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I, INPRODUOZION

The Shems set for the universal Children's Day Celedrusiun, by
the United Baticne Childiren's Fuumd (UNICRY) for the year 1367 was
focussed on ohilehood the vital peziod ta & men's life. This 4s
She period wiea autrition etands as & deciding fwotor with rogard %o
the eeliber and sapadilitise, the obild will devilop. The vaot po=
tentislities abildcren pronise under proper guidasnce, given ot ‘he
proper $ime, will brighten thw prospects of heulth and proapeyiWe
Good mutritiva in the early childhood bas tramendous econonio and
humani sartem value (Jayme 1967).

Oopaiea (1767) states that fiom the mutrittonal etand point
ehildren arve the most vulnsreble segmend of owr populstion, and sale
audris 1on 1B ehildhood 48 & more serious problem. Rao (1967)warns
that calautrition 48 the major hasard, facing the ehilicren wiho Aiw
in the developing countriss: A8 ths Food and igriculture Organise-
$10n of e United Bations (PAO 1383) points out, more ¥han half the
world®s ohilirea arv wictios 0f serious distary deficiensies, insa-
atsation and iafecvion.

The relevance of prodlems of msinutritics and under mutrition
t0 anaania, was the subject of study of & THO Bxpert Comxitioe
(eris Realth Orgauisation) which stited, "inmezis constitutes &

pubiic bealith problem 9f greats magnitude, particuiarly 48 tw undur



dsveloped and $10picul aress of the wsorld. Nalnutriticn, wderiines
most of She anaenias occurring 4B Shese areas whiere they af ¢0% partie
suiarly she vulnerabis gruupe of tis popuiuiion tc:poctut and mum ing
wothers, infants amd cihildre,

Toodrurt (1993) bhes referred %o the hi;h inoidence ¢f anuerda ia
Indin, Foodrusf (1961) and Cmatterjee (1967) point out tied nutristie
onal ansemias constitute & asjor problcm 18 developing countries,
Pandit (1348) bas drewn astention to the dagger of anmenmia as & ouuee
of death in prognunt women. Acoording ® Sen (1935), 39 pe can of
the materoal deaths in Vest Dengul wers due %0 nutrit funal anmenias,
Rao {1363) has esticated that in Indim 1,81 per senms of the totel ochild
population éis every year dus %0 anaexia,

Selanxt (1339), Chandra (1365), Blwod (1365), Chasserjss (1967)
and Chatzerjee (1367) huve Ommodt:ﬁum 19 ti» ocomncoest naifese
tution of maloutri tion 4n Indie Amoly the various Sypes of anncias
oocurring i infunte and children, tron defigiency 1 the muas froe
quent omee Butrition surveys carried out at differeny parts of Indis
bhes revealed that irca deficisnoy snsenia 48 widely prevalont$ avung
expeotant and nursing sothers ané grov ing ohildren (Peswardiun 1952,
JICNR 1963)s The main cause of Lron deficienay unasmis ss Woodruff
{198%) mu-‘f_ﬂmm;u died Afd dlotary iron contond, wisutiew
faotu2y methode of foud preparation, faulty soeinl habite, lack of
proper Ryglenic measures, and ¥izid religious dogmue assvd oSed wigh
infection and {nfeatation, iaterferencs with abeorption of isfob fHron



the iutestines, exeessiw loss of iron from the body, md divturdances
in ivom metaboliox by infeasion or other mechanis: s,

Compared $0 OI:r age groups, the schocl going ohildren mmy hwe
leaser denand for irom but an aspeqs of irom Fegquiressnt 4in Shis wtaye
18 the additional consideration imposed by ygrwth (ERC, 1964)e Venter
(1967) adds, that the rapid growth of youy chiidren meaus B precarious
mianos on the wrink of deficiaq and mArid onal fosdesyuscys This
precaricus mmturs 48 eabanced by dlood loss dus 10 the amidguous hWooie
worn 8f tropical regioms. Jelliffe (1368) explaine thas, u' ler
ehildhood 1ron nseds afe much ises, when cocpared with thet of infants,
but in mery tropieml ocuntries, Fequirement may increasc decause of \he
continuous 10ss of s=all quantities 9f dlood, whidi may decam & oumue
latiwe drain s08 only of irom, but aiso of protein,

Pineh (1765) resarks thet the first three $0 four momthe of iife,
the complemesnt of iron provided a8 birth decomes inadequate for normal
gronth of the ohild and & daily requirement ruging fram 0,29 10 Je5 mgs,.
per day must be met from the dletary sources, Acocording 40 she dietary
allowsnoss givem By the Indian Council of Medicel Ressarch (ICER 1968)
the dalily alisvanse for LK 18 13 %0 200g. for the perivd of ame %0
aine yeare of UMfe.

In Inoian 4iets, wWhio b are mostly wegetariun, lidberal unounss of
grecn 1safy vegetasses have demn advocated &8s & source of iron, W oumbat
anscuta, Oresn lsaves are oasily availabls et low soss (¥irmaio gy &)y

1968). As Jelidffe (1363) emphasises, the; A0t omly provide carotens,



vitanin Cy Becomplex vitemins, 0uloium and irun, But also add signie
ficantly % protein, the composition of whioh camplemonte that of
cereals and Subere. Ammiysis of sume Indian diets have reveaied that
Shey have & satisfsetary contens of iron decsived from osrvals ani greea
oafly vegetanvies wuich oumtain large amounts of phytates and oxulites,
whioh are known 90 exert an inhiditvary infiuence on the adscrption of
iron (Pendis and Someswaras Bao, 1960). ¢

Patvardoan (1992/ finds shet the Indien Sietaries acre mot defioiens
A0 Lreon coment, Ia fact mcnetisea tiwy exceeded the noroai rejuiree
sant, bdul S8ill tuere B many reporte about snmssis dus %0 iron ictﬁ
®ienoye But sscording 0 Blwood (1365) the high imeidence of irom
deficiency ansenis 18 altogether Not surprising as the averws distary
intake of iron ia most countries 18 prodedly sloser to and nore e
queatly lower tbhan, recomneided minesrsl levels,; than 43 that of any
ossential nutrist, Fwrtuermore 4n times of natiocwmml oF dommotio food
skortage,; sane persond are likely S0 reduce thdr intake of f2oh,; W0 &
d1s prqpo vtionate degres by cutsing down the ircm rich animal fuods,
Ia such cowditions, the green lsafy wegetsble, whioh are inexponsive
and rich sasoes of iron cen play an importunt roh; Bat howfar  She
fron 4n green Jeufy vegetadle is avulilable nesds invees: igatvn.

Thers are no$ adequate studies suncerning the inoidence & Livon
defisiensy anaemia, nor gonovrning Whe sctunl intake of ‘sdedarbdadle’

Aron Shrough vuricus foods (Pinch 1963, Apte ant Venkataciuiaxz 1962)e



Only @ very fow studies have desn carried out in Imsis on iron
availewility from green leafy vagetubles, The are inoadequate in
et the, have beon conocernec chiefiy with ads.rption of LoD &ilty,
Oniy lizited fladings ean be lovated Pelating t0 the food ivon
(Hansen, 1362),

Such inforamion 3¢ vory urgently nesded. The ¥orld Health Orge=
nisstlon (WHO, 1366) A8 scoumulsting the ausxc‘b on fron, The pree
sent otﬂi ai:s te £ind out the availadility of irom from & c.mmonly
used, irom rich leafy wvegetabls, amuranth, by feeding seslactod ohiidren
partisipating in an organised sohool lunch progrumxs 4im Colmb.itore oltye
It $8 hoped that the fiudings of the study will sticulnte more of ord
towards determiming the extent of avallablllty of Lirom from natuwral

VPS8



Ils RBV13ZW OF LITKU..UKE

The al. of this study 49 %0 evaluate tho aval.sbliity of iron from

Awmsranihye flavug given as supplemt 10 & schiovd luxh 4 comparison

with & commarcisi source of iron., 7The pertimut ilterature 4s reviswed

uwnder the following hewdinges

A,

O
8.
He

Role of iron in putrition
Fagt.re affeoting fron metadnlism

e Dletary factors
2. Metaboitn faotors
3. Iron lesses

&e Biarage of iron

Sswiies on the availabdiliity of A¥on from divtaries
Provaiomme of iron deficienqy anaemia

Plagnueie of anaonin

Clinlcal conditions assoolsted wish irom dsfictamsy ammemti s
Jomb.Sing 4roxm deficiency anmemie

Irom requirement

Ingoztunce OFf green lemfy vegelavies ss 008 souwros of iron.

A Bole of lrgp An Butritiop
irun, onedf e csventinl ¢lemente in human and ani. al autrision

(ICR, 1964) ocours both in plant md ast:al kin.-dom (Apte, 1961), Svea

thouzh iron was used as & medicins for & varn Ay of 1iimmasee from the

$ 140 oF Mippoorates (born « B, G, 460) 4% was not umtil $581, that iron

was iatrouvced into elimical medicine for the treasueonmt of anssmta,



Tracing the nutritional histary of irm Apte (1961) reports that
soluble iron salts were cmsumed by man with the belief that i& would
give physical strength associated wit h this metal. Iater, Bland (1831),
recqgnized the mutritional nature of anaemia and spotted the speci-
fic action of iron in its treatment.(Sherman 1Y60) and (Davidson and
Passmore, 1963).

As early as in 1920, Keilin and others revealed the mature of
cytochromes and established that irm,as part of hematopoetic enzymes
is concerned with oxidative mechanism of all cells, and that i{ has
a quantitative role in oxygen transport as part of the haemoglobin
molecule, The susceptibility of these 'iron dependent enzyme processes'
to lack of dietary iron was subsequently revealed.

The total content of iron in the body varies with species, ege,
sex, nutrition and state of heak h. It is estimated that a normal
adult man has a total of four to five gm, of iron, Mozt of the body
iron exists in complex farms bound to protein, such as porphyrin,
baemoglobin and myoglobin (muscle haemoglobin) or as non-home proteins,
such as ferritin and transferrin. The haematopoetic emd flavoprotein
enzymes together constitute less than one per cent of the total body
iron. PFree or inorganic irom occurs in negligibls quantities.

Iron ocours in blood as haemoglobin im erythrocytes, andi as
transferrin in plasma, in tne ratio of nearly one thousand to one,
Minute quantities of non-heme iron also occurs in the erythrocytes,

The haemoglobin comcentration in an adult male is 14 to .15 gm/100 ml.



of dlood (Underwo .ty 1980).
In the body tiasues iron Tuxoticns ask
1o An enmniisl elenent of the chruomstin sucssance.

2. Ao elemed of haemoglobin, fulfiliing the oxygem carrying
property of e blood}

3¢ An sssentinl el:merd of myoglobin aidimg in the Faguiation
of the oxMdat ion « reduetion reaotion.

Iron partid pates turiht ia tiaamw~oxidationsraduotion resotione
through the eatalyiin action of qytoohromea and aylochrome oxidagew,
whioh have bewn setimated by 3obultse (1947) %0 mdiate soout 30 per esnt
of thes smcrgy transfer ansociuted with the sarcbic phase of $i55u8 Tee
pirusions. An esssntisl fragsent of imporsant bo,d.*, susymes such aus
Tilk, and ¥AD,

B. Eactors A{Tes\lNs ifen Netehoiiss

AS eariy as im 1937, ¥cCanve andt Tidcowi0D pestuisted the sieory
of irom absorpthon. Brown (1963) and Beaton and Wollenry (1s64) sta.e
thet the blood ievels and the metebolie needs of She Wiy may vary from
$ias 10 $oe 4Aa the sane individual as ulilisation i reguinted by
controlled absorpston. Brown (1963) points out that from sbaarption
ofn ooour &% ary level o0f the gastruintostinal treaot even f1om tim
stommoh slthough absorption 48 grouter in the duodenum. The faotord
which infiwsnoe AR metaboiism osn be clasuified s «

te Dietery fuotorw

2o Hetabolie fsotors

3« Izva losses

«nd & Ison SWTRgE,.
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To  Zietiry Tesigre

The distary faotose aret

a) Hutrients in whe diet

») Iroa in the dles
an! @) Inhibitowe prossnt in the fooke

v = ABQO X &

The asoardde acid eontent of she diet hal 8 significant inf lumce
on the edsorption Of dletary iron An humen subjeets (Apts and Venustaw
elalam, 19653 Sutr, Bev, 1989 Yraise asd Hallburg, 1962p) (Moore amd
Dutw oy 19913 and Dajuiskalmi g% al 1967).

Tois effeot may be relsted W the reducing acsion of ascorois eeid
(Beaton and Mollerry, 1764). It has besn demnstrated by Noore (1955) in
normal and ansenio subjeots fhas, vit:min C Anoresscs fron abecrpt fon,
Ia the Busas stomschy, redustion of ximiaolstered ferrio iros was greates
when foods ¥ieh in ascordie acdd were given with ite The favourshie
offess of assarbio Acdd on Lron sbaurpt ion wae AL MOWd in tie
sreatment of autritionsl anasala in iafate and ohiidren,

In studien with rute, adéition of ascorbie exid with iron has fucle
ditated the reduction of ferric L10n %0 the ferzous iX.m, ths etate ab
whieh 1% 40 more reusdily abscrbed, (Muore gt gl 1944y 19%3)e Ranerjes
and Chasrabarthy (1963) with ascordutie monkeys, observed Shas all
heenoroiogioal changes dus 10 anmMenie were Abolisind By Lron supple-
mptation,

Soshweil et g (1964) sugsest Wiv ascarbic acids may be izvolwed

48 several pinces 0f iron Sraugport. Goldburg {1933) Pinsberg gt 8]
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(1959) and ¥asur st a1 (1393) (1961) have sh.wn that ascorbic acid
faeilitates the fo.nmation 0f heme 0omplex. Excesiive irw depusits
pay modify the mstadolien of asooroio acid in e body, (Sothwell
23 al, 1984),

There 49 8iu40 evidence that su inorease in vitumin U fntae 4ne
ereases iren absorptien (Moore am Iubeck, 13%6)e A eomdinatiom of
visusin C and B, aueelorated hasmoglodin syntheale more shan dous
sither of the vitanins alons (Oresnburg e% &), 1957).

~

FiG - L §
Insreassd 4100 Absorp ol has beenr Feported iR pyridoxine deide
elenqy 45 rass, suils adainie:ration of high doses of pyrid.xine was

found 0 Fedude 1roh eVsOrpiios AR preyoant women, (Nashhare end %.;leovel;,

1963). Beatom and deRenzy (1964) reported that & elear relatiocnehip
bas ot desnt ¢8%abliolwd Detween the abaorptios of fron and \he siat. e
of mutrit lon wilh regasd %0 ’6 OF ASS presence in the intestinve,

VYitemin U L& reportsd 90 inorease the irom sbsorptiom of rechitie
enicke (¥asubare, 1963).

4. Proieipe

Yomuliar and Johmston {1951/ thoughs that the prasencs of boef in
the diet had no effedt o iron abescrption f0OR Spinach, Reocsng
#Wdles have dexonpirated that when rats are fea ¢4 f¥e gomtaining less
than 13 per oeas protetis, 1198 sbsorpyion was impsired (Kievine g% af
1962),

The role of protein me.nutrition pey ee 4o the genssis of anmenia
An Iweshiorkor has been exphesised by lahey st a) (1998) ané Joodratt
(1961)s The fuos shat the absorption of Pe 59 was depres sd 4in pm;n
defieisncy, wus obesrved by Betiard st a} (1938) ant Sood et a1 (1963)
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The resulds of two experiswnte ky Nasser and Plast {1968) snowed
that the animls o8 tiw lower provein valw {MDp acal £ $ (iow pro.eim)
develeped 8 =mild fora of anssaia but the 0tal garssss Lr0n was nare
kedly hi her Shac tRat of .he animis o6 Vhe dist of high prosein
value (EDp Cal <10 (hig: protein)s Altho.gh both groups attained she
sume weight the animals on the low protedn diet developed iron Gufls
eiengy anmemia, 4in #spite of an adequate ixon intake. 7This cbaervulios
oxplains how ebiidren suffering from kwashiorkor develop iran deficiengy
anasmise 3Studies have revealed that the chiidrea havizg low protvein |
diet wuld sufier from severe OFr moderitely ssvere anasmiay which wese
often of the iypochromie microaytic variety. Iron sdsorption might be
inf luemsed By protein fntais.ietary protein lewa then ¥ = 18 pur
cent has been SR A 10 impair the abdsorptioa of iren 18 rutes{Aderm.ihy
2t 81 « 1365). Vohars gt al (1365) reportes st dletar, fmn imake
sAy be inf.ucneed by amlno mxid compodttion of the dietary prutein,

Oa ths ol r haud, Pundit and omeswars Hso (1960) report whas
thers was no sarrelation detweam protedn iatake ad iron absorption,

iite Kinernis

Calsium and phosphorous arfwet the abdbs.rption of irom, &ue ® the
low salability of irom phosphate, ani the alkelinly charecteristieally
asecciated eft  the pressnse of calelium, {Beaton MoHeury, 9364),

Chapmac and Campuell (1937) feund thut the presence of largs amounte
of bone mial added 0 & sTead diety Pelsiiwily v i firm, interfered
w:.th the utillsation 0f iron, ao reflectod hy haeadglodin vregsneration,

inesite of the annenie vandition of the aniials and thelr greot denel for
Lron.
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Absozpiion Of fren, sdlelun and phousphorous is depamdent wpon th. relae
tiw smounis 8f sach of Shese substances 4n & iet (Butrition Reviews, 1967).

Buon and Matrime (1766) reported that dletery sino incressed liver
iron conevatration, sn: cadmiuas lowrsd {8, & Anlaale fed distary
oopper bad lower levels of liver iron as reported by Cox and Harris (960).

Kinnswan (166) obwerved the effecs 0f dletary supplemsuts of
wpper (0.025), trea (0,04%) aus aine (0.75%) om growth end irvn eetee
boliem of rats.

He cvoauded that elavated Javels of iroa si nifiosol.; lower«d upe
take, and dis tary minc oFr cuopsr had BO significant effect oni the abaorpe
tion Of orslly samais ierdd reaio Getive iron,
® lrop 18 the dje}

The ferrie iron in the 4408 48 redwed 8¢ ferrous stats during gistrio
digestion. Ths ferrous salis (Yo ¢+) are better abeurbed then ferrie
(Veess) tn man (Noore 1951) Bross, 1963; Duokworth, 19653 Apte, 1367
and Jamcs anc Pader, 1967). It L& probadbis thas she phenmenon of
oxidetioa « reduction 48 favalved An the ensrgesios of adecpiium procsss
(apse, 1961),

S. iablblvore AR oie 004

Yood sontuine o gaificmt quantisies af oarbonates, asclains,
phytatesy, o phusphates whieh dind iren 1B the duwddcnun % form both
precipisates and meero moleoular polymers, (Devadus sy al, ¥95)¢ Touss
ant Vesey, 19655 Bus. Rev, 1967).

The sormal Indiac dieS 19 high in ®tal phytie acid ocamtonss High
d4etary phytate suntent may cuuase the poor adsorpiion of aledtury tfroa .
and leud to the high inoiaenos of irva deficiezny ansemia An Iodia =

(Buaaxe Revy 1367),
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mytie acicythe hexa~phosphorioc aaid @f Lnositol 4% & coamon
constitusat of the parss d plantis Shat are used as Hode Nagy of
the salte of phytic acié have desn ixplissted as & deterrsat of
absorpiion of mimeruis, principelly, csloium and irun (Beaioa
a.:“y. 12645 Nute, Rev, 1367),

Hydrolysis By snzyms phytass of phytie acid %0 fnosited wnd
6 phvisphoricacid 1@ an inportant reastion 48 sontrolling the
offacss of phytisaclé o iron and oxldus mtal.lem, Conres (1767).
Phytese has bese dssonmreted 4n the intestimm] trios of uliino rets,
Suilmea pige, radits, pullets, ehickers and ruminuntuy bus 4s bellieved
to be adaenty from the husen gastrofuteutinel truote !ﬂ present in
the dlet; £ cen destray physic awid,

10Me, (1961) contnated 8 bBalenos stuly 0B 1R Rusws VOLunteers
end 000 1406 Yhat 88 Lot uke of 1iStls ever 20 mxa/day of irom with &
high phytate sontent, €48 juet meintsdn & person AR equilidrium,.

