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X. INTRODUC TION

The mutzritional needs of ehildrem are eritiecally
imper tant during the peried O-6 years. The presehoelers ere
more vulmeradle and ecomparetively 1e8s attended than ether
greups of ehildren ( Devadas 197%),

A geviev of the Status and problems eof the preseshoel
ehild ia India may vell begin with a statement of the queatie
tative dimensiens of the preblem. There are 110 milliten
oehildren belev She age of eix 4ia India, shat 4is sbdous 30 per
eent of the tetal pepulstien in the seunsry (Iadis 1973).

The net additien te e pepulation ef pre schoel ohildrea is
of the erder of 20 millien per yesr.

The first predblem of the pre sehool ¢hild 4a Imdia 4»
te survive. AO% of all deaths in the couwntry still sake place
among childrem below the age of five, and the death rate ameng
pre sohoel ehildrea 18 21-33 per thousand (Mine Swaminethan,
1973). It 48 eotimnted that 75% of she child populatisa ean
be ¢lassified 88 'mot healthy', dus te major ant? miner
411ness (Gepalan, 1973).

The majer causes of morbidity amd mor tality ere
gastrointestinel semplaints and gespiratery iafectiens and



Nusritional disorders of varieus stypes. Ia order ® promete
aermal grovth 40 becomes nevesdary Mu‘“y dietary defi-~
sieoncies that ewrently impese esastraints on normal grevih
and development in our ehildrea.

Gepelan and Narasings Rae (1971) have ¢ollected data
in India ea the distaries of Pre seheol children, Results
zevesled that in the sumeat distaries of eur pre-seheel
ohildren the ma jor bottlemedk isealeries and net preteins.

If the eshildrea were te ge¢t grester quantity ef the same
feed ia amounts that would meet their ealerie requiremenat,
their pretein needs vould be met. It mt, hoveover, be
enphatined that the existing diets of ehildren were defisient
in several minerals snd vitamiams 2ls0o. The diets were lev ia
gibeflavin,Vitamin €, iron, ®sleinm and vitamia A,

Besides the main predlems of shor tage of caleries and
proteins, anamis due to irea deficieney, grovth retardation
due te Calechum deficiency and blindness due t0 vitemin A
deficiensy are ssrious problems ameng Indiam pre-sehosl
ochildrea (Gepalan, 1973).

Aeeerding te Dhar et al (1969) iren defieiency Anemia
is the mest prevalent Sype of sammis in the vorld, parti-
eularly ia a developing Sountry like India. Varieus faestore
eembine te determine the high insidence, suth &5 material



illhealth, undernutrition, faulty fecding, knowledge with
inadequate feeding supcrvision and prolonged Wrocst feed-

ing for economic reasons or superstitions., Surveys im

Indian populatioh is around 50%, of whom 90% have ivom
deficiency., Sood (1967) sonducted a study on ehildron

who were admitted te the pacdiatric service of AIDS hospital,
90% of these children botween 0-36 nonths, showed evidence

of iron deficiency. '

Radiological appearance suggesting goneralised osteo-
porosis is frequently seen in the bomes of children sufforing
from protein calorie malmtrition, This has generally been
attributed to protein defiocicnoy perse, It is however,
possidle that prolonged oalofum deficfionoy as a result of
inadoquate dietary intake of Calocium by these children may
be & contridbutory feotor (ICMR, 1068)., Rajalakshmi ¢t a}
(1973) suggest that Caloium deficiency is & orucial factor
in the aetfology of skeletal retardation in young ohildrem,

Studies carried out by NIN showed that the existing
diets of pre school shildren are defiolent in soveral
minerale and vitamins, The average intake of iron Wy the
pre sshool children was §-0 mg/day against 12-20, and
caloiun was 193 mg/day against 400-8300 recommended allowances
ICMR, 1968),



Thus along with an inorease in the ealories and protein
content of the diets through the additien of eereals, md
Iguaes gqualitative fmprovements such as addition of vitanins,
minerals are also needed in the diet of pre sshool children,

Children who were growing and forming new bones and
tooth need more edlotum than aduit, If their diet does not
provide enough the result is reduwed growth, It is the cone
scnsus of many nutritionists today that emough caleiun must
be provided to young ohildren to easure a well ¢lacifiod
skeleton when adulthood is attained; (PA/uHo, 1963). Thus
bestides calories and protein, vitamin A, ealoium and irom
may be the other biggest constraints in the diets of our pre-
school children, The present study is anedluation of the
suppleaent of two of these mutrients namely calofium and
iron along with additiooal food sources of oalories and
protein to a group of pre school children,

An earlior study was carried out im this laboratory
(vevadas, 1974) te evaluate tho growth promoting ability of
opaque-2 maise, ordinary maise and skimned milk with selected
groups of the pre-sshool shildaren, The supplomentary dicte
used in this study were isocalorie (430) amd isoprotein diets
(10 g). The results showed shat the growth rate of target
édhildren fed with opaque-2 maize diot ranked next te skimmed



millk diet:. An enaminmation of the nutrieat ceasteat of the
diets revesled that the skimmed milk diet previded am excese
smount of saleium themn the opaque 2 maize dies while all the
other mutrient contents vere similar. It vas felt that the
grovih prometing ability of skimmed milk diet may be due to
180 better quality protein eor perhaps dwe te higher caleiwm
contont oinse all the ether mutrieats were equal and appeared
te be sdequate in the twe experimental diets.

The present s tudy "Rvalua tiem of Caleium and iren
supplements te pre sehoel children® was earried out to mswer
the above spesifie questien vhether the better grovwth premoting
ability of skimmed milk dist 4s dus to better quality protein
oFr due to higher caleium content vhea sompared vith the epague
8 maine diet: Thus the mais objestive vas to find ocut the
offeet of calcium supplesentation with epaque 2 saise dist
in comparisci with skimmed milk diet, vhen fod %0 pre=-schoeld

ehildzren for a periocd af 8ix menths,

Apast frem grovih retardation, irom defieieney anaemis
vas prevaleat among the target children. (Devadss ot al, 1978).
The target ohildren sonsumed a total of 10 mg of iren/day frem
their home diets and frem the experimental diets vhieh ip
insorporated vith leafy vegetables. But imspite of this



apparently satisfnotory intake, iron defisiency anaecmia

was found 40 de vory severe among -these ¢hildren, %o over
ocome this deficienoy prophylactic irom (60 mg.) was supple-
sented to the target ochildren in this study,

The indiees used for the evaluation of ealories,
protein, calciua and iron supplenents were growth rate as
indicated by $he monthly bdody weights, lengths, measurements
of chest, arm and head ¢ircumforence for a period of six
months, ¢aloiun balance, skeletal status ae svidonced by
xray photographs, hasmoglobin levels mnd food and faecal
iron malysie in & sud sample,



IXe REVIEV OF LITERATURR

Eutritiops] disorders preveless smemg Indimg ehildren:

Extensive stuwdies enrried out by Gepalan and
Narasinghurse {1971) and Dovadus gt al (1972) 4dm India
ind2oated that zmong the ohildren of peonr sezments of owr
pepulation theve 1a conwiderable degree of grovwth xetardetion.