Sharpe 93 ) (1990) wnored sbas additiom ef wodium phytate Vo test
#es1s Georsuasd dron abeorpsion. Sathe and Kris:nsorsty (1993)
ohearved that s haasmngclobin and stored iron levels rose as tie
physia phosphersus contextof the diet foll with inore.ssd polishing
of rise, They ooneluded thal the more the phytim phosphorous

preseat in the diet, he lsse wus the anvunt of irva abs rded.
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Receat studies by Cowan gt a) (1966) eovering the eficot of moluble
phytats on Lirom absarption msazuring total ha:mo,ledbin regors retion
i nutriti.me.ly anaucic rets showes $hat acdium phytate hai o effect
o5 iroa sbecrptiocn. With & natural physin phoaphorous cembamnst of 8
psr esi 18 the total phosphorsus of the diet and an averagc of daily
dletary imsako of 21 t0 23 mg. Of iram, Mumasain and Patwardian (1353)
Eoted & sman dictary retention of 2.4u)ag. of ion, Then (ke phytin
phosphorvus content was increased from 8 to 40 per oent %0 Poseubie
the ratio of poytin phuspnorouws to Fosul phosphorous per oemt in the
no: mal dies, diciary irom retention feli iese than ¥ per emnt and irom
oQuiitbrium was juss echicved witi: & dally iroun intake of .61 g,
2. Estaboilc Vactore

Chowdhary end Willdams (1953) und Huctier and Fair Bank (1963)
®ugseat that gastris Julor whion &8 aclddic, reisasss izun frum protein
abd heips 10 asiniadn BOth forrous and ferrio irea 4o (physiowohsmiosi)
solutiong on & "statilising factor® which sclubilises iron ot the pi
of She duodemiae In @ @budy Of 16 normal sudmcts and 20 pativnte
with dron defie leovy snmemis Jaccos g3 @) (1766) showed thet iron
adROrpsion 48 reisled to Laemoglobin laovel both 4R Shose with noroal
£88r18 WoldAYy aud in thomse with reduced o excess acild secrotion,

Aghloshydria, hypochlorhydria, goestritis, and gastric atrophy
have iong best kouwn 30 De ssgocluied An many pstients with ohronic
Aran defleleny ameaias(Moose, 1953 Susr. Rev, 19656, and Chacmao gt 8l
1966), Botiwell (1358) amd Isak (1366), reported shat under no. ual
cirousstams eny the abscrption of iron by the Linlestinal wmuo.mu, »pnz:»c
$0 be dontrulied ehiefly by body frum stores and by e levol of
eIythoripoinio asiivi y of e bome marrow,



seintraub gt al (1963) reportes hat & ruduction 48 A¥un adsorpe
tion 48 direcsly parsl.el %0 the dscresse 18 orythropoetis activiiy
wiich was associated with an fnosewsased depositiom of iron &0 the gut.

The worz done by 7eintraub st al (1764) and Isak (1966) proved
that assorption of f1:20m 414 00t inoreuse until fiw an;:;;ﬁ o sey
henos rospome 40 chazgs 4in the %06, 100 stares o rate of orythirve
poleis sere deisnyed. iheley mnd Crosby (1963) cume t¢ she cunc.ustom
bt firon defioisnd anime.e eOnoemtrated 1littie ironm 4n thefr gut and
absorbsd inoreased azouuts of irom from the diet, The perorntoge of
iron absorbed from lergsr Sest doses, acnording to Smith and Pauaes
ceviill (1458) 18 decireased, AlShough more 1iron adeorbed from larger
test G08es, acocrding %0 Omith and Pannacevilit (1956) Le docrvaoed,
aliboush murs Lyvom waa absorbed from Iargssr 40908,

All ths atove obssrvotions mere dased om he mucusel bioek
Sheary postuiated Ay XoCwnoe and #iddowson (1937) wiloh druw ik about
& cuangs im the thoughts about 1198 metubuleia, Oal.msder {1367) suphae
sises the rule 6f "muccsal cell' in the oonwolled absorptioa of Aron,
and ite lizdi ted exvretion.
3+ liva iosses

¥oore (196J) repozted thut the body usea its irom over sod over
again, and only emeil umount 8f iron 4e excreted.

The maic ways in which iron could be .09t cun Do @ategorised ae
fol .o

&, Iioeses Wrough sMa and gustro intestinei tract,
B iceses due 0 msnstruacion,

Gs ioesse im pregmancy and lactation,



L}

de lows throuzh hair and pail
o Ioaues du= ® other phystologicaul diswurbanoes

and o Iosses dus %0 infestation,

&,  lgsses through Tin end Gestrye Intestim) Pracy

deure 83 a) (1766) observed fer:Atia in urine whied accelarated
iron iose through urine. The amunt of irom exoreted daily AB uriiw
has beea reported %0 de 0,080 0 1,0 ag. for adults and women. Hiasliie
haria (1961) obasrved im five norasl Tuts the ancumt of iram excreted
in urine was leas thian 1 per oeat and in annsnio rate 4t was Pod per cent,

In sropical climates lows 0F Avon 18 greutly increased by exces :dve
owsatin; which 18 an fsportsnt csuse of deficlsncy. Poy ang Konds (1957)
and Pimch (1965) report Wist 6.0 mge of 1ron may be loet through ssest
per Gay bus %L1l mo cousclusive evideonoy hes Deel reporteds Mimoain
and Patwardhaa (1359) feln thut she body temded 0 conserve irom im
the anzemi @ state by reducing the loes through skin, The pesuits of
their experiments (I10M%, 1433) showed that ths iram content of cehds
rich 4B dran wes siygaificantly reduced 4in anaemia,

Bvea Shuwgh & fow atvulfpes bave deen conducted ol the relitions
ship between sweat losses of 1100 0 dally requir<zents quantitasive
Luportance of the @ontin.ous ioss 18 still & dispusted Lesue (Conhar, 1963).

Be Xenstruel loeses

Cheyns (1963) reported that om an Average & nureal woomn losses
about 13 mge 0f Srol &t sach asawtrusl periud, the overall mange beisg
as wide a8 2 W T ag.
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6. iosses iu Pr.;nangy and lactation

Buring pregmanay irom 14 loet By the epcotant mothes DOW 44 @
sesult of tranafer %0 Me foetus during the last trimsater and blewd-
ing Aseociated with delivery of the baby. Pulierton (1936) fcund that
the irom 108t at euch prognancy and parturition was adout 729 mge [Howe
evur, as there 48 00 losa through senstrustiod during pregumx:ys the
Bet loss of iroa froa the s Ires was ORly 135.-400 =g

4, loss through Hair and Neiils

Irom lest through theee two d«rmei appendiases 48 erall. Jambde
and Jenkina (1760) found that infunm e lost 1 mg. 0f irum per gue of
dry chipped naile and the exoresion was recuced as the aze avvauced,
They bave reparted that ihe adeults lost 100 xgme Of irom/sn. of dry
onipped aails, (reige 12,575 per umum/em) and that snaesic cidiir:n
108t lower valms But failed to ooufiri the sase in adulis,

oc Jpeses dye to Other Mhyeiologioal Distushences

Bleesding uloers, piles, c.ocer of the -toa?oh. eoliting fioroid,
trauna and evaydistion alao 0ap cause ioss Of iron due 0 hastwrrh:ge.

fe lomses.cus t0 Infeatution

Ho kwo:in Anfestation has been found %0 be A gaj P sauso Of nnsenis
48 Indian ehildren (Pand it and Somssesara Reo, 1960, 3HO 196%3 and
3008 1967)e Book work causes elow oosing out of blood int. the ;ootrve
intestionl tract and thise causes & loss of 14  gu. of Lvon por &y
{Butr, Gev, 136¢, and Chasserjse, 1967).

The load ©f hook wormy Gurotion of Anfeatation snd the pro=existing
eotute of nutrition, with special reference to 1rob 8ioros Of the body
are gontribitory fsstors %0 the evolution of anacwia dus to hook mrl;k

infeevation, (Chatsseryce, 1967),



Ia houk worm ,\urum.xu svd ansenie the pationts’ zed oell
BOrpaole;yy serun Arog level, fron binding eapagity of oqm‘ayto
Ghanges, Sud hasioalderin eontent of mmrrow migi be noreal (Fute. Rev,
1962)

Apart from anacwisyintestical paresitic fnfeststion may Awalr elee
otrolyte trunsport and abuorpiton from the inteaticm) lumsn §n uniomls
and oan, decentiy hook warm infeststion has been fourd %10 osuse
steator:hota and maleabsorptiom (Sheely gy al, 1362 Tandm o3 4l 1766
and WH0, 196d)e

In comtreat 10 all the avove references, Poy and Xomci (19%7) have
s:vomn SIm% hock work was ROV & mjor factor in the osusation of irom
defici wnay ansecie ia India,

Shared Nuzsr ot 8} (1939) asd #10 (1363) resors thas chrante

~ snfestious C&so_t'u 2y 8lter Lron metabolism And resul$, 48 enaomis.
ASlovoge of lLon:
Acourding t0 Oraniek (1760),0f e total {ran in the body appr.xioaiely
35 per ocent 18 found in the Blood, 10 per cent in ke xuscls, baoriow
slobin, and hasmw gatalyste, uad 30 to 35 per @est are #to:ed 4in the
livery spleen, kidoeys and red butw marr.w, The stdred mouns varies
widely anong Andividuals ain fie affected by factors such a0 diet and
1oss of blood, GConres (1963) reported that iron ebuorpdion L5 relssed
36 bod) Lsom Bt0Tese It mas enbauced AR Lron deficiendy and dec:vaged im
iron Jverlesde
e -

&tudles of She Avalledility of lpog from Liety
other
The cletary deficlengy Of iroa ssscoimed wi: h/factors mihe de
& poteat f2a%PF in e eVlolugy Of Lrok deficlency ammszily wvty e °
poorer sestions of thw comsunity, (Rsmslingsswasy snéd Paisardnan, 1949

and Redusarishos a0, 1934).



There is «ume @videmce however that the dietary irom Geficieny
Bight 02188 18 eertain individadss Patreth (1933/ found thet 6.5 per
oent of 843 Indian families %0 have a distary intike lses than 13 ug.
of iron per day, Hoxy for the sco=existence of several deficiencies
8..0h a8 proiein, o64l:iua anl other essential nutrionts inf wuoex the
abaorption and uutilisaiioa Of $1on 48 a proplem not yet evu.ulte 4,
Patwardnan, 1932 ani Apte, 1367),

moore (193,4 1361) Zeviewsd the available informilon and oune
oluded that the average perason adscrbs approxizately 10 per o of
the dlctary iron. It way Obsrved thad subjects ob rice dhot B :iyw
10 36 agbe Of Lrom daily wbeurbed meariy 228 of the Anteke {HWHI, ICHR,
1957)e Amomg deuth Indisn Piantation farkers Lamalingeswesy and I’nnr(;:l:;
found thut the aversge iron sontent of the Gied was 20x¢/days In
Bombey State, Radnakristem Hao (1934) found the iren inteke 41 37 oud
of 185 persond 0 s 16.5 mg/duye. Dlietary aurveye have shown that
the averige daily intake in the wo: M 18 detwe:m 10 - 30 me/Gay (M3, 1359).

1cxR (1961) hass shown that 60 par Gant of the avers; o faxilies in
Indis Sake less thai 13 mge azd)l per cent less Shan 20sme [fssala
(1959) hes aleo Teported that western distaries contzin 12 = 15 nge
iron per day, derived fram meat, B3 6gg, and gresn leafly we etadles.

Betiration oOf Liron iatake from dist surve,#, pariicu.iarly weh
ealouiated, ignures the poeaidie contributd oa of iron f¥um gu.king
vesssls (Walber and Apderson, 1933)s Quite & large sm:und of iron
of LiNix 16 added 90 be £000 wkeh 18 ®oked 1a & puns (IOMR, 1385,

'wr" %.
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In addition %0 %0tal content, the reistive availabliity of the
iron AR & food is izporsans, Ia most of the foudatulfe pradably half
of the 17um 40 in thres state (Borgein snd Kirch, 1343) snd s abu.scpe
tion and uSilisation of Shis fonisable 1ron 49 simiiar G0 tho iwon of
fnorganic compounds which are gonaPal iy evulinbise But tiwrs are
cumplisating Feports eevering relstive valuee esvng thes (Jeatom
¥olienxy, 1764) (Caliender gt al, 1953 and Turnoull g% al, 1962).

Rag studiew with Xiddls Zaatern foodetuffs have show $hat Lram
in sreen ngoubiu, particu.arly Okra, was poorly availsblie (75 per
cent iess than ferrous suipbute) (Bafuhani, 196%),.

The physiological avalladiliy of 1vou in several Niddls Ras . n
fouds was 8t.died by Cowsn gt aj (1951) and 1% wae obaerved thag ine
organle Aros promuted humsmoglobin regeneretion more of icieamily tma
foud iron. The relative aval.adility values ranged from 41 0 67 per cent.

Picoh (1965) found thut L1rom from aniisl $104us L.0ep ferritia
and hesmogiobln, «howed an absarption of 5% %0 128 4n the normal indie
vidual, whoreas 4n ibe fron defieiengy subjeeta \he abearpt.on was
12 10 21 por cent, Vagetable {rm is less availadle. Buch odbsorv.e
tioa fudis ates She Luporsance 91 quaiitly as weli as quantity 4n evaw
luating & etary sowees of Arom (Finok, 1365).

In India, G .saathen (1938} am.ysed 100 common Initwm foods for
their “avuilodle irun® by the ohe uicel method induaing ths um of “ae'a
dipyridize vest”. Im genersi, leafy vegetadbies and condiments amd

spless wihieh Are comaonly considered as good sourves Of Aran,



shoved low peresnta.e of ‘availability’ while the othw growps of

foods esontained Lwom of whitch about 3O %0 40 per cent wers availubdll.
Ranganathan (1938) found that Amaramth (Sender leaves) (Amerethus
gongetius) had & total iron per cent of 23,7 of which avaiiuble 1:0B nge
por cunt was 6, and ihe percsatage of total iron availaole »as 25d ¢

Soswant (1338) las shom shet spimuch (spinacis obriccoa) hau o totad
6.4 por cent of 1708 out of wh:6Gh oniy 2.42 pesr cous e svaliadle,
sud e aveiiadlilly of 1mn aight ds inoressed ol @ookii, OF boLiimyg,
Leokey (1957) sdda shat & 2004 of high irom content muy BOS necessarily
be & g0od source of biologically avaliudls irvn., Ite svalisblilliy ey
be altered Oy the presence AR the &les of iteme oﬂhnmi.n. abaorption
(as 2048 an: sulphydryl groups esc) or inhibising adearpiivn {excoss
of phospbate, phytie acid eto,)

Compara.iwve tables of 1308 contents of individunl foodn are
readi iy avaiiabls (PAO, 1984, Ranganatimn, 1938), but sudk tadies
wuslly isaurs the varistion whivh are known $0 ococur in the L¥08 eontans
of aost foods from ifferent geogra:Liloal aress,

Pinoh (1965) reporte that 1 mg. of available Aron equiviiaat to
5 %0 10 mgse of dletary Liron 4B & W lanced dled and sppruxisately 20
2goe A8 & vegetarl .n divte
D Zrgvajepes of iren Def) ajs gy Ameomis

“he bost known mani festation ¢f the biochemical pathology of
Aton deficieuey 48 an Sapartumt impairzent ia the ekiosynshesis of

haemoziobin resulting iR Lrom defioclemdy amsemia (Arroyavey 1961),



Bumerous surveys on the prevalencs 0f ansenia in é4f ersut parts
of Indéa have shown et 50 per cent of the preschool children hi-ve
levels beles 10 per cont (The Nutrivion Soatety of Indis, 1368).

Nirwala gt ol (19688) report that axong she 84 sdoleaccns ZArld
tested An Coimbatore 24 were fOound 0 bave hasaoglodin leveis below
115

In a study at Bombay with 62 males ant 86 females aged be:iwean

found anaexia 18 72 per cent of the ocaues,
10 and 72 years Damsy (1934),/ Among them 3% per cent were reporied
0 have mieroqytie; hypochromio type of anasmias
. D s of a

The elinioal diagacsis is impo-tany to0 deteet the Sypee O anmenmia,

Ascord ing %o Jeud (1367) the various parsmetsrs which hely in
the dingmoais of iron Gefioi=ngy ansenls are? Red Cell Ludices and
mozphology of Zeé seldss; Plasma L7os uzd irom binmiing ospacihy,
marros hasmosidarin, Siderroblasis and siderocytes, iron toisrunos testa,
Radiv=iestople Studies and responee 0 tharspy.