Gepnlan (1974) peinte eut thet in our sounsyry te dey
the incidense of severe forms of pretein sclorie Melmutrition
like kuashiorikor aad msrasmus, has Dbeen astivated 0 be
around ene to o persemnt of all children betweoen the sges eof
Tend 5 yoaxve This figut e Goes not include the wild and
modesate forxs of malautrition, nearly 80 per csat of pre-~
sshool Shild¥en wre svutfering ivom I amd YInd destes mal~

mwition.

Apart from protein<salorie msinutrition, vitamia A
defiefiency is another ma jor musritional prodlen centributing
te 8 somsideredle smount of preventable blinfingas. It 1o
bolieved thet in India alene, thesSe may be aver ene million
cases of Dlindnegss arising from vitamin A deficieney
(oopaln. 1975) Anaemia due Se irem deficieney ranks us she
next nutritional deficieney.



Pzevalsnse apd eswses of celeium defisiensys

Radiological appearanse suggesting generalised estes-
pozTosis 1is frequently seen in the bdemes of ochildren, suffering
frem protein calorie malmutrition, This hrs gemerally been
atiziduted to prolein defieiency perse. It ies hewaver, possible
that pselonged oaloiuw drficiency ane & Tesult of inadequats
dietary intake of caleium by these ohildren mny be & contrie-
butary faustor (ICWR, 196%).

Right ahildxen with efigns of protein ¢alerie mainutri.
tion, wvhose ages runged from 1 to & years were studied,
(ICKR 1968). Pive were marasnis childrea and the other three
were smifering irom wayaumic Xveshiorkoy with ruinimal csdena,
The saleium inlTusien test vas done on the neeaid day of
admission in the fires five chilldxan and on the fouwrth day
in the ocodemetous children aftexr the vedems hmd complosely
dissppwazeds Tve normal children of the same age group vere

aleo studied for cempariswm,

Tuenty four hour urine ¢ollectiens wers made for She
estisntisn of basal exorstien of ¢eleiuve and or the ezt day
135/xg of salcium 1a the form of enmicius glueosste im 300 ml
of norwal saline, was given imtrevesously ever a pezisd of
& hours. The amount of ealeius encreted in the urine during
these § hours of iafusion vas determinsd aad ths amount of



ol caleium Fetained ealoulated, o8 & part of the infused
ealoium, The results of the study shewed that basesl exnere-
tien of ¢alcium sverage 18.0mg/2% hys. (Range 10-40), 83%
of She imfused caleiwum vas retained ia the msincurished
childrea.

These Fesults suggest that ia ehildren suffering frem
pretein Galerie melnutritisn, vhe shew radislogical evidemce
eof estesperesis, the sepasity of bones te retain imfused
eajeiun 15 not impaired, amd that, there alteratieams in bone
matrix say met be respeasible feor estecperesis,. It may be
mentiened here, hovever, that while the A heur infusion tess
may reveal the enteant of ealeiwm rFetentien, this may met
necessarily iadicate mineralisation of esteeid tissue.

Vitamin D and preteins assiste in $he asbsorptien of
esleium, Phytiec aeid, fates, and exnalie asid inkhibit the
adsorption of caleium (Devidson amd Pasemore 1973).

Rifees of vitemin ¥ supploments oa Calsiun sheorptisn in Enildrgm:

Childrea of She peor cemmunities depédad almest entirely
on sunshine feor their vitamia P and get wvery 1ittle of 4% ia
their diets: In 8 study sondueted by Perera and Vimedini
Reddy (1971), AS was ebserved thag ea diets similay to those
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they consume a8 home the sbsorpiien of ealeium was only abeut
80K of the intake, Vhea the diet vas supplemented with 200
X.ue of vitamin D daily 3 of the € ehildren shoved considerably
inerensed sbsorption. This weuld suggest tha$ though there
vas nd biochemical evidense of vitamin P defisieney, She
ebserptien of ealeium in these e¢hildren was perhaps being
limited by inadequaey of vitamin D, Vhea the level] of vitamia
P was further imereased in these childrea aged detveen 2-35
yoars %o 300 I,U,, there wvas ne sppreciable ehange ia saleium
sbsezption Aia these children, Thus indicating that maxime)
abserption vas oceccuring at the level of 200 XU, of vitamin D,
The daily reteation of alcium reguired for normal skeletal
grovth shrougheut ehildhood hasdesn estdmated %0 She sbeut

100 mg+s & level that was a¢hieved in the abeve study with the
use of 200 IV, of vitamin D daily.

Rifecs of ahvtate on the ebesrptien of ¢pleiym¢

Ascerding te Demt o¢ a1 (1973) uitre vielet irradiatiea
of o 1M yoar 014 bey whe develeped rickets vhile consuming @&
dist high in phytate Fesulted 4in @ prompt gise in arwm caloium
and 235 hydrexy cholecaleiferel, a fall 4in Serum prathyreid
hermone level and fmprovement da oaleium Dalanee, amd cuve of
ﬂ:ohto vhile he vas still eonsuming the high phytate diet.



1%

« ‘ e

Nutritioms]l riokets 4s Feported in a 15 year oM
Indian Doy, Ris diet bdefeore admission ves estimated to een-
tain 1300 mg ealsium, 1.9 ug. vitamin P and 30 mg. phytie
aeid pery dsy, HNe vas put on a diet with lov phytie seid
sentent bu$ vith a comparable amount of vitamin P. On this
diet, She plasma salcium returned te mormal over four weeks
and riekets healed (Wills et ol 1972).

N
Distary intakpe eof eslejug:

Dist sur veys carried out ia India (Miszra 1933) have
shown thaet the average iatske of caleium 48 ia the neighdbour-
hoed of K69 mg. percapiis. Nore tham 60 per eeat of this
caleium 48 derived frem Sereeals and sther vegetadle feods,
Fusrther;, availability of caleium in such foods mey de limited
by asmofated fretors 1ike ;hytntc. oxslic seid and high
phospherus eoatent. Average intake of ecaletum of the predo-
uinantly riee enting pepulation may be lower than the adeve
figure. The only greup vhieh ¢onsumes 8 high level of dietary
oaleiun $8 the ome whene Stapple eeresl 19 ragi vhish 1is knewn
for 1ts high caleium soantent. Theugh the average intake eof
saleium by Indianms 45 not mets than 3500 mg. per day, there i
2o ovidense of appareat 111 effects atitributadble to ecaleium
deficeliensy: Analysis of sheletens of Indiasns by Shenolikar
(19566) nas shown that their benes had mermal caleium

contontration,
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Baman Met s vith » [ ] 1 J

A fev salcium metabolic studies carxied sut in Ipdian
adulte, al30 iaiicated that caloiums Lalance 45 achieved at
zelatively lov intakes. Basu and his ¢o-workezrs (Busu gt 8}
1536)3 Basu and Ghosh 19543; Basw and De, 1948; Basu aad Nath,
1946) have esazried out calcium metadelism studies tn Indianm
male adulds oa lev eslcium intakes roughly sorrespomdiag $o
intakes ea their normal diets. They consider from ene of
their studies that 388 mg. per day may be the maintesnnse
Feoquizemeant of calcium for Indians. Fromother gtudies of
theirs, 48 San be sesn that petitive caleium balanee could be
ashioved ag iatakes ranging frem 177 te MBS mg/day.

Caleiun dalanse studies ¢arried eut at the mutritiea
Resesreh Laborateries (Senolikar, 1968), alse indisated that
ealoium dalance can Do achieoved ia Indian .-baioto oA low
intakes, Culcium balanse study wes carried out in feur femeale
and Shree maie adult sudbjests on intakes serrespending to their
morwal imtakes: All the feur wemean with ¢sleium imtekes in the
range of JE6-MA8 mg./day were ia pesitive dDalanee. Of the
three mom studied, Swo vere mﬁouttvo balenee on enleiwm
intake of 300 mge./day and ome was im negetive balance om &
siniler futeke. Thess Delence studies, not with stemding Sheir
limitatiens, indicate that the Indian adult ean de ia enlotium
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baelance on intake ramging from 2350-500 mg, Aduls vomea
appeary to be desSter adepted to lower intakes.

Kamalanathan g% 8] (1963) soadusted a stwdy o She
effeet of supplementiag a poor Indian rice diet with 100 g.
of wvild green leafy vegetadbles (previdimg about A80 mg.)
ealeium) or with 33 g. skimmed milk pewder (providing abeut
880 mg. ¢sleium) on the metabelism of nitregen, ¢Galeiwm and
phosphetus 4in six adeleseent girls aged 19-21 years.,

The intake and gFetention of ¢aleium on the differeat
diets vere 88 felleve: Bessl riee diet (peried I) 217.8 mg.
and 2.6 mg) Experimental diet sontaining greea leafy vegetables
(period IX) 702.9 mg. and 307.0 mg) Basal rise dies (period
IXX) 297.6 mge snd V.2 mg. snd Exyperimensal diet eomtaining
skimmed milk pewder (period IV) 70h.6 mg. and 396.1 mg.
sespestively.

Bffess of seleiym suvplementption on $he grewth of ehildress

Diet surveys fhdiecate thﬁt the average esleiwm intake
of childrea in Iandis $s 300 mg., or less. MNovever, Kurian
23 2l (1960) have shewn thas ehildrea (10-11 yesrs) ean be in
pesitive balanse of 120 mg. par day even om lev intakes of
358 mge por day., The diet survey dats veuld indicate that
Saloium iatakes of Indian childrem are sudb-normel and the

stature snd growth of these shildream are¢ also sudbstandard,



1

Attempts to demenstrate Sthat submormel grevth of Indiaa
ehildren i due to lov ¢sleium intake have ot yielded eon-
elusive gesults. Aykreyd sad Krishaam (1938, 1939) demens-
treted that ¢aleium laetate supplementation (0.3-1.0 gu per
day) te 8 greup of ehildrea aged 2§ - 7 yeers, with sub-normesl
dietary caleium iantakes of 310 mg. & day, resulted ia an im-
preved grevth, Hewever, in & Fetent study by Bhansal ef 8}
(1964) at the Wutritioa Resesreh laboranteries, mupplementatioa
of ealeiwm glyeerephosphate (2.5 g. % ehildrean belov 1 year
and 3 g for these above ) year) for a periocd of forty-two
weeks te a group of ehildrea of 6+30 menths in s rurel coumme
aity, with saleium iatakes of 178-835 mg. per day, om their
usual diets, did not bLrimg adbeut any imprevement ia growth,
These Studies thus leave the questien of e¢sleium Fequirement
of Indian ehildren 9till epea.

A study wes eendueted by Veakatachalam (1971) with
38 childrea age ranging from 6 te 30 moaths (14 meles 24
females). Caleium glyserephosphate im syrup was given.
Contrel group was given syrup ealy. The study wasé condus ted
for A2 weeks, Imitfal weight, height, chest and heed Sireum~
ferenee were noted. Radiometry was dene for the length and
ares of radius, ulns and III metacarpal, mumber and sise eof
essification oentres. The Fesults did not shov amy signifi-

oant difference beteteen the twe greups, Alse, there Lo
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insresse ia the values feor the various ether msasuremeants
Saken om 12th, 25¢h and 42nd weeks did net shov amy signifi.
sant differemee dotveon the sontrol and the supplementary
group suggesting that the ecsleium supplementatien hed not
provided the ehildren with any beaefit with respect to growth,
Al80, the experimental and eeantrol grewp ehildren did mot

ohov any differense with regazrd to the ineidence of semmen

111ne8s.

Sinse the ealorie and protein ianteke was lev, the
questien srese vhether the laek of Lemefiecial effects of
ealeiuwm supplementation in these shildrea eonsuming & lew
saleiun diet was due te the imadequady of the ether autyrients
in the diet. Therefore the growth studies ¢ould besome & use-
ful sethod for the assessment of sdequaey of ealeiwm bLus omly
whea the ether distary factores and mon-dietary influences are

kept under eareful eontrel.

A study was earried out & Barode by Rejalaksimi o% 8)
(1973) en "The effeets of supplements veryiang in earoteame and
caleium csontents on She physical, biochemical and skeletal
status of pre-sehoel childrea®, BStudiest vere made of the
effeets of feod supplements verying in earctene end ealeiwm
content on the nutritienal status of ehildrea -.«1’-6 yoars.
Three groups of ehildren wvhe given s distary supplement for
oix moaths and a fowrth group of eentrols vwere investigated.
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The swpplement was the fermented feod dhekla, made of wvhea$
and bengal grem (Oroup I) or dhokla with added greens (Grewp 2)
or dhokle with added greems and lime pewder (Grouwp 3).

Studies vere made of offects of the above supplements
on height, wveight, skeletal status 8s Jjudged by imsrements in
beone agey and sortieal thickneess of the 2nd metsearpal bone and
femur, and biochemical status as judged by the eempesition of
bleed (Maemoglobin) serum (Protein, slbumin snd vitsmin A) and
urine (erestimine, mitrogen, thiamime, ridoeflavin, amd
vitamin O),

All She groups given the supplements wvere found te be
superior te the contrels as Jjudged by these criteria., The
size of the experimeant generally incressed frem Oroup I $o
Greup 3 and the difference vere most marked for bone age and
sexrtical thiskness.

The resulte suggested that ealeiwm deficioency 40 &
erueial fastor in the asticlegy of skeletal retardstion ia
young Shildren and that at the levele of caloium (3560 mg) end
phosphorus (980 mg) censumed resulted in a significantly
higher growth rate.

Pxevelense end gaypps of apsemis in ehfi)drep:
Anaemia due to the &ficiensy of irea was prevalent inm
kiryat shmonsh, sa upper Galillea semmunity. Complete
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hemstalogical examinatiens were performed by Levy g% 81 (1970)
in 247 ehildren ia Kirystshmoneh, anaemis was feund in 52

per sent of 247 heelthy childrea aged 1 day te 6 yesrs. The
prevalence of the snaemia and of the firom and folase deficien-
oies rese from birth te the sge of 2-3 yeors, after wvhieh it
declined gradually.