‘ot obe (1956) and Coursd (1967) bave reported what im chrouie
iron Geficlammy, the J98ils were microoytie and hypochromi@y Sharacts:e
1sed by 8 reduction 4n the velume and the heesogliobin oontont of she
srythogytes 20re marksd than oe i¥ Duxsber, and with asan eorpusgular
husmaglobin ehuracteriatiouly reduceds In shis conditiom, ths wewn
COrpuscular véiume wae 1009 than 2% m10ro miorosrame and the neum
corpuscular haszoglodin aonoentrution was lesss shsa 33 per cent, 7The
meun GOFPUSSUlAT YOluze wus 8M80 Deiow normal. In from deficiengy

spaenia cawsed by protein malnulrition, She mean ooFpuscular valume



will be eoamonly et the upper limit of the norual muge (l.es 95
cubie mierons oF mere)s The mean eo puscular dlameter (¥2,) is
often Looreased acove the upper iimit of he norsal rargeliie 77
BioIoe, w.08 he BeaA GOrpusdular average Shickusss Le eor Qupuisingly
reduwed, (voodruff, 1961}, 3euton and McHenry (1963) report that im
anaszis, DAeEAL0srit vaiuee were beiow 31,34 (mommel 42.4%)e
In anssnie of infection, the selum iZoa and per ocent saturation
of traneferrin shos @ fall, In the plasas Lrom, Lir0R dimiing ospucity,
Barrow hasmogiderin and redponse O therapy may sarve as good indices,
Theoo Lndiocss are aarkedly reduced in severe irua &eficienay aimenia.
Iyer (1953) studded the plasza levels of individual amino ao s
in 1ron deficieny wnasaia, and reportec that glyeene lavels are ine
oressed in this @ néition. Sherzap and ¥itteudurg report was glyosns
As an essentia, sinding dDleok in the dlosynthesis of bhasmoglabin,
Concuntration ¢f glycaon: 4n plusma muy be refiscing an atteonpt on the
part of the hxtkxxi body %0 nske good the defiaiemy of haomugiobine
8ince 1iron i isportart in meny ensyme systexs like ayioc:rume
oxidase, eataiase, peroxidase, and aconitass, aniusl smeris-ats . have
shows. $BAS activit; of thede ocnzynes £ relucsd ia iron deficis:oy
(Busris 1on Reviswe, 1961 and 1968). Vitnde g3 al (19656) encwed <hav
the astivig of W ensyms froa Lminotransfersss, s el nil lountly
redtoed im irom defiolensy ammoxia, and wa; asaccialed with & marimd
increass An wrinary exoretion of YIQiU and thus resulting in anaemia,
Ivon deficiency misht aim0 result 4 the defsctive utliifsatiuvn of
folate (Joseph)(1365).
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The hasmog lovin level, whiah 18 the welil knoen fodex for ivon
deffolsnay, o= be esticated 4B varicous ways using pbotosleotrio
golorixeter, haemglobinometer and battery opwated Baemoscops
(iaw's sbd Grams, 1765). Theas ShI90 mIthoda ave speoinlly indi cated
AT the estimaten are $0 o garried o 4o the Tred, The Talquesnt
and Saball’ metthods ure SpPAORSEXiXARe . S INR FOaREy Specially
ol icsted Af the catizates ars 30 Do earried out in the fieud, e
Talquest and Sabali wethods are $00 inmo.urete % e recom-srded, and
the results axyressald 4n perosut give & falew impresalon lscking
prectetsa (IcHZD), (1963),

laenatological Fesponse W Aros therspy sas proxided proved o
ba the swrest procf of Lm0 defiviamy fia s, There my be & re~
tio:locyte respunes on the S:ukth day, A8 e aduiey, and an adequate
rise An bessme lobin level 4n two or three we:-ks (3004, 1967)e
7. Gliatow Condiviops Awsocleted with lron Defici-ngy Aumeate

In children with mild iron defiolenyy, fullure t0 thrive, irrie
tability, asthenie, saimexia, fatigue, weaknes s And pallowy of kil
Ry be secns In sevarc csens, hawmodynumie oh.nges, palpitation; ¢me
terml dyspnesa, caduud, hesr't SBlArgsment, Proeors Lal MATRRE Uy
0ardio respiratary di.irsee, fiatiening, and lstter, wspou.iny
(Platynyohisa And Xetiogychia ) or Withdnesa, wa: Shinning of the
maile, stomstitis, glosesitis, loveing iusture of she hair, schlorhyirse
am hepatosplenomesaly have been repurted by many workess (Jelliffe,
1460)) Beaton Movenry 1364) Chandra, 1765; imtcfen, 13655 wnd Butrition
Reviews, 1967.) )
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Toere buve been studies $0 report that ima epples-ntation
alters the pieture (Chatserjee 1967 and Nutr, Rev, 1567)

. Combating Irop Defiolepey Amemmie

Accord.ng %0 Jhmdra (1963) prophylaiic adsimistrasicn of iron
% infants beyond 3 avathe, and $0 tho#s undir stress Of imlegtion and
during repid growtih er dloed loss, should Be snsourage. % prevenl
apaenie,

There are three major withode of Tevent ing anasshat

f. Barichaent of fartifieation progrommas

2, Supply of cammerocial suppiem@rts

5. A iong "’Q progravme ot_oduouuon t0 enw ursase the

producbion’protectiw foods ridh in iron, folic scid,
protein md vitua G,

Yacier (1967) emphosissa that treassens of irop defiei-nay anaemia
should oim a8 rails.ig the Ismoziobin, replemishing shw 1zon etares
and raplecensent of blooc loss vhen iV 18 pruasent,

The calchietivn of Lrom requirement s based om the f£20% ihas
four mgs. 0f elumeudal Aron are needed to sake 1 gn, Of haon.globime
A shmple formula my de wei ik the giloulation ofiron dosagee

s (lwe) x 14 - EbS) = Total L70n dosage 4B mge

In order %0 avald complications of iyom over load, 4% s vory
essentisl $0 cmwnalder the sctual & 6alculsted dosuge eapeeially Am
cane of inorgemic i:om supplemsnts.

e sari
The enrichmat 0f feod wik with L1708 L8 8 potestisl m thod of

prevsn¥ing irom defieienay (NEL 1968)e There are scme reports from



41 frerent parte of the world. In the Phillippines, rioce exwiched
witha dron t provide 12 age of extra slsmantal irem per day brought
sbowt & eGRif1oant elevation of haemoglobin lavels. Ohattarjee(1967)
sug ests thas 14 would be ideal AL the flowr in Indla could dbe furdi-
fiad by addition 0f frva, Sallo acld an: vitauin 2‘3.

Considering that ihe greut bulk of eesrval yraime produed in
the @uniey 48 practiocally eaten im tis fleld, fortificasion of cersals
ie B0t practiondle. The only paesidle commodity which might perhuge
lend 1% self to fortifisstion ie gamon salt. The methodology aud Sha
practiosbility of euri -hing ®n.0n salt requires fuihe:r regoaroh,
(Study group om Butri:ionei acmemia, 1968p.
2. iran swpplegentation

Chastserjes (1,67) and the Stuly growp on unssmis (1368) repors
wat aa taportuat of.ectife procedurs wilelk zay Suzgestsd me an aivere
na.itre %0 fortifiation or reinfusoexsat of flowr 18 %0 provide tablets
consainin; irom together with folic acid and or lu depend ing upon
the eoaa & J %O b8 proteossd.

Kany stuliss have Deon carried ou. 68 Sitampts %0 eurs ana-unia
by wininistratica 0f iron salts #Suh as ‘erric ammoniun aitraiey
saccharated iroa Ledide, ferrousaxalats, Lerrous ascorbatey 00lioidale
ferris oxide, farrousarsemmis, ferric oholorids, farrous glusonate,
fertous sulphate, ferseus suduinste ani ferric chloride (Solemid, 1,608).
Mary workers have shown an ingresss ia She Rusmoglobin vonmeuSrasion
and ohmges in the syxptoms (laoe, 19665 Solanki, 1968} NeAr.ievel393y
Blaxter s} aj 1937).



Yeny woriers have guarantesd the effeetiwness and om § of
Yerrous sulphate in the preventiom and treatzent of amemia (3ankiran
and Rajagopal (1938)) Neller (1954)) Rosder und Rmder (1916) McGanily
and Ceonon, (1939)s Yoodrutr (1961); Braise sod Hellvurg (1962)
Pedfield (1966)) dutr. Tav, (1968)3 Cowen gt al (1967)3800d (1967)y
Monon (1967) WKL Report (1368).

S00d (1367) strssses that as the Lron 4n ferrons form 4s BLsUDe
bed much better than in she ferric form, =0y Sreatmert should be
done with the ferrous selts. OChanéra 11963) su. ests shat maly
other salts of iron are avaiisble, but they 4o not Offer any pwriie
cular advantage over ferrous sulphate o ;luconate { Foodruff, 1365
and Chandra, 1963) althoush a ch:nye mey be sdvisadle 4f & purtiocular
preparation 1s not switable. He adde that, chelated iron compounie
have the advantage of 11%81¢ danger of toxiolly from over doeage, no
stainine of Sesthy and unaltered abeorption sffieiangy when aixed
with milk and fruit Juiees.

Ner 5 1967), Sood (1967), Bus. Bev, (1986),Chandre (1965) heve
advassted lh;t oral iroa tharapy i the dest method for sesti treating
iron daficiency smaeain, Xenon (1967) reports that the dicadvantu;e
of oral iron therapy are the alow Yespomse %0 Sreatzent, md in som
18 gives rise to diarrhoss, gestrio Wpests and vomitiing (Chenire, 1965).
Agoording to 300d (1467) paranteral iron Sherspy doss net offer any
parsiculear advantage over the aral therapy. Various local side
sffeats like pain at the sige of she injeotion, akin diecolowrasion,

lacnl Anf msation with Sendsr lysphadenopatby asd lower quadraus



adéoainal pain huve deen noted with intramusculm injeotien of irm
oxidation empia { Goeduan and Glilmsn (1963) end Commdra (1963},
3004 (1767), Sympioms lim nauses, vomising, sxeessive salivatiom,
sneesing, pain in neck and dack following parental tran Shorapy have
been reported by "illmot snd ismaseamy (1965). 3004 (1967) wrisea that
sxtravasation of mmndu iron exide can cause severs and painful
lood icflemmmtory reastiom. But the main advantage of parcnteral
Sherapy 48 144 use 4B patizots wko tols rate irom pooriys

The dosuge of these different 1ran ealts my vary, but ths ain
will be %0 provide about 4 W 6 mg. Of el-mental dvom which will heip
$0 prevent ansemif,
B. Irom R repe

A most useful ana eimple definition of *requiremert® £» thas
adopted by the recemt Joint FAQ/¥HO Protein Comuites via, “unde® oone
443 ione of ordicary 1ifs the nutriticaanl requirewmata of ag individuml
ar¢ made wp Sssentially of W comparitmeites

a A vasal amunt below whioh 1% 48 belisvedthat heaith
and growth eammotd be achieved, and (b) and sdditions) smount ®
provide for stress including inleotions to which every one dn sxpoad
(Hnaen, 1965).

Soen after th growth process in infanny sbhool goimg @ge anjom-
oot of memstrmtion in girls, there 48 & ressrkable incresss in heemoe
gledin. Comsequentiy the physiologioal requiremsns for iron bHeoumes

mud greater for sach sex, (3saten mnd kctewryy 1964).



AR infant &% birth conteing 300 sge of iron and & man end & women
a4t adoul 20 yeurs of age oontain 3300 my. and 2200 ng. rempective y.
The requises.-ut for iron 48 en adult has bech variuvusly estimuied asy
setvesa 12 uge o0d 30 mg. per day (Tuckworth, Bé6)e Chantra (1363)
hes reported hat total &a 1y doss of 4 age of eleme:.tal :xom/k . of
body weight 18 suffielef %0 sorrect auasnia.

levertcen ané Zarsek (1342) reportas thet 40 per aent of thour sube
Jeurte wre 4in Asgative iron dalanee when the daily irsn intds were
594 10 Tedl &0

The Food ad Butritiom Bowd ef ERC(136)) recently inoressed the
recam:ended dletary Gllomncs of fron for 6 e § yvars eld e .ildren
from 10 %0 13 ng/dey.

Johnson (1258) estinated thw Gaiy Lron neede of sive yeam oM
€irin 1o de 0,3 mg/for maintenunce am Q.1 mge fOr storage; and fue e
10 yeur old mu‘u be 0.9 mge fOF gruwth, O«é mge for mminvens 06
and Jed mye for storages

The latter part of the firss year of Ui fa, ad lescences o pte?
nasey are knowa t0 be the periode @t whiah iron defieicuqy.anmmis
"ot ®arcaly escurwy, Aanl these periods are those Aa shioh she
demmnd fOr 1108 A9 saxizal, Host new hadies bezin life with 300 e
‘W?! tron etored 4in Sheir bdody and Z25%w 445 ag dron are iadd
dovn 40 the tisewss during the following Xk 20 years, L.00 AN BVrsge
of 039 0 .6 sg/dey during this period, A% Sthe sams tims irom loeses

approximate %0 0.6 a,/day asd as the) sppruxizate 10 per ¢ 0% of & sary
Aroa sbsurbed the mean daily dietary irom requiressnt Juring tha firs
20 years of 11f0 49 oot B e Shun 1P mg. (Toodrusy, 1961),
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A sonstruciive estination 0f 4208 abscPption might allew for 10
per oent effieiency in assinilation of food iron, In infame and
ehkidren $he requiremsmt might de estimated 80 be 5 my/day « sudh
ot iamted assam & reascnanle dlutridution of food irem between
animnl and vegetable souraoes und perhaps allow & maryin of ss such as
100 par cent t; she &iet 10 high An animei sourc:s of iren (#oodruff
1961)s The preparxtion of {006 mey 8le0 carksdy alser the scatent
of iron ia eithar direction, and my make dietury Bintories of little
vaiue (Fineh, 1945,

Tiush (1965) reports that eurrint esti.mtes have indicated thay
iron losses 4n the nomal nale are ia the range of 045 %0 1 ag/day.
Such losses are altered 4a relstion %8 the body fram ux conteat over
amnge of portiaps 0,1 t2 00,2 mge 4ron over lond, Kore thun half of
thie lone L6 derived from the sxfliitation of gastrie fntestinel mucosa
and the internal blood loss, About 0.3 m=g. ircm mist be retained each
day..for 20 yeurs 4f anaesria is %0 de prevented,

Le

Anony the sy ewrees of iron, gresn leafy. vogetobles assuxs
priority: becdusc animal sources are most uniikeiy o pilwy a signi-
floent pari is the dlet of troplowl oldidren, Tha: potential source of irom,
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egg Yolk, 1@ used very littls in feeding children in developing
countries (Jelliffe 1968).

MoOollum et &l (1939) have stressed that the lsaf of plant is a
complete food. MoCarimn (1956), Swaminathan snd Bhagawan (1964)
exphesigsed that green leafy vegetd les form one of the thwee g classes
of protective foods, as they are rich in minerals and vitamins in
whih the cereals grains are lacking.

3ince leafy wegetables are avallable every where, at low costs,
ar even free throughout the ysar, it is important to realise¢ their
nutritive valw (James and Peaden (1967). Oreen leafy vegetsbles in
general are good sources of carotene, caloium, ascarbic scid amd iron
Devadas (1959), Bingh (1960) USDA (1964) Devadas et al (1965).

Periera (1968) states that inolusiom of greens in the diet for
three months will provide protection for the -ildrem for four %o
five months afterwards, even when they amrs given a vitamin A deficient
diets.

Deshpende (19%4) demonstrated the high bdiologioal value of proteins
in the leafy vegeid les, and foum them syperior to the dhal proteins,
This shows the importence of green leafy vegetables as a source or
protein of good quality.

It i3 of interest to note that calocium retention from green leafty
vegetables is utilised as well as, milk caleium by human beings
(Kamalanathan et 81, 1965), Devadas ot a1 (1964) suggest that a mixture
of wild green leafy vegetables can supplement effectively the poor Indisa

rice diet as justified by ths growth rate and retention of calk ium in albino
rate.
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Feeding six adolescent girle wisn: 100 yae, o0f & nx mixture of wild greea
lsasy vmtul;l. Devadas o 8] (1365) concludes that the inervassd
cons.mplion of wild gresns will help effeetively in makin: up the
eslorie deficieaq 4n pour In.im diets, As well as Lnorease. tis
setention oF phosphorous md mitrogen sithout ianereasing tis ocoas of

the whols élet.

Pereira (1;68) showed that imniwsson of 30 gue. of cooked .reen
lsafy vegwiadiee Ain the <iet ¢f normal preschool ohiidren foar a pariod
of J monthe; rafusd thefr serus vitmin & valuesy when subssquerdly
glven vitasdn A deficionay ales, thc\chnlrn majintel ned sane visamin A
devels for 24 weeke (asuw 13 nge per eeat). Devadas (1361) states shat
grom leafy vegetables belp 4n building stroag doass, Resdhy Seeth
and Zums apars frua protestiing Wy o4y ;aizs$ anasmia,

The commonly used green leafy wvegetabies ia India,Amrunth, aald
trigooells have an iaspoitamt rule 45 the distaries of tl» pourer ¢ lusses
in Indfa, Phazsalisr et a} (1937) ané ICKR (1s58) have shomn thay the
ingiusion 0f ssuwranth 88 & supplement %0 provide protein at 1~ level,
was found $0 improve the PIR of various cereals and pulmss K.
Teparte, an axperisemt, where they compared the effecitoness of Agatal,
Apareamb, Nurwgali, md Paruppuls eral, swpplemated $0 & eereal 4dis s,

Eamath o} gl (1959) reported it the pagenaration of ser.m pro
tein, B ERC, ind xanthine oxidase by the vegetadis posders Anoluding
amsranth powder was gomparebdls %0 that of casein.

Sup;lamantation 0f &iets with asuranth may aled improve %he iroa
smtent ¢f the dlet. But there are several fugtars whd h & ffeat the

iroa conwat of amrumth such as soll, couoking vessels, md metlpde of eo.kln

ter o
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ICHR (1966) states, Amaranth, one of the green leafy wvepetables ie
an exsellaat sourees of Arom ss shown Wy 133 high irem ocontomt (29,9 mg/
10) gme o

The term ‘availadle’ 4rom was first used by Bill (1930) ant later
by Blvehjem and Coworkers (1936) demoted Shat she frection of iros in
focdatulfs wieh 40 empa occpuarebls of ccabluing with & « & dipyridims.
The M ter worie rs havs sh-0n that T effiolency Of “vod in regommrating
hasmogledin 4R M» acsaexic rats 10 eorroimed at with ite tosal Aroa
oontent, bus retler with She protein, coxbining with & 'a o dipy.idine,
Menos Shis fraction ef Lroa hsid 1in eimple eomkinzilon, was Soimed
“availnbie® for use in fulfiliing the physiolegioal fuset on of e,
The %0tal iron ecutemt of the Lodutf? £8 Stersfore of relatively
485l vaime in Duirition 8t dies unleds socompraied by infessmtiion
with regard % Ske percentage of ‘available®jron.”

Though ¢reen lsafy vegetadles gout:is & low peresntu, s 0f ‘availadle
iron yet bulk for dulk, they furninh sudr more availsble i:on thau
otteT foode ( Sarcja, 1966 and Ammudam ot 8] 1967).

Sherman (1933) ana Jelitfte (1968) proposed ihui, all sources ef
1ron are explained and made Avallable %0 the 1ow Lncone groupss e
practical selution lies in the proper utilisation of tiw Limexpondve
ool ew the lealy vegetadies, which are rich in irm. lt In prgpuasion

™ oorsy the lsaly vagetables fur:lsh more frm thac >t ¥ svgose™s



1. EXZUBNTAL PRDRBUHE

Thie Sawentigation alaed at e mparing the avellabiiity of iron
supplemested 8 @ salool lunch, through two sourses (1) & mwural
vegetabie wures , asarenth and (2) an Aram sonio, 'Celitran®e he
relative effest of supplomhazion baw beemn dtudied in tezwe OFf iron
avalilasdiity, 0088, Mceptsbility, tolemamme , gromih, baeno;lobin
devels uwad other diochemiocal, aad elinical pursasters on 8choul ell.idris
in U@ ags runge 0f fiw %0 thirteen yaurs,

Fooiing sxperimute are generully udd 0 tacklr the pmmcsical
prodlana of isprovisg our deficlert diotariss,

As pointes out by Psacits sod Someswura Bso (1360) moss of the
feeding experimats are ommiucted oa childrea siace the efiscte of sale
auITiticd aFe Whueily BoFe maif ¢3t umong theme From the eduwmiional
puins 0f vien daliarem ars the best Ndis $0 carry Imlode./oéo how
t0 ute the Joocul foode, (Chnopwa, 1986). |

The Nadras ¥idday Yesl Programse has deoR in operationsinee 1929,
Asooraing to e regulationsy the ladrues midday mexl progrs W8 xudd Ful
Ain the clomiutary sheals by She volumtury contriduiion ef the publie
at the rate of 4 ps. per meal and & matching ecntribution 0f § ps. per
meal por pupil By tie Governmece The sale gemc.ally econni:te of souked
Fhoe or wheat, Sesved with sanbur OF euwrds, vegetadls oF piokise, amd

& praparstion with sors soys mesi (C2M) wihleh 19 supplled by CANE,

»3



Tae Jedool selusted An the present invesiigstion & comes wxier
the Ladres Nidday Neal sobene,

The expesi-amal proocsdure includest

As Selseotiocn of ks plice of sty

Be 3unpling

Oy Compositivn and Nusritive valus of Lagal and Experizental
diste

De Ivon supplezsitas ion
B. Planuing, preperdt ion and servin; of lumoh

and ¥, Bvalustion,

Ae Phoe of Sw

8ri Saredamznod Devi Jumior Sesie Training dshecl, Coimboiore was
selected Do the study, as & required musber of chilMren atieniing &
8chool iunoh progromme was svallaale
B. Samplisg
> All shildrea smxlied in ihe school lunch muskering 82 wore sube
Jocted to, sasareponeirioy dietary, socio s@nomic, bMostwemical and
oliniosl meusuremeBiic, in order 40 seleet ide smple. Out of theass,
61 ahiidren agoé butwech five %0 thirtesn years, free from any agtive
disease, infecthon or infestation, were Selected, They were 4lvided
et rondon 40t0 thEee groupe of 21 eash oapaiable 1o hei. bty welghty
hmemoglobin level, and 0eio econImio Status, A similar group of
ehildren who wers not in eohool lunch progrusee dul brought lunch fram
home wore sels ated 90 form & fourth groug, 10 Serve &0 & nestire 0ontEoie
Care was Salen % exviude children sho were taking L1vn tonics or sadlete,

siiose infested with hook worm, and girie who bave reeohed pubertye



N The four groupe thus sesscted were desimated as B‘. 32. E_and O,

b
as.ordimg t0 the dietary trestaents %0 be given s apesiried below:

Group s‘ s Chiidren recaiving tbe Basal eohool lunch with
eolioldal 1ron supplament)

Oreup By = Children receiving the basal wchool lunch Wi
Amaranghus .fg\v! as supplamnt with jaggery
water as placebo,

Growp l, e Ohildren receiving the basal élet alons with
Jaggery water as piacebo,

drouwp Ceuntrols Comtrol ehildren who are not partigipating in she

school luneh,
S. Gemposition and Butritive Valus of ard Soparimental Diets
The oomposition and ¢oat of the basal school lumnch are given i
Tabls X,
TABLES X
QUANTITIES AED COST OF FOODSTUPPS UST 1IN THB 3AJ AL D12/
OnBL:D/DAY
SN G W
Quantity ‘ Cost
Feodsrurte (gme raw weighs) (pates)
Rioe/wi.cas ™ Tree from 04NB
Redgrax dnal 20 9.9
leaty/mon-1s a2y vegelables 60/50 1.3
Skisasd allk powder 15 Frees froa UXKICKY
cs8x 20 Proe froxc CARE
Jasgery 10 1.8
Pappays/Tomte 20 1,00
01l 10 Pree frop CiB
Total cosd se Jed



The cout ef the lumel: #»as within 9.2 puies pur child per coy axaiuding
the free food gifte from uizm ard CAAR and the gvst of fus) und
leboure

The Bassl lunsh 4iet was adequate im 6ld esvential muiriv:gte adld
ealories swplying one shird of the aliowanoes recammpded for 8 achdold
going &iid by ICKR, Thals basal ¢iet supplied 6 ay. of iron per duny
per ahild,

The nutritive valus of the dassl school lunch ank the varilous
supplsacmte edmparesd wWith ope third of she dally mutriticoal requictes
BAAS are given ia Tadble 1I,

TABIR IX

DALY REQUIRTMSETS ASL RUTAL A0S SUPZLIED BY THS BASAL ARD
EXP:-RIMEATAL DIETS3

P~ " " -~ ‘- -~ _ WD
"aily require- 1/3 of (ke Basal 44t Died for
Busriente 20 :%0¢ duily Teguire~ for growp grow 2‘
mntss I' and ﬂ)
Caloriss 1830 630 632,14  647.36
Proieiaga) 32 19,3 18,3 204337
Calotux (mg) 439 te 300 130 %0 120 255.44 4609
Iron (ag) 13 %0 2 3 %7 6o 21,276
Yivamin Al(2.U) 1200 %0 2440 40 %o 832 192568 508%0,74
Thianine (ng) JoBl 10 140 3.2 % 933 03292 045417
Visamio Cm;) 30 t0 50 10 to 36 13.2% 1.8

P oty - - - ;- . -~ i -~ - "~ .’ . ‘. *Fr-"""°" - . e
oW 1963,



) nJ sjon
Ihe iroa i\p;ou-mtﬂm was aarried out for a period of & wonts,
Fifeoen ax. of elumrtal iros whion A8 the average dally iron requires
me:d for the ohlidren aged betwaun five and twelve Jears were s.p)lied
in the fom ofs
1. & f00d prsparstion (koutu) made out of Amaranthus fiuwvuo
(mulagimerui/ a green Wwafy vegetabies comsoniy weed in Jo.ak
Inding '
2. an i»» tunlc eulliren.
1. Rroouremesy of amaresth
A pagticular varis ty of Anaoreuth, (Kulaikesrel) dotsnicmiiy ¥mown
as Mnracghue £lavus was selected us the supplement % the bas.l lLunsh
for one group of 21 entlaren (Group E'). Thie Jreun leafy vagetublos
was cuitivased under oocirolled conaitione, and plucied at ud furwm siage
at the 3tase Agrisultural apd Rosearch Instituce, Coimbatom and
bouzht fresh % the ochool every moming, The wdily anaiysis of the
aparaoihue or SvaR Sonient was carricvd oul for gquantitesive conkrale
2 Iseo eeit
1Colldron’y, & anlletdal iron hydroxide wes givem t0 the ohildrsn
™ longing te grow !‘. The welsction of this Lron tonio 702 applomentation
was baved oB the fallowin: faote.
a) I% 14 not have uny afser Lil-effects, miidh peeple usually
complatn &bout ewh as 1oss of appetite, constipution, diarrhoea,
OF Slucgieiness, 68 revealed by pretostimg on tho inveatigator
by ®elf admipistrativn of the: to:lo for three days after iuneh)
®) It was 1w coet end ewsily availaule,

In additi om 30 thess ‘Coiiiron’ had an stiraciiw e0lour anl & plessant
flavoure The Butrisive velue of Amsranth and Colliram 48 given 4n Tadls III,



TABLE 111
BUTRITIVE VALUZ OF AMAZANTH AND COLLIRCE

B NrPE ® FPOSDWNEID SIS WRPUNENRS DS SO0 RO S SHOENENDNNENIRDNIIS D e

1ron ' Proe Cale- . Cale Vit= Thise Polie 4iseore

3pplemnt jeln siem olum wn b mine actd bio ach
. (mg) ms)  (Le0) (mg) ()  (mg/

Amuraod A 2,40 27.80 15,30 23709 355300 0,010 :r el
0 (eme),

L 4 R IR
“Yonie

2 al, of - - 169 - - - - -
i luted

tunlce

*Anrauth 10 & Fidi suouroe of Foile asid, but the goutent hau MOt yol bean
specified guantitusively.

'Colisren' contained 3,7% gus, of colleidal Lrom hydroxide sl Vruces eof
Gopp &y, CObuib KL maD,SO0se, Lhe ple ce Of mznufaotucred wuy Blologiocal
Svane limiied 159/3 knxzan ARsmabai, Hyderabad; A.P. '

The dron tonle was purchesed in onRe laboratory and stored An the
refrigarator.

The %0010 snd Sy amaranthw erc anaiyesa for thelir totol iroa
eontent by the method of Womy as deacribed by Hawk (1760)e e humired
groxs @f \he Amaranthus flavus were found ¢o eoniain 25«25 e of AP my,
and 1 mie OF the Srun sonie »as Dumc $0 coatain 100 aumes Of fome

81xzvy W sixty teu gne, of Acaranth were given par child per duy
$0 give 19 nye of additicanl iron spart fram the ok mg. of Lfrom supplted

by the basal lunch.



Amaravth was served 4in the fors of 'kootu' with dhady and givem
10 the ehiidrea ia greowp '2' Care was talken not % cook the gresns in
iron pans, 2in0e irum eontent of cooked fuod had %0 Be conssunt
(Devadus g3 al, 1265),

Four al. of the Liwoa tonic were 41.uded %0 30 nl. with water,
From the diiuted seiution 90 ml. wer« given per ehild per day in 9w
t, &roup, afser lunch, The A ildren mere requested to mash tiw I mouth
funediately, with water; in order t0 prevsns drowning of she seeth
(Chandra 1965) ¢

Table IV saows the caloulated iron comtens.of the experimentel

d1 ete,
TABLE IV
CACULAIYD IROB OOETER? OF THE 3 ZXP RIMZIZAL DYRTS
Ora.pe Somol Dies Supplement Total
‘3 6.00 5 21,00
l’ 6.00 - 6,00
19 L1008 8

Based oa the ehi.idrea’s regular pattern of schoul lumch whish
cunsisted of gsreal plus § vegetadlas, diels were planced for & week.
The dally msau oousisneé of a eeroal preparation (Fios or wheat), & leafy
OF Bon~lsuly Ve etadie, Garrot, & fruit, and & sweet porridge (payasam)
made 9ith & @adination 6f skim milk posder 0,8,%.( Cora Joya Neul) and
ggery.



The luneh waz served equally te all ehildren wsing & stamardised
volumetric meas.Ting Oup,

| m timee groupy wers fed ssparatelye Ohildren in grow l, reged ved
the 'Keerai kootw' end the B, and Ry growps rocoiwed *ourcoy poriyal!
oviry day 4 & vegetuble prepamution. @nan e 8' SO\ ebiiiren were
glven the irom sonis, the other $we yro:po Teoeivad a vory dilute jaggery
0olutiol w.ich @iosely Teseabled she iron tonic AR colour and coneiatensy.
¥, Bveiussjon

The eriteria selwoted for evaluatiog the svalisabhiisy of fron fros

Supplaninie wored

s Aunsnruvpoasicio mwasuressnt

2o Sllmlex]l axamdnation

3. Btochesieal evalustion
and 4¢ Piet survey,

Yo Apthiuaonetris measuremany

Sia0e baighs and weight for an age provide the sl pleet fadex for
the adessaamst of mutritional statusy they were roocorded onde An svesy
19 days uaing the standurd pr.cedures sugsuated hy IOWMD (9363).
2 CYe V{0 3

The oM MAren wors alinicelly examiusd by & wedioal doctor, both drfore,
acd after the spplwmesstion period,
3o Phoghemicel svaiystion

a) ssmogiobin sutiation

Haenug lobin levolsx of Whs ohildren ware osil ated vaow in every
£ fteen days uaing the modified ayanmethd haesmoglodin motiod suggested

by Jediiffs (1366), az per she procedure given im Appvadix I,



W Zhe psck Cell Voiume (PsC.V.)

The pack sell Wil.ae wus msusured defore and after the scldy, Wy
draving % ml. Of blood fro: 10 shildren randomiy seloted from e:oh
of the f.ur groupe, (ICHAD, 1766)e The detsils of $he procedure giwen
in Appendix Iil,
. Red B1ogd Corpuecis Count (R3C Count)

Usiag the same Dlood, the REC count wss dtersined by the Hewdber
Tuling methos sag esved by (ICHED 1956) after the study period,
4. DAsgery eurvey

A prelizinary dlet swrvey was earriedout wiong wi th & socio &» nomie
mokground, dietary pstterns and food havits of hildrens

A Shree day welglment mrt}o: was carried out in reandom.y seisoted
houses of 1ive subjscts cach of the &ifferems Dour groups, %0 [ind out
We fvan eanteny, an: She nutriional adeguacy of the whole dayo 64 %,
The feod sazples were ana iysed for thetr prutein, iron and vitvsmin C
content. (Hawk, 1363).



IV, RESU.LTS AXL DRICUDSION

The aia of the s3udy was %0 assvss the availadility eof fvon from
Anersnthus flavue (Muledlesral) ecwpared $0 that 9f & Commorciai iwvom
hydrozide, both supplying au squal sacunt of L1080 ad Supplencine So 8
suhool lunchy whieh served as the basul die smupplying six mge oF Lrame
S4ixy Liree s0hool ehilren oumparadle &M nutritional and sociuvecoomounie
status, Gge ani 30Xy Served uad subjects, They were divided into four
growps designed 8a Ey R, and l,; another group o 21 ehdldren, who 444
808 purticipats 4R the scbool lunch But received their neals from home,
oomparsdlie 10 otis rs in all respecis, served as the contral roup. 14
for eduparisan. | '

This eompari®s 18 presentsd and cissussed in the fellowing order,

As Distary intake,

Be Assessment of Nutritional stats

S. 1. Beight

20 TWaight
3. 3lood indioces
4¢ Clinical e:sntuations |

The dasal scboul lunch 4n 811 the Sases enhances and 9 pplome.ts
the home lunch. IS L& of parmicular interest thas the dia% coataining
Aasranth 18 hish in all she nutrie:Ag, followed by the otieyr two QnXOupe
shed sorpared te the home lunch. I8 all the cases analysed waluma are
8iightly lewer than the caloulated valwae,.

42



TABIE ¥

MEAN ANALYSED AND CALCULATED VAIUSS FOR PROTEIN, IRON, VITAMIN O,
ARD CAICIUM IN THRE DIETS CONSUMED IN THE HOUSES

(Whole day*s Diet)

Group Nutrie mis Protein Iron Caloivm ::: odrbtt
(gm) (ng) (ng) (mg)
E1 Calculated 27.2% 30.2 #59.3 21.5
Analysed 2402 B4 - -
E2 Calculated 35.36 35.5 843 .8 92.18
LM]JB.d 32.12 7.1 - -
By Calculated 29.08 14.43 521.3 a5.19
Ana.l‘ysod 27.29 9.12 - -
c Calculated a2 10.21 382,19 18.6
Amalysed 19.62 6.30 - -
E S SENEES SRR SR YR SR AR ST SR AN SRR SR

A2-A



43

Be isesospexp of Eusritlovel States

2. Befahs  (2c0AKs i~ APENIIX TID

All the fowr growpe of ahl.dren had registersd ingrecses in Meizht.
However, the greatest inerc.ee was shown by the growp .2' feceiving
smarenthy; fellowed by l, group receiving the Sasal dlst aiome,

The msuu Lncreuse I8 the beights of ohiifres Delong ity 35 the
group 32 receiving basal diet with asmaramh and C, the e rol receiving
hoze lunch, anl between 3,, receiving oass.i lumch é4e% and G e
&roup with hoss died were significan: at 0.01 isvels The sipnificans
increase 18 heighs was registered only by children who were yeceiving
the irom swpply through Ve green lealy vegetabie, whether or not this
stinu.st o0 0F GIowih 18 due %0 the phosphoroys vitamn O and othey
autriscte sup.lied By the groen leafy vegetable needs €0 de Lnvostigated,
Iacreased avsarption of LR 685 Pesuit fron hléh intakes of both
eaicius and phosphoruus {(Nute Rev, 1967)s Tbe Basal lunch diet als.
dave algaifd sut Anoreass 4 hoight, but the effect of oral Arcam sonte
Deight was not @ignificents Ae Finnaman (1366) ane But. Heve (3967)
pus forth, sdsorption of Arom, o«loius snd phophorus 1s dep ndent upos
the Felative amounts of sach Of these substances 42 the ety and sle=-
vated levals of Airas alome signirlosmtly lowers 488 uti.isutions Im
the oral L1om Swply, 98ly the iron intake wmas ingreased hio oould
bave resulted in the decreused avail Mility ef the iron, due % the

asseoees &f s oLhel S pparting minerals,



Teasy 10°0 v W T,

SRR
o2 o e Uy ] LPUTLEIL LCLITERsN s ey 9
b1t o m S gz TaiTenir  1KITcee W ey S
. *3oys Trewg
e Sz om % re Gy weRen patidhinei N 3
ap ' © b BTAN 3

‘Vw. . nﬂ ..“V m.? ! .M é” *

oy Sxoea Y 12 OrCLISERTZIL YeERCEeel poe otanr Oy
ue s drno hd 17 Hl«vuﬂm

omtes 8, yo soapes SSTIISOUT TUIN CORLuT scITOs WOST 9POn
[ ]  FABMBENS SRS

I d M0os iBd KiAC BEYC IRD 40 S40CER WCL “HI & SRDEWIO SASIEH RVIX
4 TEVE



2.3e0an),

The msan insreases in weight of ail th: fOuF groups mre given ia
Tadd VI endths record of the Driaighily weights and the stnsistie
eal treatment given are abhuowa respestiwly im Appemdix 1,

There was an increase 1ia the weights of the children 4 all
the four groupse But the éiffereme was significans only betwesn the
Erouwpe i' and Oy reesiving the ircu Sonie plus the 3asal ddet mnd
the howe dleSy and detween B, and £, receiving greens and home diete

This increwsse may bs dus 10 She adequate supply of nutriema
with the extre amoud of Aran supplied by the seho.l luneche

Thore was & maxn inaorsase iaweighis hn;uu grops B, and l,.

n'wc ms,mc,wmmmmm was ot signifiealt,
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Blgot Indices

Table VII gives the mtam Linerease in haumog iobin levels of the
four goupe Surizg the stuly period, Haencglobin values are givea
in Aprentiz Y

A1) the Tour gZowps 6f ehlidrun Bei 1LucIvasy Rassoglodin levels
(n‘ v 173) 3, 272, Ry « 169 208 C - 0:78)e The ditfernes in M
LB LLiTease was slgaifis.al Detweed IS growpe coneuning iron tonie
82 wiursith, azureszth sad e basal die3, Jmsal dist nakhoas diey,
and $1e 2eak Lneresse bstweea $he saaraath and hoas died was highly
siznificant, But the 4iffur-ase detween the gy eoasuming sonle,
EroW Soawxing 8asal 4iet was 1ot sigmificak, This aifferssos might
e dus S8 Wae higher avaliadilil; of iram frum Asaranthuas with o
wis-out the offest of other haspotopostie faotors lile felie and (igmering
ccoking Jeases) an! visasin C pressut 18 wsuruath aa reported My
B.ramia gy o (1968).

Aithough the haswoglobliu valusd iaersased duwring the experime oSl
peTialy vwly HNone resched the aseeptiad svandards of 14 g:. pe® 130 nl,
of dlood (FHO 1959)e Ovt of Siw1P whe wers founi %0 be snawnie in the
BESOIEE B inaing according % whe WEO anaemic hasroglobin eiandarde
of 11,36, 12 ebllérex ovuld reach end get teyond the snsezic levele
ufber the mupplecomta, 411 Shlidren consuulng Azarsath had higher isvels
trhan the azaenio lovols At Whe and of e experineatal pericd, In tae
basal lmob diet groupy asly three Gould mot gel beyoud the ansenis levelss
This proves the sffesiiveniss 6L thie aupple mamlary vaiue of Amranth 4R

crmei @ shildren,
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9

Bematoe:iy

The pack cell volume was measuread Before and sfhar supplenateation,

Table VIIZ gives she ghan:ea im Bemitoorit velues ot/‘:-:uonu
80i0 07ed tea OhLlirea £iom each of Uw four groups. (APPENDIX KD

AlL he Tour grawps of edildrsn have enown an inarexss in P8,V
7be 0.3j80ts receivin, am.rauin (Gzoup Byy tnd & higher PoleVe vulue
fiun ¢80 oblidren w0 redeived tlw irom Sonic. But none of them Bave
attnized Xx We PoOeVe vuius of (37 40 42 per cent) ceported by Fintrauk
(1956) , iusuasn (1939) ang ¥BO (1959), ezcepy suose who had sheir
fnivimi vaues closey 90 the noraal ssandards, Ome druwoack $n VAL omge
48 3hat sheas stauuarde srev mainly set for aorsal wduite and got for
growing ohildren.