The ansemis in e¢hildren Dora %o anasemie mothers veas
mueh more frequent than ameng these delivered by mon-amsemie
vemen., Peoor irem and felate steres at birsh, malnutritieon and
frequent gastrointestinal iafeetions may have conlributed te
the wide spreed deficieney sgate obeerved in this group of
children,

Aesording te Dhar gt a) (1969) irom defieciency anascmisa
49 the mest prevalent type of anaemia im the vorld, parsi-
sulsrly ia a developing sountry like India. Various fastors
esombine te determiae the high imeidense, sueh as, materaal
411 health, under mutrision, faulty feeding, knowledge with
insdequate feediag supervisiem and prolenged bLreass feeding
for etomemic Teasens or superstitiocas. Surveys ia Indisa
populatien 19 srouad 50 per oeat, of whem 90 per cent have

iven doficsiomy,

It is a eommon knovliedge thet amaemia in iafeancy is
extremely prevalent im the developing sountries. There are
8 large mmber of reportse from India Poimting to this high
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prevalense rete. Se0d (1967) cendueted a study en & greuwp

of 377 ehildren of all ages admitted te the p-odtytru service
of AIINS hospital. 79 per seat of these shildrven had hasmoo
glebin less than 10 g. per sent. A3 of these smeemic shildren,
betveon 636 menths, were studied indetsil, sad 90 per eens of
sthen shoved evidemse of irea deficieney.

Besides these factors like increased demands of grovsh,
status of iren steres at birth and materasl mutritien, ohsromise
bloocd less plays an importent rele in the actiogenesis of irom
deficiency sasemia. It 10 kmown that & mmber of childrea are
preme to gastreintestins] bleediag., Heoksorm ia festatien me
a ms jor rele to play 4in esusation of amaewmia in many eocuatries.
In Ipndis slse hookworm infestation 19 guite prevalent im the
sural areas and thus may in part be responsible for She high

frequensy of irea deficienty imn this sountry.

Inteke of Distary Iren by Ipdiangs

Results of diet surveys in Indis (Ramalingasvami and
Paswvardhan, 1949 Mitra, 1953) indisate that the aversge in-
take of {ron 418 0 mg. per day per eonsumptien mnit, the
sange being 6 te 10.9 mg. Diet survey results suggest that
6 per cens of the average families studied had dietary iroa
intakes lees than 13 ng. and 10 per cont less than 20 mg.
Te this, one should add iren derived from eoeoking vessels.
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Stwdies 8¢ the nutrition reseszeh lshorateries have showa
that a significant smouns of irea e¢am be derived from this
souree. Not with standing She uneertainties eof Arom intake
figures odtained frem diet surveys, 1t is evideat that the
average distary iatake of iron by Iadisas is by me means lov.
It 4 surprising, thezrefore, that iroa deficiency enaemia
sheuld be so widely prevaleat. Iadeed the results of duplie
cate mesl snalysis of diets of anaemio subjeets, carried eut
at the mttttt’u Research Laborateries, have showa that mearly
hRalf the subjests Das merginal or lov intakes while the ether
half the had intakes vhich vers quiste high compeated to the
vestern resommewded allowante. It would, therefore, appear
Shat there ave other factors 1like peor absorption eof dietary
iron oF exncessive loss of Lody irzen eperating under these
sendiSions,

dxren_sbeerptiens

Seversl iroa balenee studies in healthy Indian adulss,
eonsuming differeat types of diets, have beem earri e« out
empleying shemital balance method., Apart from determining
ixoa adsorptien frem these diets, effecis of phytate, saleium
and assorbis asid en absorption eof froa from the abeve dietaries

have alse beea deterained,
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De (1930) reperted that the irom retemtien vas
5.86 mj. vhen iren intake vas 24,84 ng. It vas edbsesved by
Nuseain and Patwardhan (1939) shat 20 per eent. ef iora was
absorbed from & well balamsed diet based on rise or vheat
sentetining 38.M0 mg. iron.

Cezeals, wvhich form & majer part of the Indiam dieta-
vien, centain phytate vhich interferes vith iren abesorption,
Hussain and Patvardhan (1959 ») have showm $hat 4n balansed
diess eomtaining 8 and A0 per cemt phytate, iron sbsorptien

vas markedly yvecduced %0 1V and 3 per eens respestivoly.

In another experiment, Apte and Ven'mtethalam (1962)
showed that eam intake of adeut 20 mg. of dietary iren was
R0Ce8sary % result 4dm any sigaifiscant absorptien of iros
wvhen the diet contaimed sazeals with 40 per eent phytase.
It 19 knovwn that dietary ealeium sombines with phytatve.

I¢ vas shewn by Apte and Vemkatachalem (1964) that
the irom absorption from diete, eemntaising phytate, could de
imereased Dy increesing the dietary ealeiwm. Izen adbserptioa
frem such 8 diet, eontaining 1500 mg. esleium, vas feund to
b0 mazximel, Asecrbie asid alee bas Leen shown te impreove
irea absorntion By these workere ( Apse and Venkatachalam,
1963). Xt would appesr from these studies thet though iroa



21

abserption 49 decsreased By phytate ia cereals and ether feods,
1iberal amounts of esleium and aseorbie aeid in the diet seem
to sounteracst the phytate effect. Hovever, diets of poorer
seguents of pepulation im India aot enly are rish {n ecereals
eontaining phySate but are peor ia calcium and aseerbie seid
and hemee irom sbsorptiea may be expected t» be poor in these
diets. Chemieal balance studies, employing such diets, gave

values for iron absorptisn ranging from 7 per cent to 28 per

eent with an average of 1) per cent (Apte and Venks tachalam,
1965).

Devadas ot sl (1971) condusted a study vith 60 ehildren
Tesoiving scthool lunch,., These ehildren wexe supplied with
25 g+« greens per day per ehild. Another group eof 60 ehildrea,
sonparable in age sad soeie-etonomio Status and parsicipating

in the sebool lunch served as esatrels,

The eriteria used for the evalwstion of the mutrisionsl
status were height, veight, heemoglobia valus and elinicsl
eondition of the ehildren. After six mefiths ¢f the experi~
mental period, the mutritiesal status of ehildren tooolviag
greens had improved signifieantly ever the other groups)
particularly vith regard to She elinical pisture.



Devadas ot a1l (1973) condusted amother study ia
vhish 1035 ehildrem participated ia & sehoel lunth pregreamme.
They were divided in to Shree greups of 33 ehildrea eash com~-
parable 1in sge, height, weight and haemogledin levels. Orowp
X eontrel group vas & eomparable grewup eof 133 ehudl'oi whe were
ot participating ia the echool luneh, Oroup II wvas givea
the bdasal school lunch while groups YIX smd 1V mere given
375 g« amarenthus coeked im altminius end izrom utensils
respsatively along with the sobool lumeh for a peried of

seven onths.

I8 vas obsarved #wut She ohildren receiving emarsathus
cooked im Arem utensil h;d improved their nutritiomm] ststus
signrifisantly over the ether groupe, particularly with regard
to the haamoglodin levels.



IXI. EXPERIMENTAL PROCEDURS

The preseat study mmely "EBvaluatiea of ¢aloiwm and
irea supplementss te¢ a selested greups of pre-seheel ehfldren®
was earried out om young ianfants of the age 18-30 menths of

age, at Ceimbatere Distries.
The specific objectives ares

Te sempare the grevth and mutyitisnal status of
ohildremn consuming ¢aleiwm and irea supplemented epague 2
maise diet vith the grewth and mutritienal status of ehildrea
whe vere fed diets vith erdinery saise, skimmed milk diet and

epague 2 maise diet.

Teo assess the mutritienal status in terms of their
meathly veight, height, metsurcoments of ehesSt, arm and head

eireumference for a peried of eix menths.

The experimental diets mamely epqque 2 mmise, erdimary
maise and skimmed ailk previded equal guantities of protein
end ealories. But the esleium econtent of the maisme diete
vere oaly 123 mg. per day per shild whereat skimmed milk diet
previded 436.6 mg. per day per ¢hild which resulted in a
differense of 332.2 mg. of caleium per day per ¢hild, Ia~
ofder to make the ¢anleium econtent of the skimmed milk diet
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and epqque R maise diets similay, 3519 mg. of lime pewder was
supplemnented t10 opagque R msaiss diet vhioh veuld provide 332 mg.
of esleivm per day per ohild,

NutSritions)l anssmia 18 one of the ma jor heslth pre-
blems in India and 1is partisularly seen ameng pre-sehool
children. (Cepalsam gt 8), V97')¢ To evereome this defie-
eiensy, 60 mg. of iven in the ferm of ferreus sulfate perx
ohild per day vere alse fed, An excess smsunt of irvon vwas

previded dus te» poor asfficfiency ef absorptiea.

Thus 23 shildzen (Grewp A) vwere given the erdimary
meise dies, 23 ehildren in (Grewp B) were givea epaqus £ maise
diet, 23 ehiliren in (Growp ©) were given Caleiwm amd iren
supplemented epague £ maise diet, sad 23 ehildzea in (Growp B)
Fesoived the Skimmed milk diet. A sailar groewp of 25 ehildrea
(Group E)y of the same sge, sex and of the Same secic-esemomie

beckgreund Served 88 ecentrels.

Anthropeme trie messurements, ¢linical sad bisshemical
examinations were used as the eritezria feor the svaluatisn of

saleiwm and iven supplements.

Seleetion of the villeges:r
Tour villages, mumely Jethipuram, Perianaiekeapalayam,
Veakatapuream and Geundampalayam ia Periamsickenpalayam blesk



in Ceimdatere Distriss, wvere selested for the study because
of the geod rwappert already established im these villages,
There vess ne other feeding or researeh prejects owrently

in eperatioa ia those villages.

Ssejo-geenemie Syrvey:

All the femilies in the villages wvere enumerated and
8 sotle-eeoncmie survey was dene using the guestionasaire

(Auﬂﬂ'. x) .

Ssleetien snd greuning of ehildrems

One hundred and Wweanty five childrea (V8-30 months eof
age) belenging te the peor scefe-econcmic Status vere selected
for this study frem Jethipuram, Periansickenpalays, Veaksta-
puran and Geundsmpalayas villages. This age greuwp was selected
because of the rapid grewth at this age and meed for calorie,
protein and mineral supplementatien &t this age. The target
ehildren were divided in te five groups of 29 ehildren each

ascording $0 age, Sex, parity and sathropemetric measurements .
Cendye ting the Fench mayh swryey:
Base line iaformatien oa the dietary intake and food

praetices of the childrea ia the five groups was colleeted
inerder to plan and proeeed on the feediag trial,



Food veighment surveys

Sinee feod weighment surveys are the mest aseurate
for fect finding, & three day feod weighumeat wvas eomdueted
te assess the home foed consumption pattern of the ehildrea
and 0 assess their mutritienal status. PFive ehildren fream
oseh of the experimental greups (A,B,0,B) and five ehildren
from the eentrel greup (B) vere sslested ramdomly en the
basis of the willingness of their parents te eo-eperate vith
the investigator. All the raw feods used and their eooked
preparations vere weighed with gthe lever dalance up to the
sceuracy ef 1g. using the preforma given ian (Annexure II).

The individusl censmmptien of the feeds By the arget
ehildroen was veighed and eorrestiens were made for the plate
vastage and fa detween eonsummption of snaeks. Thue mutrieas

intake of the childrem for the three days was ealeulsted.

Sempesition ond Eusyitive value of the supplement?
Table I gives the sempositieon and mutritive valuwe
of the diets and supplements used ia this study.



™~
o

esOoOPSS 38“
g°ye fo°e Slio 86€o 8°964L S£°OL 9°%%L 0°0% 9ly Te30y
- - - - - - - - < < (yrmprnein) %0
- 1°0 300°0C §00°C O°%¢C €'z o' 10 Lk oé (ewe2) Lsze8%up
g°8y €°0 €lo*c oo’ 0°03CE ¥°9 3°56 o°L i 11 sEyweITHY
- - - - - - - i°0 g2 8 423938 U30H
e €9°t ?260°0 99C°0 8°ze g 26 89 €it 6 esgwn z ombedo e
g°sz 2°B €81°0 zCh°O 0°4CEL L0y 2T°CTv 96 iy Tesey
- - - - - - - - “ﬂ 1 9 A“' ‘guv T30
- 1°0 S00°0 §00°0  O°NE €'z o'9r s ¥ oz (owes) Lz03Per
g°gr €0 Slo*o go0’e 0°03CL §°9 2T°66 o0°\ st < 4 say3uIeEY
- 8°L 004°0 OTN°O 0°66 0°Z o'oL L°g {14 00 Azemgpae <« esyeN v
- .' '." .?‘ - .:‘ - -." - = - .“'. '.“ .... .“ ...............
O WER w30 UuUjasry} ouyE euey *Sm angs uyrey soxa L9338 sywegprexsuy sdmo g

(Ava/TIING/RLILINVAD) GESO INENETddNs JUL JO SOTVA JATITULAN ANY NOLLISOINOD
X sVl



- e ® o o ™ & O o B O S © S P O & T e E& O O G S S VG O O O TV & D O O PO G G P G O D O O O v e o O >

ey OC 0°S L°o 9°0 0004 ©% €4 ©3 004 0°64 0021 tL64 uMOT
SousAeT [y PepESENeISY
€°Sy 98°0C NTE°O0  1S1°0 O°npigt CL°6  9°9%y o©0°Ot Lzy Tesey
- - - - - - - - nﬂﬂ nﬂ A.'gv T30
- $°0 900°0 $00°0 O°¢C €z 0'°9 1°0 F ¥y oz (owws) Lze8%wr
8°4 €0 Slo*0 $00°0 O0°08CL %°9 2°66 o°t s £z swy3ussemy
0°0Z W8°0 O090°0 0%0°0 - gl°o o0%0% 9°0 2 o8 uoogduy
t*s ZE°0 19¢°0 660°0 - 1€°0  ¢°10C €°9 sl T ATEE poumyng a
8°4Z SO°T CiIT°0 96C°0 $°9648 £°0L §°9Sy 0°01L 9ly tesey
- - - - - 0°09 - - - 09 (%=) setawy wexx
- - - - - - xC - - 6150 (9m) zepned ewyq
- - - - - - - - “‘ 4 A.' §.~°v ¢ {°]
- 1°0 900°0 %00°0 ©°% €'z 0°9 110 &L oz (ouws) LzePBer
g'nz €°0 Slo°0 $00°0 O0°08CE %°9 266 o°\ (Y 43 ony) weIeRy
- - - - - - - ﬁoo ““ 0 ‘.3. gc
- €9°t 260°0 98C°0 @8°Z8 gt z°6 @°s 1119 26 esyws g ewbedp -]
..m.‘ - ”!‘ - -.“" - '.‘:‘ - e ”-“ ..... ."‘ - ”. ..... .' ............
JuUTE wEP WyaAsy3 owgm swey *Ju anis wyey ooz L3y s3wegpexduy sdnezp

~83FA “WEN <OQ5d ~OIQlL ~03e0=g WOIX <-IVD =-03d <=0[e) -~uWmd

.......................... . > & & o ® @ o P G S GGG G WSS e -



29

Dissxidmtion of the guantity eof the Sess fecd:

It vas obServed that ¢hildrem ceuld eonsume 8t ene
time 20 g. (rav weight basis) ef eereals ea an average sinee

the 20 g, beeame more than 60 g, eon eoocking.