T wenn luarease e PeCeVe values havseen group® recsiving
i cunkh 6né irom tonte { By am Ey)y Amrauib and besal diet (X, ezt n,)
ant Amireiih aud bow luioh (I, aud 0) were significaut et Je01 leved
anc 390 Nen LRCIeASe Be JWeeR graups Sodsumlily, toxic and P noed lunoh
(ﬁ.' and 35) wis WMzolficuld ab 005 levels 7The 4ilfersnos wus A sl e
mificant be iween £y and © (Tonte sad howet die8) and betwsen
33 and O gaoupe regalving Saesl 4l and L st

!m. AN - £
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BeBaly Count

The RBO ocount of randosly Ssleogted 10 children from each of the
fouy gro.ps were estimstsd, 83 the snd of the study,puriod, Tadbiell gives
the RBC Gouut of the Mewr 4.fferent go ups of children. The group whioh
rooeived smaranth had the asximwm oumber ¢f Red Dlood Celis, and the
Basal gouwp (K,) onlo growp (B,) and the homs ales coup (C) bad worr
sante 4An the re.peetive decomtiing order. This shows that the Lron
aapplisg o.4h emranth had & greater influence on (s REC gounte thmn
shrough other forss., The inare~sed Red Blood Gell) ccunt found 4n the
sase 0f ohildren of the Amaresd { lz) growp sy be due ©© the grestey
quan®yy of availadle iron, as well 85 othar ecyihropoetis subst:noes iike
folle aid and B“, siich are iapertint oocnstituents of ¢resn loafy
vegetablen, On the othar hand, althowh the toalo group bad the extzra anoumt
of ivany perhepe lacied ia e o.her eryshuopoetio substames, As repar ted
W Amc:be (1363) @ reduction 18 L30R absurption direotly pareldlisd 30 the
decsreane 10 erythrosoetis eotiviy., ISvem Shough asaramth aud the Sonie
provided eyual ssounts of irvn, inoxeased erythropolowis reflected By
ingreastd mumber of hed Blood Gelis, 4in the cawe of the anuranth group,
may be dus %0 increass: &deorplicn wnd avalia Wity of iron fram greens,
w.ioh in tan L9 smtralisd 3y ety dletary fectors whifoh 4o thie eave
wers constwt in the diete of the fron applemerded groupsy except fer the

pwaosnoe of oun® mutrisn. s 1n the greemm,
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Yo STMNARY AND CONCLUSIOR

T otusy on the availadility eof 4ron from szarunth % ehiliren,
participaiing in & school lumb progras's, &8 8 wpared with & commere
sial 4ron tonio Yooliilron' over & pesiod of six monthe recorde WMy -

1 All children partiofpsting 4n she schoul lunth,; espeeially
Suos »BO have received the Lron swplements, and thoes who are ree-

oeiving she homs €188, registered an Aincreass Ain weighl, !lowesver, tw
ioarense ia the sean welght of Mildren wol statisticaliy significens
orly batwesn the groups consuming azaranth OF L1vn S0ui@y ¥hen gone
pared 16 the incresse AR weight of children coamsing She home diste
The mean weight increase recorded; Between $he gr3.pu comsusing $iw
8shool lunch diet and homs 8468 was marked, even $ho.gh 4% was Dot
statistienl )y significante

2. There was & moan incresise in heighds, during the atudy period,
asong all the four groups of childrsn., The inorense 4% the height
wad sigaifiosat 8 0,01 loavel Detween the group ecosusing the sohool
lund without the iran supplem iy and the grow oonsuming tshe home dies.

3¢ The mean ivorease 18 hawao lobin levels of ¢hildrsa ecomuming
asaranth shen gompared wi h that of chilren ¢ :naaing howe lunch,

Somecl lunsh, and soinol lunch suppleaerged with irol tunio, were sige
alficunt at 001 pex oent lovel, Alec she msan fnorvass in haemozlbbin
of ebllidren eonsiming irom tonic, e mpured with Shat of ddildren e nmuming

» T«



the schoul lureh, without iron supplamatasion, apd that of ebildren
consumin: home lunch, was significent &t J.01 per acent level,

4o The P30 goune 42 all the groups showed mm 4noreases Hus the
inersase in the amaranth was Mighe® shun that of all she other groups.

S« There 18 & wean inoresse in the Pack Oelld Yoluoe (P C ¥) ta all
the fowr graups. The tnarcase in PV wen ocmpared betwesen ehildren
chnuning saaranth abd sohool lundh withou$ tram supplemscastiony
anaranth and 1x08 Yunlic) ant amsranti and home dlety wan ofi/nifiong
8% 0e01 lovel, whers as that of children eonsuning iron sonis ami sehool
luach wheu eonpared axan was Dund 10 dbe significat at 0,05 level,

6 The ciilanloal exsaination 4id not show any eignificant 41ffemnoen.

T¢ Amrenth was found W be less sxpensive than ‘Gollires' as the
000t of aswranth per chilé pexr GQuay wan 1.8 palae vhen cowpared t0 the cost
of soilirum w:ieh wes 3.6 pates per ahiléd per dey, (Azeranth t1Xg,, 20aP,
Osllires 170 sl » 4.90 W,

I8 45 evident from these ficdings tied the awailsbllity of iron fron
& Datiral vegatable acuros, auaranth, 48 greater tSha s acameroisl ivom
hydrexide (tomie) as evaluated by grow il and soms B1o.4 indices, hether
oF mt Wi bmeflotal ofnot 46 due to the Lram suly or 4ron 4n the pre-
sense of other bematopostic fastors and nutri+® 40 scarenth needs further
tudye

It agy » ocendisded that in feeding programras, adequsts plannizg
with looally avetilable nasurad plsnt food spoleme:ie wuld be efisstive
in erradiocatirng iron defisiengy im particudar sd in improvieg the
outritions ) atatus of ohildren in geosral.



BIBEREIOGRAPIY



Anandem, K,, Susheela, 4., Devadas, R.P.

1967 Incorporation of leafy and non-leafy vegetables in the school
lunch on the growth and nutritional statws of ehildren, Joumal
of Nutrition and Dieteties, 2, p.252.

Apte, 8.V,
1967 Iron Nutrition and Requirements proceedings of the Nutrition
Society of India, 2, p.46.

Arroyave Guillemro,

1961 Biochemical evaluation of nutritional status of man, Vth Inter-
national Consress on Nutrition, 1960,

Abernathy, R.P,, Josephine Miller, Janewantwork and Marry Speins.

1965 Metabolic Pattern in pre-adolescence effect of, amount ani
source of dietary protein am absorption of iron. Journal of
Nutrition, 85, pp.265 to 269;

Apte, S.v. and Venkatackﬂlam, PoSo
1965 The effect af aacbrbic acid and the absorption of iran. Indim
Journal of Medical Research, 53, p.1084.

Betmd, W, F., Thompson, J.S., Wistler, R,H,, Schroeder, M.A., Robson, M.J.
1958 The effects of acute protein depletion on the distribution of
Redioimn in the rat tissues, blood, 13, p.46.

Bhegawan, R .K.,, Sweminathan, M,
1964 "Our Food", Ganesh and Co, Madras, 4th ed. p.43.

Bunn, R,, and Matrine, Gennard,
1966 In vivo interaction of Cadmium Copper, zinc, iron in the mouse
and rat. The journal of Nutriton, 90, p.298.

Bothwell, T,H., Pinrziu-Birloi, G. Finch.
1964 Iron absorption -~ I, Factors infiwencing absprption., Journal
of laboratory clinical medicine,

Blaster, K.L., Sharman, G.A.M., Macdnald, A.M,
1967 British Journal of Nutrition, 1, pp.234-246.

Bergin, oo, Kirch, E.R,
1949 Heduction of iron in Human stomach., Journal of Biologilcal
ch@iitry, 177’ p-5910

Banerjee, Sachidananda, ani Ardhendu Shekker Chakraberthy.
1965 Amaemia and its relation with iron metabolism in wscorbytic
Ronkyy. po53, 835, 845,

55



Bethwell, T.H,, Br“lﬂ. B, ‘o. Jacobgy P., Keeley, K., Kramer H.
Sefted Jail, 8. 3British Joumal of Hematology, 10, pp.5058.
1y58

Br&iﬂ. M, and n’llbc‘, L.

1962 Effeot of ascorbic acid om iron absorption. Aota Medica
scand navia .

Brown, E.B.

1963 The absorption of Iron. The Amerioman Jour:al of Clinical

'utrition’ 12' ’0205.

Beatm, G.H, and M,C, Henry, W.H.:
1964 Futrition a camprehsnsive trestise, Volume I, 1st ed,
Asademie Press, p.315.

Cowen, :cwo' Wi, J.B., "hq.tm, A,

1967 The phyaiologiesal availability of iron in several prepared middle
eastern foods, Proceedings of the Tth Intermational Congress of
Nutrition, Hesmberg, p.671.

Callendar, T,, Sheila. .

1967 Interstinal mucosa and Iron abdaorption, British Medieeal
Bulletioa, 23, p.143.

“Gonrad, M, E.,
1963 Iron balance and irom defiol noy states, Borden's Review of
Nusrition Research, 28, p.49.

Ooz, D.Ho and Ba,rrla. D,L.
1960 Bffeect of excess dietary szsine oa iron andcopper in the rat,
’0’ ’,c"’o

m.n, DIG.’ Campbell,
1957 Effects of galcium and k phosphorous salts on the utilisation
of irom by snaemio rats, 11, pp.127,133,

Gonn, J.W., Eﬂfamm., l.’ ﬂllir, :o?o' and Alzm’ Ao
1966 Effect of phytate on iron sbsorption on rate, Jourmal of
Nutrit ion, 30, p.107.

Choud bary p lonc' Wilijamse, :o.
1959 Iron sabearption and gestrie operations, Science. 13, p.527.



57

Chﬂt.rj.., J.B.
1967 Soms aspects of Nutritional ansemia in India, Proceedings of
Nutrition Soeiety of India, 2, p.67.

Chatterjes, J.9.
1967 Comtrel of anasmis an urgent prodlem, Bull, of the Caloutta
School of tropioal meaicine, 15, p.149.

Chenfne , Go‘o’ Hytten, P, B,.,
1963 Iron loss during mexy; 3tru "ation.progesdings o £ the Nutritiom
society in Inaia, 1963, 322, pd J.

Chandra, R.K,

1965 Iron deficieq anaemia in infent and chiliren, Indian Journal
of Pediatrics, 204; pp.52-120.

D.'hpﬂldﬂ, P.DI’ RBO, u.v.
1954 Ehtrogen Compiex and suino ecid cemposition of Amaranth and
Acosite beans. Indian J. Med. Res., III, pp.77, 615.

Devadas, i.P.
1961 "y leafy vegetabies" farm Information Unit, Directerate of
Extension, Kinistry of Yood and Agriculture., p.5.

Devades, H.P., Bowiznd§ R.,
1964, Journal of Futrition and Dietettes, 1, p.34.

De'ad”' RIP.’
1965. "Some Nutritional problems im Rural India " Home Maker. Raja~-
sthan ¥ahila Vidyalaya, Udaipur, p.S.

Davidson, 8., Basamore, %, Humm Futrition and dietitics, E& L
Iiving stars Litd, Edinboroug , p.

Duslworth.
1961 Contributions to Buman nutrition - Pruite and Vegetablss,
Pergemon Fress, londom, p.139.

‘1'00" P.C,
1965 Availability of minerals in food of plant origin, Procecdings
of the Nutrition, Seciety; p.d 12,

Befahani,
1965. Physiologisal avaiiability of iron in some middle eastern
foodsturfe. Nutrit ional diseases. Ameriean University, Bervit, p.87.

ha d



Yood and Agrioulture Organisation, Minerals and vitamins for International
1954 Use, Pood and Agrioulture Organisation, Rome, Italy.

Food and Agriauiture Organisation.

1963; Malnutrition and Dissase 'A major human problem' of the race.
Treedom from Hurger Campaign Special series No.12, WHO,
Seneva, pp.iil.

Pineh, G. R,,

1965 Iron dalanoce in man, Futrition Reviews, 23, p.139.

Foy, H,, Kondy, A,

1957 Quoted by Nutrition Reviewa, 1968, Proteins in Anssmia 16,
p«3%3,

m1mn,o

1936 Ioae of irom duwring pregnany,xmi British Medical Journal,
3y Pe5T7.

Freedom from Runger Oampaign, Specisa 1 Series Report No,12, WHO, Geneva, p.11.

Pil.b.:‘g, Ro‘o. x&ﬂb‘m. I.x., and I"cm, M.V,
1953 Physiologia:l1age for the uptake of ferric iron by apoferitim.
Pederation Prooeedings, 18, p.225,

GOP.L“, C.

1963 Malmutrition smong children, Swasth Hind, 11, p.278.
Gramiek, p

1960 Quoted by Underwood, B.J., Academic ress, New Yok, p.12.
%.mi, H.. and n‘.“’ U.ri

1938 #xR2 Incian Joursal of Mediocal Research, 25, p.684.
Goodman, L.S., Gillman, A,,

1965 Phamacologioal Basis of Therapeutios, Macmillan Co, p.309.
Goldberg,

1959 The engyme formation of Heme by the incarporation of iron

into proteporphyrin Influem ¢ of ascorbic add, ergothionens
and Glutathione, British Journd of Hematology, 5, p.! 50.

Husseain, Rafiul.

1959 Studies on iron mstabolism with particular reference % Iron
defieiency anaemia, Theasis. ror ph.D., Submi tted to the Univer-
sity of Osmania, Nutrition Ressarch Latoratories, ICMR, Hyde-
rabad, p,.12,



Hussain, R,, Patwardhan, V.N.

1959 The influenos of phytate on the absorption of irom. Indian
Council of Medical Research, Tarnakae, Hyderabad7.

Isak, G,H., Rachmile, Witz, Changes in Iron mobilisation and utili-
1966 sation induced by acute haemorrhage, Nritish Journal of
Hematology, 12, p.610,

Ind ian Council of Medioal Research, Amnual Report of the Nutrition
1959 Resea:ch laborataries, Imtian Council of Msdioal Research,
Parnaka, Hyderabvad, p.7

Imian Couneil of ¥edic:]l Research,

1966 Futrition Research A‘ahors::tcsri.u, Annual Report feor the period
1at October 1964 to 30th September 1965, Inaian Council eof
Med 1i0a) Research, New Delhi.

Indiisn Council of Medical Research,

1961 Review of Butrition Surveys carried out in Inaia, Indisn
Couneil of Medical Rewsearch, Special Report Series No.& 38,
Eew Delni,

Indian Counclil of Medifal Research,
1958 "Studies on Iron Metabolaim, Annual Report of Nusrition
Research Iadoratories.

Internxxka departm:rntal Committese on Nutrition for National ‘Dofona
9963 Manual for Nutrition surveys. p.273.

Jarsanyx iy Rt ax i st anps ek Ty xR X ERkras kI sy
Iyer, G.Y,.H.

1956 Plasna anxino acids in Rmerice. Indlan Jowrnal of Medidcal
Research, 44, p.21.

Iynr, e.Y, N,

1967 Paper Chromotographic study of free amino acids im normal
and anaemia erythrocytes, Indian Journal of Medioal Research,
45, p.213.

me.. Aq, M.' Jey cw‘.ll' H.. ll.kill, J.Dt,
1966 Gastrip acidity amd iron abeorption, British Journdl ef
nmtOJ.m’ 12, pp.729g 735,

Jhakatra, K.V,, and Denny, 3.4,

1954 A few observation on the nature and aetioclogy of amenias.
I inneex i xof MedixaX, British Journal of Dermatelegy,.
72, ’.1‘5'



Jacob,s A., Jenkins, D.J.
1960 Iron loss through hair and mmil, British Journal of dermi.odogy,
72, p.id5,

Jelliffs, D,B.
1960 Clinical Condition assoeiated with ivon deficieey anaemiag
lntriﬂon Bevl Wiy 24' ’02900

Jellifte, D.B,
1966 The asasss men¥ of Nutritional status of the Community, WHO
monogrsp h series ¥0.53, p.68.

qu, P.v.
1967 Challenge ~ Good Nubritiom for all ehildren. Phillippines Jourmal
of Butrition, 20, 107.

:“Qh, T" Judd, G‘., Matrone,

1966 "Sheep erythrocyte life span in estimation of haemoglobinm tuwrn
over in Irom metabolisn studies. Journal of Nutritiom, 77, 3,
PP«264-267,

Johnsten, P.4,,
1958 Iron requiremants of children, Jouraal of the Amerioan Dietestic
Maociﬂﬂ.on, 29, ’0753'

Jellifte, D.B,
1968 The human diet, children's Nutrition ia devaloping couniries,
A Hapdbook for field workers, Washington, D.C., p.33.

James, C,, Caden, J.R,.
Prysent knowledge of Irom amd Copper, Nutrition Reviews, 25, p,.321.

Kalavin, J.V,, Kinney, 7.D, end Kanfoman, M,
Infiuence of dietary protein on iron absorption. British Jowrmal
of Brperimemtal Pethology, p.73, 203,

Kinnarman, B. Kenreth,
1966 The role of iron in the oopper - ginc interrelationship in the
rat, Jourcal of Nutrition, 90, pp.115-321,

Kamalalnthtl, Ga’ ’m' B.’ Ru.jamml P.R-,
The ofiact of supplem:nd of Basal rice diet 4in wild green leafy
vegotables and the retention of mitrogen, oalcium and phosphorus
in ad lescont girla, Jowrnal of Nutrition and Dietetics, 2,pp.37, 41,

e



61

Kazath, 3,H, and Kamala Sohania.
1959 Futritive value of green leafy vegetabiss, Indian Jourmal
of MNedical Research, 21, p.100,

I.h.y ’ E.
1957, Iron and Copper in infant Nusrition, Ameriom Jourmal of
Clinical Futrition, 3, pp.516-519.

Lewis, 3,M,, Carne, 3.J.,
1965. Clinical haemaglobinometry and evaluation of the modified
grymedge phot meter, Hritish Medizal Journal, p.2.

I‘m, Roso in
Ohanges/ plasma transferin levels followmng the adminis-
tration of iron. British Jourmal of Haemotology, 12, p.249-257.

Isvertmm, Rou', Narsh, AG,
The iron metabolism and requirement of & young women., Journal
of !\l‘h‘i‘tiﬁn, 23' p0229.

McMillar, T.J, amd Johnstam, F.A,

1951 The absorption of iron from spimach by six young womem amd
the effeot of leaf upon the absorption. Jowrnal of Nutrition,
44, 383.

loore, cov-. Dulwh, R.
1956 Journal of Ameriocan Medioal Assooiation, 162, p.137.

Masur, A,, Bais, 8,, Shore, E.
The mechanism of {iron release from feritin as related to its
biological properties, Journal of biological chemistry, 213, p.147

Mur, ‘.’ Omhn, Ao’ and Olrtlln, ‘.

1961 Relation of oxidative metals to the insorporation of plasma iroa
into firatin in views, Jourmal of S&iisteani Biologiocal
chuniliry, p.239.

moor., G.V,

1955 The impartance of FNutritional factare in the pathogenisis of
iron deficiency Amaemia, American Journal of Climical
Nusrition, 3, p.3.

loor.’ o.". 'D\lbtlh, R-. anl Robexrt K.H.
1944, Bhsorption of ferrans and ferric sctive eran by human subjects
and days, Jowrml of clinical investigation, 23, p.755.

Moore, C,V,,
1960 "Iren dericiency (anssmia) im “"comtrol of ma mutrition in®
man" Amsrican public health essociation, Ino, New York, p.84.



Mashhane, ?, and Migiocobosky, B, proportion,

1963 Irodb absorption and lever ironimx( Journal of Nutritiom, 80,
’03320

Noare, c.v.

1960 Iron metadolisx and Nutrition, Barvey Lectwres, 55, p.77.

Mecance, R.A,, Widdoweon, E.N,

1937 As quoted by Beaten MoHenxy, I., p.315.

Moore, C,Y,,

1955 Iron metabolism and mitritions Harvey Iectures series 55,

Aocademic Priss, New York and Iondon, p.23.

l.mn’ M. X.K.
1967 Hutrition and anaemias. 2Rrooeedings of Nutrition Society of
Ilﬂi‘, 2, 90120

hmm’ B, vt’ 'ri‘nt, nh" E

1939 The kknowledge of matrition. The Macmillan Co, New York,
p.5‘3.

Moore, C. V. and Dubch, R,

1951 Observation of the absarption of iron from foods tagged with
radio-iron transactions of the Associations of physieiamm
6‘. ’0207.

Hutrition Reviews,

1953 gpociu difference in Iron adoption, Nutrition Reviews, 11,

» P19,

Nassar, S., Shafika, A,, Platt, B.8,
1968 Developmert of ansemia in protein caloric deficiensy, Proceed-
ings of the Nutrition soociety, 24, p.56 and 56a.

Futritioa Researeh laboratories.
1961 Annual Report for the period of 1960-1961, p.14-16,

Futrition Reviews,
1967 Effeet of phytate on iromm absorption, 25, p.218.