Caleulating the supplementation te meet one third of
the daily recommended allovances 4% was desided te distridbute
the propesSed guantity of maine in te three Servings as mora-
ing sneok, 20 g, of maise fhour ware used te prepare ‘lsddu’,
for the lumeh 352 g. of maise were used te prepare rice and
20 g. vere uwed tc prepare the evening snasek *'laddu’,

Table II presents the distridhmtisn of the quantity of the
test feods per 9hild per day.
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Stenderdisatien of the reeives besed en weise:

The reeipes for the maizne variety vere standardised
and prepared with all the safety measures of hygiene in the
fellewving wayes

e Laddu/payssan

8. Uppuma

3¢ Uppwma with greems
8. Tomnte maise bath

$. YVYegetable maise bath
6. Tamarind maise Bath.

Acceptability tests vere sondusted on these retipes
on 100 seleeted ohildream who wers mnot included 4im the study.
There is sensideradbls literature te support the sencliwsien
that taste and flaveur of a preduc tien eeatridute to 1i%s
asceeptadility and unless @ produst is aceeptabdlie to the
mether, it 45 not likely te be fed te the target shild,

It 18 8ls0 nesessury teo ensure that the ingredients used are
net ideatified with negative charasteristies, for exsmple
‘flatulent’, eauses indigestion or 'lev sosial stasus’,

All these feetors vere ensured im the selection of the
ingredients for the supplement, and their taste and flaveuwr

were found ascpptable and met assceiated with any negative
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oberacteoristiss, by giving different tastes in the pre-
perations instead of using ene monotomcus preparation,
Varieties wers tried on ¢hildyvem and the best aseepted

Teseipes were finally selested.

Iseding the children yish the supplement:
The feeding trial was started em August 1, 1974,
The duration of the feeding was six menthe. The feod and

supprlements vwere served daily for six days per wveek,

Lime povdar was ineorporated 4in the prepaoration of
maise laddu snd uppuma vhieh were served during the midmorning,
midaftersoen and 1nneh $imern. 3$1P ug. of lime povder vhich
prevides 332 wug. of caleium per day ver ohild was thue supple-
mented teo the spaque 2 maise diet. 60 mg. of fren in ferrous
sulfate Sablet form was given sfter the midmormning snack.

Caxo vap taken te see that the eshildren consumed the
diets and supplements Sorved. A resord of daily attendanse
of ehildren varticipating in the feeding trial vas meintained
aleag with the szact cuantities of the diet eonsumed meting
the plate vestage, if any.



»

Evaiuatien of ihe effesis of the diffexent dists and
supslenengp’

a. Yutritiogal assessment of ehijdrens

Foz the mutritional evalumtion of supplemeats, various
parameters were used to sssess the nustritionasl status of

ohildren &t the heginning and st the final stage. They ware:

Aes Anthropemetry
B Skeletal status

Ge Glimical assessment and D, Blochemieal examinstion,

A. pnthrepometry:

Orovth of ehildren vas assessed imterms eof their body
woights, heights, head eofireumfeorense, ars and ¢hests circum~
ference. Body vweights and heights were resorded emee @& month,
All the ether anthropomeiry measuroments were reecrded onoce
at the beginning and agnin at the end of the study. The
wolghts is bheing vecorded up te 0,95 g. with 2 leves balanoce,
vhieh was sorrected fer sere eorrere with standerd weights
after eovery six weighings. The same dalanss was used
throughout the estudy.

Since recerding body heighss (standard height) of
shildren 18230 months ¢ld 4is impossible, erown %0 heel

noasurement vas takem wsing & specislly construsted



INFANTO ME TER.



Infante meter' shewva in figure I, Thie is a woeden bou'd-
about S° leng wvith ¢ fized head bdoard and a slidiag feot plieve.
The infont was 1aid en the board with his or her head posie-
tioned firmly sgainst the fixed board, The slidiag feet

pieee is then moved to obtain firm sontact with the ehild's
heel. HReading® vere being taken t¢ the mearest 0.1 am,
(Jer1arre, 1966).

Head esirewmference wes measured with a fibre glese
Sape wmetsuring passing 1t over the suprserbital ridge snd
oeeipitnl prominense. Rendings were talen v the nearest

0. om,

Chest eirevmferance of the child was measured by
taking the asversge of %fhe inepiredand expired chest measure~
nen® the nearest O, om with a fibre glass tape, with the

ohild eisting en his wmother'a lap oy in a stool,

3. Skelete]l statys:

Skeletal maturity 1¢ 8 measure of how far the denes
of an aresa have progressed tevards maturity, aot ia sise,
but im shape and their relative positiens one to ancther,
88 seon in 8 radiogreph. Ia theory, aay or all parts of she
skeleten oan ba used, but in prastiee, the hand and wrist

are the most sonvenient srems, snd the ones sbout vwhish
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mmoh 4 known. The bone maturity assessment was mmde dy
cemparing the given radiegraph with & set of standards and
assigning the ‘bene age' (Tammer g a}l, 1968).

Aaterio-pesterior radiegraphs of hand and pelvie
vere stwudied for Swe ehildream frem easeh enperimentsl]l grewp
at Sthe begianing and at the end of the study with the help
of &8 redislegist. The °*Bone age' was enleoulated By eome~
paring with the -t-mrd.frcaozeIJ

€. Cliniss] esppessment:

Clinioal exsminatiens were carried sut with the
help of & physieian at the beginaing end ef the study fer
all the target children usiang the autrition assessment

schedule Ammeswre IXIX.
Pe Bjieehgnies] epamimatien:
1. Hasmeglebins
Kesmoglobin estima tiensef the finger prick samples
of the bdleod of the 12 target children were ecarried out

using syaamethehaemegledin method at the degimming and at
the ond ef the study (Cartwright, 1938) (Amnezure IV).

2. Yrinary esleium levels

The early meraing urine samples ¢f tea vandemsly
selected ¢hildrem oa¢h frem the experimental mmd soatrel
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were analysed at the dbegiming and at tho emd of the study
for caloium content using clark and oollip method (Varley,
1969) ( \mnexure V).

3. Fassal grens

The faocoal iron of ten ohildren from the exporimemtal
groups wore estimated at the degimming and at the end of the
study using the method givem in NIN (1971) (Annexure VI),

Analyeis of foods

One Senth of the day's food consumed Dy each of tho
five shtldren from the five groups were colleoted and analysed
for ealoimm and irom content t0 detormine the comsunption of
oaloium and iron from the home Adiets of the childarem, This
was done at the beginmning and at the end of $ho study,

Phytate and oxalate content o0f the foods were algo
caloculated, This was done inorder to know the extent of
intorferance of phytate amd omalate in $he adsorption of

calotun,



IV, RESUITS AND DISCUSSION

A study was designed to evaluate the calcium and iron
supplenents $0 & seleocted group of preschool childrem of the
age groups 1830 monthe who were receiving maise based diets.
The growth and nutritional status of the target ehildren were
evaluated in texms of their monthly body weight, orown to
heel length, ncasurements of chest, arm and head circumference
for a period of six months. The specific index for ealeium
supplenent was "Bone age' calculation through = ray photow
graphs, An evaluation of urinary caloium, fascal aalefum,
phytate and omalate eontent of the diets werc further used
10 throw furthor light on the utilisation of dietary caloium,
Faecal iron and dietary iron were used t¢ ovaluate the avai-
lability of iron supplements in the dict, As for irom supple~
mentation, haomoglodin level was used as the index for

evaluation,

An ocarlier study was ¢arried out in this laboratory
(Devadas, 1974) %0 evaluate the ‘growth promoting adility eof
opaque 8 saize, ordinary naige and skimmed milk' with seleoted
groups of pre school ochildren, The supplementary diets used
in this study were isocdl oric (430) and feoprotein (10 g.).
The results showed that the growth rate of target children
fed with opaque 2 maise diet ranked next $0 skimned milk dfet,
An oxaminatfion of the nutrient eontent of the diets revealed



that the skimmed milk diet provided an excess amount of '
oalofum than the opaque 2 maize diet, It was felt that the
growth promoting ability of skimmed milk diet may be due to
its better quality protein or perhaps due to higher ocaloium
congent eince all the other nutrients were equal nnd appeared
t0 be adequate in the two experinontal diets.

The preseat study was carried out te amswer the shove
specifio question whether the bdetter growth promoting ability
of skimmed milk dfiot is due to better quality protein or dmwe
to highor ealofum content when compared with the opaque 2
maise diet, Thus the main objeotive was to find out the
effect of caloium supplementation with opaquo 2 maize diet
in comparion with skimmod milk diot, wvhen fed $0 pre sohool
ohildren for a period of six months.

Apart from growth retardation, iron deficiency anaemia
was prevalent among target children. They sonsumed about
10 ng. of iron/dny from their home diets and from the experi-
montal diets, But inspite of this apparontly satisfactory
intako, iron deficiemcy anacmia was found among these ohildren.
To overcome this dsficienoy prophylastic iron was supplemented
to the target children in $his study.

128 children were seloscted from five different rural
areas and all of them delonged to low socio sconomic growmp,
They were divided into five groups of 23 in each group and
were feod with calefun and irom supplemented opaque 2 maise



diets, ordinary maise diet, opgque 3 maize diet, skimmed
milk diet and home diet,

The growth and nutritional status of childrem con=-
suming oaloium and iron along with opaque 8 maise diet was
compared with $he growth and nutritional status of ohildren
who were feod with ordinary maise diet, opaque 3 maixe diet,
gkimmed milk diet and home diet,

or d of the et childrent

The target beneficiaries helonged to low econonio
status, The average monthly income of the majority of the
families of the target ohildren was up to Rs,.300, The (75/)
majority of the familiocs of the target childrem in the ox-
perimental villages were dai ly wage earners or industrial
workers, Minority had prisary school education, The childrem
for the exporimont were solected according to the age and '
they were froe from known diseases, They were not partiofe
pating in any other foeding prograze,

From the data ¢ollectod it was observed that at the age
of twelve months 1liquid and sclid foods wore mot usually intro-
duced, At the age of twelve months, 30% of the infants were
not given any esolfd foods ami of these 26% were not introduned
even to liquid supplements, At this age 20% bhave not re-
oeived any other food tham bLreastmilk,



At she age of 13 to 24 months, 350% of the ochildren
were given liguid and solid supploments along with dreast
ailk. Omly 7% received breast milk and 43% of $he ohildrem
recoived adultfood,

At the age of 2 e 3 yoars 80% of she shildrcn received
adultfood, 18% received 1liquid supplcments along with the
adult food and only 2% were dreast fed,

Table IIX shows the introduetion of weaning foods at
different agos,

TABLE IIIX

INTRODUCTION OF LIQUID AND SOLID SUPPLEMENTS AT VARIOUS
AGFS (Perventage)

W W W D S G W W W W @ AW WD @ G S U W W A D G W W o B W WS B W

A,o Breast Broast Dreagt feod= Adult food Adult
o feed- feoding & ing and li- and liquid food
woan- ing 1iquid suwp~ quid and supple=- only
ing alone pleamt solid supp- nent

lement
D G WD 4 W W B W W G W W W G G G W W W G W W G W @ B W W W WD e
1 year 20 23 8o 8 -
1 -3 4 - 80 - 43
2«3 3 - - 18 80
S am
above - - 3 - 98

AP S A G TP OF Ay G5 AR W W W B @ W @ B T W W @ W W @ W W s W W W W

The somnon weaning foods are riece, rice with rasam,
cowsnilk, puffed riece, biscuits, murukku, fruits and ocoffee,

Table IV gives the dietary pattern and mean daily
food gonsumption of target children,



TABLE IV

THE MBAL PATTERM AND MEAN DAILY FOOD CONSUMPTION OF
TARGET CHILDREN

@ e A W UP S @ P D W S G A0 OB WD R WG W CE A SR G e PR W W W e

Name of the meal Menu/Quantity eonsumed in g,

Dreakfast Cold rice (left over) 257/1adli with
cturney/kald

Lunch Rice 360/kali/salbar 30/rasam 40,

Tea Coffoe

Dimner Rice 240/kali/sanbar/rasam 30

G W W W W D G G S B W G W A D D R OH TS W A W D W S W

This table ehows that She target ehildren gonsumed
adult food in very msall guantities, There were absolutely
no special weaning foods fed to these poor ehildren,

The gommon dreaixfast items of the target ohildren wero
rice/kali/1ddls, Lunch consistedmainly of a rioce/ragi/
sorghum preparantion with a watery smmbar with little or no
vegetable or with rasam, '

Quantity of rew foods consmmod by the target children
are presented in Tadle V,
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TABLE V¥
THE MEAN DAILY FOOD CONSUMPTION OF TARGET CHILIREN

W 6 @ @ WA GO > B @ w W OB G W W B G M D W B B T S e WD W s W

Pood stuff Qeantity (g)
o @ 4 @ W D 4 G @ G W B W& G S G W 4 W @ S O W B e - T P ° » @

Rice~Parboiled/sorghun/

wheat/ragt 170

Redgrem dhal. 10
Onion-small
Buttersilk 20

Ground nut oil ]

0 W G 4p > W M N S E G W W W R W W A ® WD e e e

Prom the above table it is elear that the salorie and
protein requirements are inadequate in the foods consumed
by the Sargct @hildren, This was primarily due to their low
economic oondition ané due to lack of knowledge among the
nothers on low cost mutritfious foods which may be fed te their
young children.