Butrition Reviews,
1966, Irom Deficiengy and growth 24, p.10,

L

'imm’ K., 'DQm. qual&dmi, \ A., D.Vﬂd”’ ]1,P,

1968 FNutritional evaluation of supplementation of iron from Amaranth
0 anaemies adoleseent school girls. Jouwrnal of Nutrition and
dietetics, 5, 302.

e



63

Rutrition Reviews, Effees of attitude on intentional absorption of iron
1962 20' p.18-

Hutrition Reviews,

1966 Gastrie funotion andstrw twre in iron deficiengy anaemic 25,
HOQBZ. ’02”0

Futrition Research Laboratories

1957 Indian Council of Medical Research - Anmual Report of the Nutri-
tion Ressarch lLaboratories, Imien Council of Medical Researech,
Tarmaka, Hyderabad.

Futri tion Reviaw,
1968 Iron deficiency anaemia due t0 hook work infection im man,
“g 91470

Futrition Reviews,
1955 Iron and other metals in Hamstopoisis, 13, p.292,

"mt’ 8.
1948 8pecisl Report Series - Indian Research Fund Associstion, 17.

P‘mt’ 0.0 and Someswara 3‘0, Io,

1960 Nusrition in Indis, An evaluation of progress in the light eof
recommcnaation of the health survey and development committee
of the Governmment of Inanim, Indian Coundil of Medical Research,
New Delhi.

Patwardhan, V.K.
1352, Nutrition ia India, Indian Jowrnal of Medical Soiences, Bombay,
3rd ed, p.20.

Phansalkar, 3.Y,, Ramachaniran, K., Patwardnan, V.N.,
1957 Butritive value of vegetable protein, Indian Jowrnal of Medical
Research, 45, ’06110

Rangapathan, K.
The available iron in same Indian Common foods determined dy the
alfa-alfadd pyridine msthod. Indian Council of Mediecal Research,
p.20.

BRamaswamy, K.
1965 Journal of Obstet. 285 15, p.41,



Rmmnn. KJ., D..hp.a., V.‘., "t', SOVO, 8huklﬂ, '-x., Shlh’ M.R,,
1968. A Swrvey of 3chool Childrem in Bombey Oity, Demographie
Training Research oentre, Research Monograph, No.4, Asia

Radhakri shna m’ MV,

1954 Report of the diet and nutrition survey of lowr middle class
families in 'D' ward, Bombay, 1950, 1951, Governme mtof Bombay,
’020.

Ramalingaswary, V., Patwardnan, V.N,,
1949 Diet and Health of the South Indisn Plantation Workers,
Indian Jour:al of Medical Research, 37, p.51.

m’ K.N.

1967 Inaugurd address - The 5th Natione l gonrerence of the Indian
Acadeny of Pasdiatrichans, held at Madres from 5th to Tth
:‘m, 4, po‘So

Rajalaksimi, R., Subbulakehmi, end Nehta Tara.
1967 Vitamin C Synthe sis in rats fed on diets deficient or normal
iron content , British Journal of Nusrition, 21, pp.333-353.

Sathe, T., Krishnamoorthy, K.
1963 Phytioc acid md absorption of iron, Indian Jourmal of Nedical
hlmh, 4" ’0‘530

S'Mrp., I-lo'o’ r.“ock, '000’ QM', B., and w’ RUSC
1950 The factors on iron absorpsion, Journal of nutritiom 41, 433.

Sears, A,, David, Pearl, R,, Aderson, Foy, Arther, Williame., L.,
Herald Croﬂ)y., '1111“’ Bo' Bloo" 28’ p07°80

Sen Mukta,
1955 Anerica in Pregnang , Journmal of Indian Medical Association,
24, 294.

Sherman, 3.¢.G., Delamore, I,V., Gardner, D,L.,
1966 Bsrw tuze and function of gastric mesoca in iron deficieng,
Mi" 1' p.u5o

sm.l’, ,owo’ loamy’ '.H., 00!, Roso, 801.1', :‘ Eo’
1962 Bookworm 4 isease and mal-absorption Gastroentrology, 42, pp.148,
-~ 156,



65

8006. K.

1967 Iron deficiency ansemis, Proceedings of the Nusrition Soeciety,
in Indis, p.34.

Smith, M,D.
1958 Pannaocivalli, I.N,, Absorption of inorganic iron from grades
doses, Its significance in the relation to absorption test
and muwsosal black theory, British Journal of Haemotology, 4, p.429.

Solanki, S, V,, and Kabrawals, V.X.,
1968 Lumph edenocpathy dus to parenteral iron thhrapy. Jouwrml of
Indian Medioal Association, 51, I, p.22,

3aroja,
1966 Availapility of iron in some green leafy vegetables, Indian
Journal of Home Science, 1, pp.8=-13,

801“’ s-vo.
1959 Jouwrnhl of Ameriosn Dietetis Amsociation, 35, p.278.

Sim, HOB.' and Jo.hi, B.so'
1960 Our leafy vegetables, Direvetorate of Extension, Minisiry of
Food and Agri ailture, New Delhi, p.1,

800@. S.K., D.o. ‘nGo’ Ralllingaﬂ'qy‘, U,

1965 Blood. Journal of Hematelogy, 26, p.415.

Sherman, C, Henry.

1960 Chemistry of Nood and Nutriton, The Maomiilan Company, New
YO&. ,0296o

The Nutrition Society of Indias,

1968 Kutrit ional Anaemians, Nutriiion Research Laboratories, Hyderabad,
9060

fandan, B,N., Das, B.C., Sarojs, A.K., Deo, M.G,,
1966 Pungtional stutiss of small bowel in Ankylostomiasis, British Medical
Journal, I, pp.T14=T16.

Turnbull, A., Cleton, F., and Finech, C.A,
1962 Iron absorption of hasmoglobin iron., Journal of climical
investment, 41, p.1897.

USDA,

1964 Green Vegetables for good eating Home and Garden Bull. No.LI, -
Human Nesearch Divisien, Washingtam, D.C,, Agriculture Besearch i
Sciemce, p.2.



Vitak, J.J., Restripo, A., Veiex, E,, Rickur, ¥,, Hallerstein, B. B.,
1966 FPresent knowledge of Polacin, Nutrition Reviews, 4, p.291.

Vanier, T.M,

1967 Treatment of Iron deficienoy ansexia in children, Jourmal of
Tropical Pediatrics, 13, pp.51-53,

'mk' C.P.
1967 Iron abscrption and liver irom deposition in sat, South Afriesan
Modical Jourml, 41, pp.417-42.

Voodruff, A.V,,

1961 Nutritional Diseaces and Amaemia, Recent advances im Haman
Nutrition, #xik: 3rd Bdition, J.B. Brockd J. A, Churchill,
Iondon, pp.415-431.

Veintraub, L.R,, Conrad, M.E,, Croshy, W.H,,
1965 Britieh Journal of Hematology, 11, p.438.

'.utrm, ) 7 Ro' m' l‘!" cmﬁy. '.Ko
1964 The 8ignificance frem turn over in man, Blood, L, 4, p.19.

'MJ;, .08,- Omaby, W.H.
1963 fhe gastro intestinal tract amd iren absorption, Blood, 22, p.416.

'@m', ro. Yiﬂy, co
1965 Our meed for iron, Herald of B.akh, 40' p.1ao

World Health Organisation,
1959 Repaxr$ of WHO study group on Iron deficiency Anaemia, World
Health Organisation teehnical Report Series No.162, WHO, Geneva.

mel‘, ‘.R.’.. 5“‘.0!, U.S.
1953, Iron overlead in South Afriocan Pantu Womern, ZTransaetion of
Royal 8Soeiesty for sropical medicine and Hygiene, 47, p.536.



APPREDICRS



APPENDIX -1

HAEMOGLOBIN ESTIMAT ION

0.02 ml, of blood is run on to a strip of
whatman filter psper (2 am, x ¢ am.) and allowed
to ary. Specimens can be transported in sinall
individual envelops, and ultimately dissolved for
30 minutes im the Debkin's solution, and estimated
calourimetrically using $20/w. filter,



APPENDIX I
DETERMINATION OF THE PACK CELL
voLuMe 2
( Hematocrit)

Prin es

A sample of the Blood is introduced into a
wintrobs hemnatocrit tube approximately to the 100
mark (not above). It is certificed at 3,000 spm.
untill no further packing of the cells occurs of the
tube has been filled exactly to the 100 mark, the
red cell volume per cent is read directly on the
scale on the tube from the height of the column of
red cells, If the tube has not been filled exactly
to the 100 mark the red cell volume per cent is
calculated.

AppPargatuss -

Centrifuge

Hematocrit tubes, with rebheer caps
Transfer needles, 5%, No. 18

Two - ml,. Syringe.

Progedures -
Venous blood is drann into a 7 ml. vacutainer

containing EDTA (ethyleve diamine tetra - acetic acidPrP.
After the Samples has been well mixed by inversion (30

times), about 1 ml., is drawn into a syringe fitted

with a long transfer needle, The tip is then passed
to t.e bottam of the hematocrit tube and the blood



is slowly expelled to £ill the tubes to the 100 mark.
There should be no bubbles. The tube is capped and
centrifuged at 3,000 rpm, (checked at intervals with
the tachometer) for 30 minutes and the height of the
red cell column is read from the graduations on the
tube. The reading should be nade of the height of
the red cells only and should not include the "buffy
coat® above theu., Centrifugation is continued for £
another 15 minutes inorder to be sure that complete

packing of the cells has been obtained.

. Precautions-~
It is important that the centrifugal force,

anc, ot Zzcvessarily the rpun, to uniform from one
run to the next. This is dependent upon the radius

of the centrifugal head and the speed,

Calculations -
If the tube is filled exactly to the 100 mark:

Height of packed cells x 100 = per cent red
cell volume.

If the tube is not filled exactly to the 100 mark:

Eg&ght of_packed cells x
Height of total blood column

= Percent red

cell volume.



APPENDIX .

FORTNIGHTLY HEIGHT RECORD OF THE FOUR
GROUPS OF CHILDREN OVER
THE STUDY PERIOD



9°L6 g6 L6 2°L8 348  0°L6  0°L8 0°46 6°96 9°96 £°98 T°%6 0°96 12
g°6¥T  S°8¥T T°BYT  6°LIT  9°L¥T  S°RYT  O0°L¥T  8°9%T  9°9¥T  9°9%T ¥ 9T O0°93T  0°9N ‘02
e°eTT  ¥°8TT $°6TT  Q°GTT  2°6IT  2°STT  @°ATT  9°LIT 2°LTT €°9TT  6°9TT 9°9TT  9»°s1l 6T
6°TST  8°TgT L°TST  S°IST  @°TIST  e°TST  6°08T  T°STT  @°2TT  9°3TT  %°2TT 0°2T1T  0°317T g7
6°TST  8°IsT L°TST  9°TST  @°IST S°TST 6°0ST  @°0ST S°OST T°0ST 6°62T .°62T  9°6a1 LT
9°6TT  9°6TT 9°6IT Q°6TT  2°6TT T°6TT T°6TT  O0°6TT 8°9TT 9°6TT ¥°STT @°8IT  2°611 9T
°WT 29 0°WeT  $°63T  G°S2T £°S3T 0°S3T  6°2T  S°WT  £°22T  T°WT 0°22T  0°2 *q1
L°86 9°86 9°66 9°66 9°86 2°86  0°86 8°26 9°L6 ¥°L6 2.6 0°L6 0°L6 31
8°L0T  8°.0T 8°40T  8°20T  4°20T g°20T Q°Z0T  9°Z0T €°40T T°20T 8°90T 8°90T  §°901 qT
LWT LT L°¥IT  L°%TT  S°FTT  S°W¥TIT  S°3TT  T°HTT  8°STT  9°STT  8°2TT 8°3TT L°211 3T
2°20T  0°20T 0°20T 6°T0T 6°T0T §°T0T T°TOT  6°00T 8°00T G°00T 2°00T 0°00T  0°00% IT
T'RT  0°%2T 0°%3T  6°SZT  L°S3T  ¥°S3T  9°2ZT  L°T3T  ¥°T3T  6°03T 8°02T ¥°0T  ¥°031 ‘ot
2°80T  2°S0T 2°60T  T°90T  0°80T 6°Z0T 2°Z0T  G°L0T 3°Z0T 8°80T 6°90T 9°9CT  §°90T )
9°9TT  9°9TT G°OTT  8°STT  8°STT  8°9TT  S°STT  0°9TT  8°%TT  S°¥IT  I°¥T O°WT  O°¥Y ]
T°STT  8°%TT 6°BTT  L°FIT  L°HIT  @°STT  2°5TT  2°%TT  2°HTT  O°WIT  O°STT 9°STT  9°8T1 ‘L
8°62T  68°827 8°92T 2°62T  9°42T T°.2T 8°9¥T  B°93T ©°93T 2°ST L°98T L°WRT 49T 9
0°220T  8°%0T 8°90T  £°90T  .4°90T €°90T §°90T 0°9°0T 0°90T €°S0T  $3°OT 2°90T  2°90r g
2 3°v6 298 3°9%8 0°¥6 6°c6  6°s6 8°gé  8°26 8°gs8 9°S6 2°S6 0°g6 ¥
9°86 2°66 3°86 0°86 0°66 6°.8 L°L6 g °L6 9°L6 ¥°L6 0°26 0°L6 o°L6 ‘g
3°88 ¥°66 ¥°86 3°86 088 6°L6 8°46 8°L6 8°L8 §°96 6°%6 8°¥6 8°¥6 3
L°L0T  2°L0T 9°20T  9°20T  9°L0T 8°80T ©°90T G°9CT 2°90T T°90T 6°S0T 9°COT  ¢°SOT T
T a3 T ot 6 8 L 9 ) y g 3 4
sIeqewijued Ul YBToA
.8.“

qyBTusIog Uy poTIed

Ty dnOuD NI N HCTIHD JO0 QUOOTW IHCISH



ELELEE

Qﬂlﬂ.‘ﬂNUOOO.ﬁn

g°92T 3°82T 6°SeT 6°S2T 9°IWT 9°SCT 9°SeT S°SeT ¢8°92T 0°s3T
9t $°RT 6°TeT L°I3T 9°1eT P°IeT  2°TST  8°02T 8°0IT Q0T
8°80T 8°80T 9°80T 8°80T S°80T T°60T 8°10T 9°Z0T ¥%°L0T 0T
eIt £°¥IT  O°%TT 8°STT  9°STT g°gTT ¢g°CIT 9°STT g°'STT 38114
S°¥IT €°9IT  O°%TT  O°%IT 8°STT g°SIT O0°STT 8°2TT ¥°2IT (194
311 L°9TT 6°STT 8°9IT 6°sTT L°9TT  8°2TT  L°2IT ¢e°3MT 0°eTT
0°aTT 8°9TT 8°9TT 9°9TT ¥°9T1 Z2°OTT  8°STT 6°9TT L°eTT 0°sTT
) 44 C°¥TT  68°STT  L°STT  L°STT L°STT  ¢°gTT  ¥°STIT ¥°¢TT 0°sTT
2°¥1T S°PIT £°%TT  2Z2°9TT 8°STT P°ETT  6° ZTT L4°2TT ¢°2TT 02Tt

0°wT 8°e€eT 9°#eT g°seT 8°%T 8°22T 9°%T 9°¢qT 9°eT 0°23et
0°8TT 0°6TT  B°LTT 8°LIT 9°.iTT 2°LTT  6°9TT  L°9TT 2°9T1 0°eTT
082 8°42T 6°WT L'WT ¥°'®T 0°92T 6°WT L°9TT Z°9wT 0°setT
8°90T . L°90T $°90T %80T 9°90T 6°¢0T ©°30T 4°S0T 2°SOT 6°y0T
0°90T 6°80T 6°S0T L°90T 9°S0T ¢°e0T 6°%0T

9°%0T ¥°%0T 0°%0T

19 T 8°TIT ¢°ITT 6°0TT 4°0TT g°OTT T'UBT 6°60T 6°60T 9°60T
‘T 6°0tt B°OTT 3°OTT 6°60T 68°60T 4°60T ¢°60T T°60T 2S°60T 0°60t
°* OIT 6°60T 6°60T L°80T 9°60T Z°60T ¢'60T 6°80T 9°80T g°8(T 0°80T
°se 8°96 8°%6 9°%8 3°%6 2°v8 8°ge S°g6 3°s8 @°28 8°¢6
0T $°S0T 8°%T 9°SOT 9°g0T 9°s0OT 2°C0T 6°20T 6°30T 4°20T §°20T
*g6 $°96 g°98 T°96 0°g6 0°g6 0°:8 6°ve 8°s8 g9°¥6 £°ve
‘86 8°86 8°86 ¥°86 $°86 0°s6 8°L8 9°46 0°L6 8°986 0°96
113 ot 6 8 A 9 S L4 9 4 T

sleyewyiued uy YIS -~ JUSTUII0g Ul poyded

&y JnO¥DH NI NIUQTIRD 40 THOOF IHOISH



a'set 0°set 0°S2T é*wet 8°¥eT L°¥3T S°¥eT e°wT T°9ET 8°S3T  L°S3T 8°sqT 0°geT *1e
3°LT o2t 0°42T <0°L2T 8T ¥°98T 3°9IT 0°93T 6°93T L°S2T  ¥°9RT 8°93T 0°RT ‘08
(g1 49 8°8yt 8°6T 2°89T 9°6%T 0°S¥T 8°89T B°L¥T YOLYT  ZUULYT 8°9%T 9°99T 0°9yT .18
8°¥2t 8°vl 8°¥T 3t <4 PRI L°WT 0°%3T  L°SeT $°q2T 2°83T 08T B8°:|T 8°a2T ‘st
6°90T 6°80T 8°90T $*90T $°90T ¢°90T T°90T ¢°SOT 2°90T  0°80T  9°9%0T 2°%0T 0°¥0T A
$°60T A )¢ ¥°eo0t T°60T 8°90T 2°80T 0°80T 9°20T P°LOT  2°L0T 0°L0T 8°90T 8°90T ‘ST
$°9TT 3811 2811 &Nt 6°¢TT 9°91T ¢°9IT ¢°STT S°STT  8°¥IT  ¢°9TT 2°y11 0°¥iT ‘ST
8°917 8°9T1 2°91T 9°91T 9°9TT 2° WIT ©°9IT 8°SIT 8°STT $£°9TT 2°STT 6&°y11 81T ‘5
o°ett - 34141 8°81T 6°811 L°8TT  8°8TT O°STT 8°LTT 9°LIT  2°LTT  6°91T L°9TT 0°9tT et
T1°93T 0°93T 0°92T 8°WT 8°%T  9°PT  T°WT 0°¥WT 6°¢2T L°s2T 9°¢3T 2°seT 0°get ST
8°8Tt 8° vt L 8T L°O0T B°8TT  #°61T g°8TT 2°8IT 8°LTT  S°LTIYT  2°LTT L'OTY L°9TT °IT
0°0TT 8°60T 8°60T 4°60T 4°80T P°80T @°80T L°80T g°80T £°80T T°80T @°L0T L°L0T ‘ot
g2°86 £°66 2°88 2°86 0°86 0°86 8°L6 9°48 0°46 8°96 9°96 ¥°96 0°98 ‘e
S ¥IT t 28 43 2% 21 ' 28 134 2°9IT  2°9IT  e°eIT  0°¢1T 8°2TT  ¥°2TT  0°2TT 8°IIT 81Tt ‘8
9°S0T $°g01 2°90T 0°90T 0°90T 8°VOT 9°%0T $°¥0T B°0T 23°%WT T°WT 0°%01 0°%0T °L
¥°68 ¥°66 ?°68 »°66 a°68 T°68 9°86 y°86 '8 8°L6 9°L8 ¥°.6 2°96 °9
8°00T 8°00T 8°00t 8°00T 4°00T .4°00T $°00T S°00T ge*00T Z°0UT 00T  T°OCT 0°ée ‘s
0°ve 8°geé 8°s6 8°g6 8°s6 ¥°cé 4°28 9°36 g°ge g°26 7°26 8°T6 8°'16 °y
£°40T £°L0T 2 L0t €°90T 9°900T ©°90T 8°S0T 9°90T 8°% 0T 9°%0T ¥°¥WT 2°%0T Q0°¥0T °Q
9°v6 e°ve L 28 4] 2°v6 0°%6 0°cé 8°g6 8°s6 9°cé 9°g6 ¥°¢6 2°g6 0°ge it
9°T0T 9°T0T 9°T0T 9°T0T 9°T0T 9°T0T T°0T ¥%*101 ¥TI0T  2°TOT  2°TOT &°00T 9°00T ‘T
ST (419 11 ot 6 8 é 9 S L4 g ¢ T

.°z.m

siejeyqquen Ut JySTeH -

quB U0 UT poTxed

S9 JnO¥D FUCITHO 20 QIODTM IRDYTH



LTt

9°e1IT

9°21T

¥°TT

0°ett

8°TIT

e°TIT

9°TTT

S°ITT

T

21T

0°'TTT

0°TTT

T°98T 8°seT 6°sst L4°¢8T S°cST ©°cST 6°28T 9°28T g°2CT g°2eT CAIT 6°TIST L°TST ‘02
gesT 3*eet 6°1sT 4°18T S°TST £°TeT 2°IeT O°IeT 6°0ST 6°0ST L°0RT S°0ST £°08T ‘et
00°set 6°¥2t 8°RT 8°:RT 9°WT £°¥ST  6°SeT  L°geT ¥°S3T T°geT  e°|WT LT g et ‘8T
e°0eT 0°0eT 862t 6°6aT 6°62T §°6eT 8°6eT L°6RT S°62T S°63T §£°62T T 62T 6°s2T 4T
L°2TT L2 9°eIT 8Tt 9°2TT 9°TT g°2TT g°2IT T°CIT  6°TIT  L4°TIT S°TIT -3 114 ‘9T
g st g°s2t 0°s2T 8°%T 8°%WT 9°%T 9°¥T 9°WT S°WT £°%T £°WT 2°WT 2°%T °sT
r 38 41 T°91T 0°%T1 8°cTT g°eIT e°tTT  T°STT  T°eTT 0°STT  6°2TT  2°2TT g1 g2t ‘T
g°60T 8°60T ¥°60T 1°60T 6°80T 4°80T 9°80T g°60T T°80T 6°L0T 4°20T g°LOT g°L0T ST
9°40T g°40T y L0t 2°L0T 0°40T 0©0°0T 8°90T ¢°90T 90T £°90T €°90T T°90T 0°90T ‘2T
T°8TT T°91T L 191 6°%IT L°WIT  L°WIT  Q°%TT  ZE°¥IT T°9TT  6°STT  L°STT »°STT T°STT 1
& 021 ot 0°02T 0°03T 0°03T L°6TT S°6IT 2°6TT 6°8TT L°BTT 9°BTT ¢°8TT T°8TT ‘ot
6°2TT 8°3TT 8°2TT 8°eTt 9°2TT ¢°CTT Q8°CTT §°*elT g€°eTT  0°2TT Q°TIT 9°TIT $°0TT ‘6
g°eet o°eet 0°23at o°%1 8° TeT 9°T2T #»°I2T 2°TeT 6°02T L°03T S°03T TPORT o°&RT ‘g
$°20T g°20T y°201 93°0T $°20T 8°20T 2°20T °10T 8°TOT 9°TOT  P°T0T 2°T0T 0°80T ‘L
0°0TT 6°601 8°60T 8°60t 6°60T L°60T L°60T ¢°60T 3°60T 2°60T 0°6gT 8°8CT 9°80T ‘9
8°%0T 9°¥0T 9°%0T g°%0T S°P0T S°%0T  T°%T O0°%T 6°s0T 4°S0T 9°¢OT 9°€0T g8°g0T ‘e
6°v8 6°v6 6°v6 L°%8 L°76 S°98 g°96 £°%6 1°96 8°gé L°s6 L°g6 g°geé Y
g°68 3°66 &°6é8 e°68 1°66 0°66 9°L6 ¥°L6 3°46 1°L6 0°46 8°98 8°08 e
c°68 g°eé 8°68 2°66 T°66 0°66 e°se 4°68 4°88 g°86 ¥°86 3°66 0°gé 4
8°¢cotT 8°20T 9°201 9°e0t 9°20T §°2CT Ss°20T £°201 g°20T 6°T0T  6°T0T e°T0T 8°T0T T
ST et 118 ot ] 8 A 9 S ¥ € ¢ T
.on.m

SI030WTIRe0 UT GBT6H = JqBTUIOS W} polded

O dNO¥D'NI N UQTIRD SABOOTY IHDIEH



APPENDIX -1y

FORTNIGHTLY WEIGHT RECORD OF THE
FOUR GROUPS OF CHILDREN
OVER THE STUDY

PERIOD



T8°9¢ Tg°0¢ ) 60°%S 2L°S 08°cS 08°cE B2°SS 06728 49°28 TO°2s 4L¥'IE 3€°1S 12
80°6T 80° 61 80°61 gr°el 8T°8T 8T°6T B6°LT 86°4T 068°LT ¢8°LT S4°LT S¥P°LT L3°LY *0e
18°9T  ¥8°9T 9¢°9T g9°sT €9°ST 60°ST 60°ST 00°9T S%°ST S¥°8T S¥°ST S¥°ST  S¥°st *6T
18°9¢ 18°9¢ 8T°9¢ 18°82 08°92 00°82 00°S2 60°¥2 60°¥e 60°¥e 60°¥e 60°¥c 60°%c ‘st
08°02 Sv°0c s¥°02 08 6t §6°6T 80°0c 60°02 00°0Z 68°6T 68°6T S§9°6T 60°6T 60°6T1 A
08°02 2 A% gy o2 98°6T T8°6T $68°6T 96°GT §6°6GT 0G°6T ¥8°6T 89°6T OQ°ET 86T ‘ot
g9°sT £9°¢T 00°¢T gL°et 2L 2T 2L°CT BL°IT BL°eT S¥°2T 2T°2T €6°TIT S8°IT O08°IT ST
81°8¢ 8187 8Y°8T 3TLT ZT°LT ST LT 06°9T 00°LT O0°LT ¥8°9T 68°9T 4L.i°9T T8°9T ‘5T
e1°8t L 9"} § qL°LT LL°9T LL°9T LL°9T LL°ST LL°9T OL°ST L19°9T 68°9T £3°9T 06°ST °sT
00°sT 00°ST 8T°T 69°ST 99°ST 69°ST ¥S°9T ¥S°¥T O0S°IT SP°¥l 68°ST BL°ST  89°¢T 2T
00°02 aL et 60°6T ST &1 60°6T €0°6T B0°6T 8L°6T DOT°ST O6°LT ¥9°LT OR°LT LT°ST 9!
18°9T  T6°9T 8T°et 18°ST 8L°ST 2L°ST 89°ST 85°ST ﬂM ST 08°ST 69°9T 9%°ST  9¥9°ST ‘ot
0802 ¥5°02 ¥s°02 66°61 66°6T 66°6T 66°6T ¥3°ST 95°6T S¥°ST 6£°6T SI°6T SI°ST ‘8
¥3°81 $9°61 60°61 19801 gT°8T 6T°6T 8T°8T 61°8T m.n—.od qL°LT BL°LT @L°9T  08°ST L)
T 74 gL°ee 3L $T°¢e 60°22 08°12 08°Te T8°T2 PL°Te €8°T2 T6°C2 08°CC 08°Ce °L
L°LT 18°9T 18°9T sy ¢¥°ST S¥°ST 09°ST 0S°ST DI°ST L¥°ST L¥°ST L¥P°ST  G¥°SY ‘s
g9°s7 g9°8T £9°8T gL°et 9¥°2T SP°2T SP° T 9%°2T 0£°2T 08°2T O0B°TT TIB°TT 1i8°1Y ]
oo°gt 00°ST 86°91 T4°ST 0L°ST 89°ST 69°ST T9°ST 89°ET 89°ST 99°ST £9°2T £9°ST ‘y
80°¥T 60°¥1 S¥°sT 63°2t 62°3T 68°2T 00°eT 06°TT 98°TT 68°1T 28°TT O08°TT 18°TT ‘s
00°ST 00°S¥ o° S9°sT g9°ST ¥9°¢T $8°ST 95°ST TQ°ST 6¥°eT S¥°QT S¥P°eT  9¥°sl 2
08°3T 06°ST 06%ST $C°QT ¥3°qT 99°9T S¥°ST S¥°ST 00°ST S9°9¥T G9°¥T 60°¥T 60°%T ‘T
s1 13 113 ot~ 6”8 & 9 g ¥ g ) T ‘o ‘g

szex8 OTIY UT JYSTeM

9yBTuRI0d UY poTIed

Ty ancw NI NEQIIHD 40 GQUOOTY IHOTEM



60°¥2 £9°€2 6T°Se

8T°s2 Te°22 18°23¢ Te°%R L2°33 L3°32 Fradr V7 347 42°32 /-3 12
£0°€2 BT°C2 08°2c 98°sc 668°22 ®K'w e6°T2 62°12 9c°12 9g°T2 88°12 9c T2 98° T2 ‘02
T8°9T TS°9T I8°9T S¥P°97 <¥°oT gy°ot Sy 91 9v°91 g¥°9T gy ot ov°oT eg°9T o8 °9T *6T .
00°02 00°02 9S°6T 0C°6T 8T°61 81°8T 8T°8t 3Lt 32411 32 LT 8L 08°9T 98 °9T *§T
£9°6T BT°8T €9°AT 0C°LT Zl°9OT 4L°9T oe°9T 00°9T 00°91 08°gT 06°9T 06°ST 08°¢T (A
08°9T 06°9T T8°9T T8°9T T8°9T g9°sT g9°8T 09T 00°*9T QL°ST 94°SY e0°*ST e¥y°ST ‘9T
80°6T T8°6T 89°8T O0£°LT Cg°.iT 08°LT 0c°41 8T°8T 8181 8T°8T 81°8sT 08°4T L2°LT *ST
08°9T 06°9T 08°9T T8°9T T8°9T 68°91 00°LT 00°4T 08°9T 06°9T 06°9T 8L°9T 9L°9T 3T
$9°68T 8B°8T $9°BT  BL°LT EL°'T  32°L1 gLLt 8S°4LT 8S°LT 20°LT 0gLT r I 000A o 08°LT °ST
00°08 00°02 00°02 00°02 ©C°6T 60°6T T0°6T 80° 61 66°8T 08°87 S4°8T £9°8T £9°8T 2T
8%°02 99°0¢ 24°6T @0°6T g8°6l 28°8T g8°8T €887 r TA41 3L°8T $9°6T g9°86T £9°6eT It
L3 L3°22 TB°T2 (o°TE  L9°T2 8912 s 12 18°12 18°12 g0°12 $0°12 16°02 00°02 ot
~ 60°%T 60°FT 80°¥T Y8°GT 99°ST 89°cT 89°91 €9°ST eL°et L't Lt gL et ‘8
- S¥°ST 00°ST 00°ST o¥°ST  S¥°ST 99°sT 00°ST 238 2¢ 2 hd 2% ¥2°3T T8°9T 00°ST gPST °8
T8 9T 98°9T S4°ST O00°ST  08°yT 0L'T | -0 4 9T SP*»T S°3T ¥3°yT 8°3T 39T °L
' §9°69 §T°8T TB°LT 00°LT  Li°9T 4L°9T S%° 9T 9%°91 Sy°oT S¥*9T S¥°9T 02 °9T 0g°9Y ‘9
£9°8T ST°8T T8°LT O0£°2T 0£°.iT (e A ¢ 08° 41 [+ 32 8 00°4LT LL°9T 89°9T 86°9T 08°gy °g
60°¥T @O°¥T CL°ST  24°ST  3L°ST  3L°ST ¥.°ST 99°RT 8L°2T i JAEA ¢ 5 A1 ¢ areey &TET °y
- 60°YT GO°¥F 60°¥T T8°ST Te°sT ¥8°¢T 69°gT 89°sT 69°ST 2 281 ¢ 82°ST 8T°st 8T°ST °g
80°»T 60°»T TB°ST 69°ST SO°¥ 69°ST 69°ST $9°¢CT g9'sT 2L°3T ey 21 eieT 3T°¢T 2
99%°ST 00°ST 8T°¥T $9°ST  99°ST $9°ST g9°ST 80°¥1 80°¥T 69°¢cT 69°ST 89°sT 89°ST )
ST 3T T ot ] 8 ] 9 S 4 < r T ‘oN°‘g
swmil OTTY UT MIToN
99810910 Uy potIed
P

€y an0¥D NI NY@TTHD 40 QuUODTH IHDIEM



08°GZ ¥9°¥2 ¥9°¥C 00°Se gO°%C  89°%2 £9°¥C  9E°¥2 | [ 7 00°P2  08°SZ  ¥9°SZ  P9°S2 12
TS°6T T8°6T QI°6T 8I°6T eT°6T  §T°6T 6T°6T 6T°67 ST 6T 60°6T 60°6T  60°6T  680°6T *02
Te°cg T8°SE HO°BE  60°IE 60°%c  60°¥s 88°sc 3IT°sE Ly s L2°8¢ 98°T¢  BS°Tg  98°IS *8T
8T°2% L', £2°] S22 T8°Te  T8°T2 6¢°Te 62°Te 92 02 86°6T gp°D2Z  98°T¢  98°T2 i
g¥°ST O00°ST 80°9T 80°9T 80°9T  00°9T g6°CT 68°ST 8L°sT $9°ST ¢€8°9T  82°ST  00°ST LT
$O°CT £9°ST SL°2T 9L°2T §L°2T  QL'IT QLT SL°TT 9L 2T QL°2T SL°2T  8L4°2T  s4°F ‘91
g9°6T €9°6T SI°ST ST°6T QT°8T  ST*6T 00°ST #L°4LT [ A 00°LT 00°AT  88°9T  T8°9T °qT
¥8°TC T8°¥W 0L 0£°32 0g°22  08°% 92°TZ 99 TR 99°12 08°T2 60°Tz  00°02  00°C2 o 3¢
93°6T 9%2°6T 60°6T 60°6T 60°6T  00°6T ©S°8T 8T°8T 81°8T 6T°6T BT°8T  06°LT  82°41 °gT
gT 0z 9T°02 96°6T 96°61 96°6T 98°6T 9£°6T Sg°8T 9L° 6T 8T°ST 6T°6T  BI°8T  6T°sT 2T
60°02 S¥°6T 60°6T 60°6T 60°6T  60°6T 60°6T 60°6T 60°61 60°6T 60°6T  80°6T  60°9T 1T
TE°ST T6°9T IS°9T ¢€¥°91 0C°ST  00°9T S¥Y°ST  S¥°qT 60°sT 06°¥T GL°¥T  0S°¥T  OL°¥T ot
g9°ST 00°ST  69°¥T 69°%T 69°9T  69°%T 69°¥T 69°¥1 69°%T 69°%T 69°%T  0S°*¥T  60°T 8
g¥°03 99°02 60°02 94°6T 60°6T  60°6T 60°6T 60°6T 60°sT 8T°6T TS'ST  T8°6T  T9°ST ‘8
2L°LT BL°LT  L8°9T  OC°iT 0C°LT  O0C°LT  00°LY 26°9T 48°91 L6°9T S0°9T  LL°9T  LL°ST ‘L
8L°ST 3L°2T O¥'IT  T8°T1T 00°2T  3T°2T 60°ST 99°ST LSt 8L°2T 68°TT  98°IT  8°TT °9
88°LT 2L°LT OB°LT 08°LT 0£°LT  00°LT CO0°LT  SL°0T 8L°9T 9g°9T §6°ST  06°ST  06°ST °q
gL°2T 0B°TT 06°TT Sp°IT SYIT  99°TT  S¥°TT  OF°1T 03°¢T 02°IT  02°TT  92°TT  9:°TT °y
O¥°ST S%°ST  #8°%T  SS°¥%T 80°ST  99°¢T ©99°ST 69°ST 69°cT 6¥°ST 69°ST  S¥°ST  S¥°ST °s
Q9°ST 69°ST  9¥°ST  S¥°ST 62°ST  08°ST ¢9°ST 99°CT 60°¢T 96°2T 89°2T  S¥°ST L2t 2
00°ST ¥S°¥T 9P°»T  g¥°¥T T°¥T  60°%T 60°¥T 60°¥T 86°sT 8L°ST  L2°ST  eg°ST  80°ST T

eT - 2T 11 (0] ¢ 6 8 i ] ] 7 ¢ 2 T oN‘S

SwedsS oYTTY Uyl Jubyep
W TuI0] UT polaed
—

$¥ JnowdH NT NINAQTIHO JO @UOOTH IHOTEM



BT ST 2L1°2T  2L°2T  S¥°3T  S¥°2T  9¥°23T §9°2T 99°3T  ¥6°2T 60°ST 00°ST  OC°ST  6I°gT ‘8
SL°LT 3L°LT 60°LT  SS°9T  ©8°9T  6%°9T ¥S°9T £8°9T  g4°ST T8°9T 84°9T  08°9T  08°97 -
£9°SS 29°CC  S9°2C  ¥S°IS  PSUWE ¥S¥S 02°W PI°%E  00°9S TE°cS PL°SS  TL'SE  ¥O°SS 6T
8T°Se SI°SZT 3L°B  92°¥C  SI°W  60°¥ §6°92 ¥8°c2 9L°€2 20°S2  e¥'se WSz WI'Se °8T
9C°92 9£°92 00°92 W¥°S2  TI°S2  TI8'R  TS°MW ¥%°¥ 00°%1e ¥8°ce 9s°ce¥  92°cZ  SI°Se A
2L°LT 2L°LT 60°LT  ¥9°9T  89°9T  88°9T 09°9T ge°9T  LT°9T 6L°9T ST°ST  T8°9T  T8°9T *9oT
80°6T 60°6T %9°6T  ©T°ST  6T°8T  QT°6T LT°ST LT°8T  LT°8T 9T°ST 9T°8T  9T°6T  6T°8T °qT
T8°12 T8°T2 62°T3  68°Tz 82°12  6S°Tc L£°T3 18°T2  18°T2 9g°TZ ¥°T2  9L°TZ  98°TZ 3T
9£°0T 42°9T T8°ST  SP°ST  ¥9°ST  2¥°ST  8£°ST 6S°ST  gg°eT ¥2°ST  8S°ST  60°ST  OC°9T °sT
TE°OT L3°LT L2°LT  BL°9T  LL°9T  SL°9T 69°9T ¥0°9T 99°9T 89°9T 98°9T  92°9T  99°0T 3T
06°9T O00°LT S¥°AT  92°8T  ST°ST  OT°ST W¥B°Ll pLoLT 39°LT TPLT  SE°LT L3°LT L2°UT 1T
80°6T 99°6T 98°6T  ©6°8T 00°6T  00°6T §6°8T 08°6T 9L°6T 99°8T ©9°6T  99°8T  g9°6T 0T
00°CZ £S°6T ©6T°6T  88°8T  88°ST  68°8T $6°8T 88°8T ©88°6T 88°8T ©8°6T  g6°ST  60°6T ‘6
3L°BT 24°8T 3L°8T  8I°ST  LI'ST  TIST 06°LT 86°LT 88°LT 6L°LT €9°4T  2¥°LT  08°LT ‘g
L3°82 183z l3¥'T 88°Te Iz 8v°0z L8°02 T°02  60°02 0T°02 TE°02  T€°02  %0°C3 'L
L3°LT TB°ST ¥¥°ST  #¥°ST  #¥°ST W°ST  ¥9°9T 2¥°ST ST S¥°ST  29°ST  S¥°ST  9¥°sl °9
SL°LT BL°LT  BL°LT  08°9T  BB°ST  86°ST  $6°ST 68°ST 98°ST $8°ST ¥6°ST  06°ST  08°ST ‘e
8T°ST BT°ST BT°ST  op°2T  o¥°2T  S¥‘2T ¢g°2T L8°2T  08°2T 22°2T 00°2T  86°IT  T8°1T ¥y
GS°¥T 6C°IT 06°ST  99°ST  €9°ST  99°ST  ST°¢T 3L°2T 882y $6°2T ST°ST  ST°ST  gT°¢T s
60°ST O00°ST TL°ST  89°ST  TL°ST  TL°ST  $9°ST ge°ST  9g°ST ¥¥°cT  82°¢T  02°ST  ST°cT 2
$9°9T 9£°9T 06°ST  ¥S°¥T  ¥6°%T  G2°ST  S¥°ST 00°ST  68°3T 62°%T 80°¥T  60°¥T  60°¥T M §
ST 2T 1T o1 8 8 i ) S y S 3 T
oWeJ3 OTTY UT 3ySTem
Oonm

WETUIO0] UT potaed

0 dnO¥D NI RIUQ7IAD J0 QHOOTY IHOIEM



APPENDIX .V

FORTNIGHTLY HAEMOGLOBIN VALUES OF THE FOUR
GROUPS OF
CHILDREN OVER THE STUDY PERIOD



¥328T g1°st ar°el 83°sT S2°eT gB°ST  60°ST  60°ST 00°cT 26°3T 06°3T &8°<l o°et °Te
T8°1T S2°1T gy 1T 60°TT g4°0T 98°0T 38°6 s9°6 39 °6 gg8°6 T0°6 ¥6°8 8°6 *02
g et L1 9F 19 06°TT S8°1T 6%°TT S8°TT 2T°TT  80°TT 96°0T 06°0T 8L°0T T2°01 1 8 ‘6T
g8°eT g8°ct £9°21 F488 49 99°TT 90°TT 93°TT 68°CT 69°0T 99°CT 2¥°0T g2°0T o°ot -1
8°8T SY°sT 60°<T €8°¢t e¥°gT Q82T ¥I°CT  3T°<CT 88°TT 99°TT £8°TT 80°TT 8°0t L
40°2T 9L°TT 6°1T ¢8° 1T Ly°TT  96°0T 6%°0T 4i¥°0T 1£°0T 09°01 T°0T »9°0T ) ¢ *et
1230 »r ¢0°TT LS°0T $S°0T LI®OT  %T°0T 06°C 48°6 8s°e £5°6 €96 0’6 ‘at
901 01 98°6 0g°6 g3°6  T0°6 00°6 ¥6°8 98°8 alL°s dl°s L9°s o°e ¥t
evat Te°et ¥°1T 8S°1T O°TT  L¥°IT  60°TT 08°0T T9°0T  #°0T »1°0T e6°8 (300} ¢ ‘ST
12381 L0°TY 88°01 £9°0T 8p°0T  L9°0T 6I1°CT 61°0T 89°6 e9°6 #5°6 8°s 0°01 K4
L 1l W0°TT 9.°0T £4°0T ¢P°0T ¢2°0T OT°0T 2li°6 €8s g2°6 o1°6 <ce‘e 0’6 T
60°cT £L°T7 #1117 6¥° 1t €011  gL°0T SJy*Or 82°01 92°0T SL°6 g4°6 29°6 00°0T °oT
8’1t 81T £S°1T s$S°TT 8.°0T 4S°OT #8°0T L2°0T 40°CT  00°0T  L0°0T T8°6 8°0t ]
68°6 T2°6 L8°6 8¥%°6 9s°6 62°6 2’8 60°6 06°8 9L°8 69°C 69°8 s '8
£0°TT 88°01 6%°01 96°6 99°6 £5°6 £23°6 £2°6 41°6 g0°6 96°8 8.°8 0°6 °L
89°01 g8°07 16°6 48°6 s¥°e T1°6 88°8 96-8 0g°e ¥.°8 19°8 19°8 v°8 ‘9
60°¢ 60°6 86°c 68°6 0e°e 8.°8 49°8 48°8 es°s 8g°e s1°8  98°L L°L ‘s
99°T1 0s°11 oyt 98°TT ST°IT 68°OT 28°0T T9°OT 19°0T O¥°0T 62°0T sp°OT 418 ‘Y
§6°C1 86°01 g9°01 $9°0T gy°0T 60°CT 96°6 €8°6 ¥L°€ s¥°6  0£°6 96°8 y°6 ‘s
r 1944} $8°6 9%°C 16°8 69°8 6v°8 ov°s 98°8 Gee 96°8 08°L sS4 ) *2
sy°ot | A9 48°0T os°CtT 28’8 29°6  Ti'e £9°C £9°6 0s°6 90°6 ¢8°8 2’6 ‘T
£T a1 T ot 6 8 4 "] S ¥ 4 r T
Oomtm

queoded wsaS uygoTICWORH

= qETWMIC UT poTIed

T anouD NI NTEQITHD & SINVA NISOTOORIVE



vw

LY°ST Ta°sT or°sT £8°2T 8L°2T T9°3T TRET Ti°eT $6°TT  8L°TT  L9°TT S8°TT 1 *1e
89°¢T 82°eT 13°ST oTsY $0°ST €8°8T @L°eT  T9°2T $¥°ST  TBT 96°IT 99°TT 0°TT ‘08
oTeT TSy 1 k1Y £0°8T $8°1T 20°TT 99°0T ¢1°07 18°6 og° e 91°¢ 0C°e o] *6T
$O°ST g6°eT T2t gs°et 6g8°2T IT°TT 60°CT SL°TT P2°TT  6H°TIT  ST°TT L°CT C 1) 8 13
geer 60°2T 86°17 8L°1Y #8°IT SL°TT OI°IT  984°0T 02°0T O2°0T 00°0T %9°6 0°8 A
6T°sT 1948 »0°8T yecet 8.°TT 82°1T 88°0T §gS°(W T9°0T @8°6 g2°6 00°6 8°é ‘0T
T18°eT g6°E1 g¥ et 101 § PO°RT 88°¢T 94°3T T9°eT 92°2T ET°3T  8L°TT STV 9°et °sT
¥eet 89°81 or°etr 98°1T €%°TT  T6°0T 88°0T 48°CT £2°0T g6°6 9.°6 €9°6 o°ot s 43
€8°¢8T 68°2cT c¥°eT or°eT €8°TT 65°TT T2°ITT $6°0T 84°0T 99°CT 68°0T T3°0T ot ‘et
BT 66°2T 08°et ¢reet 0°2T TA°IT  99°TT  Q0°TT 06°0T T8°0T 60°0T 9A°6 o°ot 1
oe8°et g8°et et 88° Tt LL°TT  2¥°TT  60°TT  29°0% 90°0T T.°6 94°8  g2°6 ¢°8 ‘T
68°1T 68°11 8L°TT 99°1T €6°0T 94°0T Tg°0T g2°0T LL°6 9.°6 £9°6 8a°8 0°6 ‘0T
g2 1T or'n 8’07 ot gT°0T 6.°6 %8 04°8 £8°8 LB°L a9°s TT°% 08°2 *6
st AT°ST otreet 8L°TT 84°TT 4£°TT 6C°TT 84°0T 88°0T 99°0T 28°0T 83°6 0°0T ‘8
et a8°eT gT 2T £8°1T 04°TT 2e°TT €8°0T (2°0T 12°0T 18°6 T2°6 L3°8 g8°é ‘L
$8°ST qT°TT 88°¢cT 98°¢tT ¥2°2T 00°eT 96°TT TL°TT 9E°IT  L8°IT  AWU°TT 99°T1 0°gt 9
T68°1TT ¥6°11 62°1T e8°0% 8.°8 16°0T 96°6 28°6 T3°6 925’8 40°8  98°L o8’s ‘e
468°TT £6°1T It 80° 1Y S6°0T L4°CT 8%°0T g%°0O% T6°6 3L°6 é6°s  Ti'8 06 °y
g9°¢T et -7 AN Y 8¥° 11 30°TT 86°0T €6°0T 60°0T- 64°6 13°6 84’68 i9°8 0°é ‘s
08°et 88°2T 98°2T 9%°3T gP°IT  2B°TT  S9°TT eT°IT 00°TT €4°0T €9°0T 90°CT 0°Wt 4
96°¢t 98 2t g6°TT 48°TT $3°TT 88°0T L4°0T §S°0T g8°0T 99°0T 8-°0T T13°0T 1T T
14 (419 11 ot e 8 4 9 S 14 £ [ T
.om.m

queocded wald uwygoydomesy =

WITu0g Uy potaed

%9 anO¥T KT NTUATTHO 40 SMTYA NIVOTOOWAVE



46°TT L6°TT T8°TT 8°1T 9°IT L2°TT L2°TT TO°TT T6°0T 88°0T 98°0T £9°0T ¥y Ot *Te
6211 eT° 1T 80°TT 08°0T 9°0T 9%°0T 08°8 g8°6 eL'8 es°e 38°6 L2°6 0°8 ‘02
T0°eT L2t 98°¢T sT°eT 08°TT IS°TT £6°0T Ti°0T 98°0T $S°0T T2°0T L9°8 0°ot ‘et
68°2T gg et otr°et 6e° 1T 6S°IT ¢€°TT TO°TT 98°0T 48°0T 9L°0T Tg°0T OR°OT a°ot ‘8T
18°1T w°e*1 68°0T T18°01 ¥8°0T 6L°0T 09°0T ¥8°0T gv°0T ST°OT L0°0T 90°CT r Y] ¢ *LY
08°0T 8L°0T 44°0T ¥8°0T S.°0T 6L°0T 09°0T ¥S°OT 2¥°0T 92°0T 2T°0T sO°OT e°ot ‘9T
g6°2T 86°2T LL°3T 0s°et £¥°3T @T°2T 66°IT T6°TT 48°TT  SL°TT  SL°TT 89°1T 0°3T 1
39°TT 94°TT L°TT 69°1T OT°TT 28°0T is°6 6g°8 TI1°6 68’8 16°8 i8°S 9°8 ‘T
T23°1T £2°TT £6°0T 08°0t 8L°0T 0L°0T 9°0T &¥°0OT £T°0T TO0°0T T8°6 T1g°8 9°6 ‘ST
;LTI ge°1T 81°11 L8°01 Lv°01 T°0T ¢8°6 ev°6 988 T0°6 18°8 R9°8 2°s 2T
o*et 08°TT ¥8°TT 43°1T 6T°IT 02°TT 06°0T 6L°CT £9°0T L8°6 £¥°6 80°¢ 0°0t ‘T
ol ee° 1T 12°T1 00°TT T6°0T 96°0T £6°0T 06°0T 48°0T ¥B°0T 96°6 2L°6 0ot ‘0T
8L°TT Ly° Tt eT°11 sT°1T $0°TT ¢6°0T 99°0T 09°0T 0T 02°0T 66°6 8°6 9°0T ‘6
gg°eT 8T T3°8T 00°2T ST*ST QT°ST ge°3T 60°ct P6°IT  T6°TT S2°TT LL°1T 8°TT ‘s
36°1T £L°TT 61T 81T 2 TT T°TT g8°0T SL°07 o1 0T T6°8 ¢gli°6 ot '
¥6°0T £8°0: 08°0T 89°0T gy°0T  g6°6 g8°s 92°6 08°8 8.°8 T9°9 29°'s ¢°6 ‘9
ee°eT 64°2T 98°et 0s°2t 92T  ST°ET  98°TT  LL'TT $9°TT 99°TT Z8°TT 98°1T7 9°1T ‘s
Te°11 06°01 88°01 LL°0T 9¥°0T [e°0T 03°0T s8°F gg°6 gs°6 63°6 g2°6 ¥°e 'y
60°T1 18°0T LL°0T ¢L°0T £S°0T  #°0T  99°0T 99°0T 6%°0T (2°0T TO°0T 6°6 9°0T ‘s
88°0T 08°0t ég°01 ég°0t g2°0T 60°0T AL°8 L6 2L°8 6 g6°8 ¢eH°s o6 ‘3
36°TT S8°Tt TL°TT 89°TT T8°TT  PL°TT  OL°TT  9%°TT PE°TT CS°TT  Q0°TT ¥O°TT 9°0T ‘T
sT (1 1T ot 6 8 3 9 S L4 s e T
Qomcm

queoded ewsad ujqoTBomesy - UITUIOG WY polded

€y J00WD NI NTUCTIHO O SEMIVA NIOTOOKEVE



gs°ot 83°01 gT°0t TT°01 88°0T <S¥»°0T @9°0T 94°0T $4°0T gS°0T 9%°0T T9°OT 9°0T ‘T8
36°TT 02t TT°¢T 9g°eY £¥°2T Te°TT 60°T 2B°IT 8L°TT S9°TT 9¢¢°IT 00°TT o't *03
6L°TT 8L 1T 69°IT ) A L2°1T  T!R°'TT 660T 06°0T $8°0T 84°0T TL°0T 99°0OT 9°0T ‘et
§$°6 9s°8 6£°6 48°8 gg°6 i2°6 ST°6 gI°6 sT°8 18 se‘s 26°s 0°e S
29°6 v.°6 6.°6 88°6 ¥8°6 g6°6 s6°6 €0°0T g90°0T £1°0T ¢£I°0T TI°0T 0°0ot ‘ov
68°0T o) 2111 ¢ 0t or°ot 00°0T 68°6 TL°6 09°6 99°6 95°6 e8°6  12°8 0’8 °qT
¥.°6 08°6" 00°0t or°ot g6°e e $9°6 1 L] $2°6 01°6 00°6 06°6 0°6 ‘T
£5°0T ¥6° 0T $e°0t 9.°01 ¥8°0T 08°0T #2°0T 95°01 se°0T ge°e g8°é 29°6 0’8 °sT
8s° 0t qe ot oz°ot 101 - 86°6 28°8 9.6 84°6 29°6 e¥'¢ 9°¢ t K1}
08°01 26°0t S4°0T 8L°07 63°0T 8%°0T ¥°0T 01°0T 60°0T 96°6 86°6 88°6 8’6 1
$i°0t 8s°01 19°0T 99°01 e£°0T gT°0T 96°6 08°6 88°6 18°6 £6°0 T18°6 0°0t *ot
3L°TT 83°TT 82 1T STt 00°TT 88°0T T8°0T 3.4°0T T9°0T 99°0T &¥°0T S9°0T ot ‘e
2°TT 80°11 T0°TT 86°0T $6°0T T6°0T 98°0T ¢&8°0T €8°0T B84°0T €4°0T T9°OT 2°01 ‘s
88°0T Te°or 16°6 oL°8 6976 8s°6 99°6 88°6 8£°6 182°6 02°6 61°6 2°6 °L
| A 88°1T 8L°T1 1 20 ¢Y°1T  62°TT  8T°1IT ST°TT SI°TT 86°0T 86°0T ¥6°0T o't ‘?
sT°TT S$T°TT 0°TT 88°0T £6°0T 9L°CT 69°0T 89807 89°0T €¢°0T T19°0T T9°0T 9°0t °s
Lyt gs° 2T 3 A4 99°et gT°2T 61°eT §0°¢T 06°1T 68°TT 32e°TT 2B°TT 00°2T 0°eT °y
8s°et e1°ct STt 0°3T g6°TT 88°TT 98°1IT TL°TY g9°TT  TS°TT Q¥°IT TL°TT yo' 1t s
Tt 60°3T 9 26°TT ¢8°IT  2e°TT  SL°TT  08°TT SP°IT  9°TT  3L°IT  O°TT 0°TT ‘g
90°0T g0°0% ég°6 £9°8 g¥°é x°6 81°6 91°6 0z°6 0z°6 g1°6 60°6 0‘6 T
gt (43 LY ot 6 8 ) 9 | 1 4 S g T

.oa.m

queoiod mJ2 uTqQOTFOWIBRy ~ IITUIOg WY potIed

0 4ncurT RT NFUQTIRD 40 FNTVA NISOTOOWAVH



E iGmUP’ B

Initialy/. Final /. pifferences
1. 2 31 3
3. 21 24 3
3. 38 40 2
4. a7 F 14 0
3. 28 30 2
6. 26 27 ) §
7. 42 43 ) §
8. » K:} 1
o, 3s 36 ] 1
10, 28 2 1
GROUP - €
Initial 7. Final 7. D fference
1. 32 33  §
2. 26 27 ) §
3. 31 34 3
4, 23 26 3
S. 26 26 0
6. 1?7 20 3
7 24 as 1
8. F ¢4 30 3
9. 18 a2 4
10. 30 2 3




APPENDIX -V

INITIAL ANDDFINAL PACK CELL WOLUMES OF THE

PACK CELL VOLUME . SUBJECTS
GROUP El
Initial Final DAff rence
1, 3I5% 40% $
2, 21% 24% 3
3¢ 29% 32% 3
4 25% 289 3
8. 23% 25% 2
6. 28% 29% 1
T. 2% 30% 3
8. 22% 25% 3
9., 26% 27% 1
10, 21% 23% 2
GROUP 33
Initial 7 Final / Dif ference
1. 25 3 6
2, 33 37 8
3, 30 36 $
4. 28 32 4
S 21 26 $
6. 37 41 4
7. 22 26 4
8., 23 28 -
0. 21 a4 3
10 29 32 3




APPRADIX VUi
KYPOr RRSIS

4 It 4s hypothesised that there will be neo
sigaifiean difference in inerease ian haemoglodin levels
of childrea recuring the Home Diet, Basal diet, diet
supplemented with Amaranthus fleurs, a diet supplemeanted

with an iroa tonie 'Colliron’.

I1 It 1s hypothesigsed that there will be nc sigaificant
difference in inerease in height and veight betveen
the children consuming the Home dbt, Basal diet, and

the amaranthus or iron tonie supplemented diets,

IIX There will be no sigaificant difference in
inerease in the Pack éell volume, (P.C.V.) and Red

Cell Coconut (RBC Coenut) betweea the ehildren eonsuming,

the Home diet, the Basal diet, rnd the Amaranth or

Iron tonic supplemented diets, '

IV Test=zparaneters: /L- -/&, the difference betveen the
1 2
nunber of saler for population I amd populatiea II

2. !ozl‘-ol"z = 0
- nia‘l‘i%z = e

4, If Ho 1s not rejected, it vill be accepted
s. o = 0,08
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APPENBIX. Vil

DETAILS OF STATISPIGAL ANALYSIS GCALGULAy
TION OF 't' VALUES FOR GROUP TO GROUP CONP-
ARISON

't ' values were calsulated by using the following

formula,
: . 2
.1 + '2
a -1

Where ;1 and i'z are the mean wlues for the comparable
groups and nf and o} ame the variances and n is the
aumber of subjects in ¢ ach group whioh was 21 ia one
the 5 groups. This foramula was used for the analysis
of all recerds of Height, Weight, haemogledbin and

haematoerit, and RBC ganits,

For oz,
to ealoulate 't* value or the inerease in wveights

between groups 31 and C

«99 «99 «99
t = HEARey B Era R 2 weewes -~ o- B oewaR g.“
«1634 +40
35,2678
20

The differense is significant at 5,1 level,
Hol\ -Ak =2 0 1s rejected bu
1 2

H j/k -_L- 20 4s aoccepted
11 2



X

VYeakatesan K. 1985,
Statisties. The Natienal Publishing Oe., pp.855-375,

To caleoulate ‘4! valus fer the inerease in Haemoglobin

levels between greups B and G,
i

." ." .95
.’585 B 0484 28
L L B & 4 4 3

20

The difference is signifiecant evea at 1$ level,

8o Re -~ « =0 1s rejested and
1 2

A - = 0 4is aceepled

To caleulate 't'! value for the inerease in Haenasrit

valdes betveen greups B and €
1

“ .' ..
1y = cecserseme B mecvees B weewse = 1,07
2,684 « 3186 58

LL 2 L 1 J

4
The difference is not sighifiecant

se NO - 2 0 is ageepted
1T 2