Calorie =nd protein intake of target ohildress

Table VI gives the mean calorie and protein intake
of sarget children,
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The nean intake of calories in the home diets were.
found $& be below $he recommended allowances of ICMR (1971),
Supplementation of the diets of the opt!dren with ordinary
maige diety opaque § maize diet and skimmed milk diet has
helped in dridging the gap existing in the intake of

calories,
4 ake O ldren: .
Table VII shows the caleium and iron intako of
target cohildren,
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MeaN NUTRIENT INTAKE OF TARGET CHILDREN IN

SkimmED Mitk GRoUP
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The mean intake of salctium and irom in the diets
were found below recommended allowances of ICVR (1971),
Supplenentation of the diets of childrea with maize based
diets and skinmed milk diet imorensed thoe intake of caloium
and iron, Oaleium and iron content of the oalciunm and irom
supplenonted opaque 3 maise diet was greater them compared
to the other diets,

Yitenin ingake of target ohildrens

Table VIII gives the ncan vitamin intakes of target
childrom,

TABLE VIIX
THE MEAN VITAMIN INTAKES OF TARGET CHILDREN

W OB W = @ N S W S e @ IR S A W S e G W W W W W - W

Recounen- Urdi- Opaque- Caloium Skimmed Con-

ded Al-» nary 3 and iron milk trol
Nutrients lowance wmaise maice supple-
ICMR nont od
1071 opague 2
saise
B-~C 0x 0=
tene (hg) 1000 1881 1750.8 1754 .8 1616 127
Thiaaine
(ug) 0.6 0.9 0.90 0,88 0.58 0.44
Riboflavin
(Mg) 0,7 0,48 0,41 0.42 0,83 0,38
Yitamin C
(Mg) 30-30 37.3 48,8 49,8 20.9 7.5
Folic acid
(hg) 50-100 199 196 196 49 28
Vitanin ll13
(Ag) 001,00 0,42 0.13 0.11 0.32 0.1

@ W A e W W A WG G D W W W WS A T D S B D



This table shows that folic acid and vitamin '18
necessary for the proper utflisation of irom in the body
is not present in adequate amounts in all the five groups,
This might be the reason for insignificant increase in
Haemoglobin content of the target childrem evem after pro-
phylactic dasage of iron ik Sheir diets,

Effect of calojum supplemengatfon:

Table IX shows the initial and final body weights
and ocrown to hec) lengths of the target children,
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TABLE XX

MEAN INITIAL AND FIRAL BODY VEIGNTS AND LENGTHS OF THE
TARGET CRILDREN

- Moo @ ® & B 0 e O O G O O e e D e e % e et S P e e S e

Age Veoight 4m kg Height 1im em.
‘. BOOOGR PR n DRSS PO OREN P OOPRSEP U RNEGee St ene B ode

BOR~ Diffe~ Imi- Diffe~
ths f::; Finol _once o101 Timel o oace

- oo & ® ©® & S S O O B O PO ST eSS e D e S -

Ordinasy meise 12«17 9.38 10,09 0.9920.5% 78.7 8t.1h R.k4s1328

Diet growp

Opaguest maise 9. 76 10,74 0.9920.07 82.1 BA.6 2.521-0
sSupplemented

opaque-2 maise 9.30 11,06 1,7420.33 79.2 81,9 2.721.138
Skismed milk 9.88 11.30 1.3200.36 79.8 83.4 ).640.82
Centrel - 9.86 10,40 0.3430.28 72.8 73.3 1.520.83
Ordinary maise 1820 11,5 12,83 0,7320.39 89.3 91.7 2,4:0,72
Opaque~2 seise 10,57 11.78 1.2120.73 86,0 88,8 2,8,0.09
Supplemented

epaque~2 maise 10,7 11.96 1.,2630.28 80,8 94,0 3.291.29 -
Skimmed uilk . 10.98 12.328 1.3420.48 8A.9 87.9 3.040,08
Centrel 10.20 10.58 0.3820.,77 80.7 82,7  1.4:0.00
Ordinezy maise 25-30 12.99 13.9% 0.95:0.50787,9 90.3 2.,400.,43
Opayue~2 maise 12.39 13.358 0,9990.6% 88,0 90.8 2.8,0.78
Supplemenged

epaque-2 maise 12.53 13.92 1.3990.,36 88.7 91.9 3.2:1.8%4
Skimmed milk 12.7% 14,21 1,0740.33 85,0 88,0 3.090.78
Centrel 12.00 12,93 0,5920.007 88.9 88.3 1.320.94

S % & » B S S e eSO e PG DR DTGP O O P e e

In eaoh sge grewp, the imsrements in veighte and leagths eof
Sthe maise based dietr and skimmed milk were Compared with the eomtrel.

The insrements vere found te be sigaificant 4in all the greups. ('s*
velues are given ia Amnexure VII). The inerements in skimmed milk
diet were found te be sigaifisent ever opaque-2 maisne diet but

et significant over supplemented opaque-2 maise dies.
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Bansal et al (4964) found shat in Indian children sub-
sisting on low levels of calcium (300 mg/day) supplementation
of ocalcium $¢ & level of 500-T00 ug/day for a pericd of six
months d1d not bring about my significant improvement in
Sheir growth performance., It was obsorved that there were mo
significant difforences mnd radiostecastrio measureaents bet-
ween the experimental mnd contyol groups,

Gopalan (1970) eunrried out exporiments S0 decide whether
the laok of response to galoium was due $0 other ommxga in
growth @aused by protein or ealwrio defiodiency., Additional
oalories and protein were supplenented and even in such situa-
tions it was found that the inorcased oaleium intake was not
associated with any eignificant ioprovement in growth or phy-
siocal developuent,.

Table X gives the mean weight and length of the sarget

ohildren socording te the experimental grourd, regardless of
age aifference,



TABLE X

MEAN REIGHT AND LFNGTH OF TARGET CHILIREM ACCORDING
TO EXPURIMENTAL GROUPS

a8 G G S W AP W F D 4D W IR W P S & @ W W S W @ W W W W W S G ® B ®

Weight in kg, Length 4n on,
Diet Group ——— -
tial rensce tial rence

Ordinary maise 11,33 18.14 0588;0.01m 86,2 88,Y 8.43:_0.0001
Opaque 2 maize 10,0 13,00 1,1030,04¢ 87,8 90,8 2.9240,66

Supplement ed

Spaque 3 maise 10,82 12,28 1.4620,208 054,97 88,40 3.82+0,07
Skimmed nmilk 11,14 12,37 1,1740.,145 83,38 86,8 3,1440,49
Control 10,83 11,39 0,76+0,00 50,8 62,3 3,1+0,08

- @ W e e W GG S W W W W W T U S W WD W T o e W P

This tadble reveals that ealeium and iron supplomentod
opague 3 maise diet group ohildren were bettoxr $han tho other
groups with regard to the i{norement in height. Skimnod milk
diet ranked first with regard to inoreaso in weight. But the
difference between the caloium and irom supplemented diet and
skimmed nilk diet were not statistically significant,

Table XI indicates the growth index of the target

children. i% x 100) (Swaminathan, 1971),
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TABLE XX
GROWTH INDEX OF TARGET CHILDREN

G WU W W A NP G G W TS AP D Gk S D S AR A WD WD W W W W W

Diet groups Initial Final

P G W WG WD S WE W W G S W ® S s e DN eSS

Ordinary maise 0.18 0.17
Opaque 8 maise 0.14 0,18
Calciun and iron supplemented

opague 2 maise 0,18 0.18
Skimned nilk 0.46 0.17
Gontrol 0.18 0.46

A G D B G G W @ @ W A e S S W BN S S S e W @SS e W

Growth indox of the childrem show that the target
children were in normal growth at the beginning and at the
ond of the study,

Table XII shows the mean hoad, aras and chest eircum-
ference of the targoet ohildren,
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There vere siganificant imsrenents ia the metsure~
ments of the arm, head and chest oh@amn of She
ohildrea belenged teo the caleium and irem supplemented
opague-2 maise diet and skimmed milk diet over erdimary
maine di0¢, epague-2 maise diet and heme dies.

Skelata) statug

Anterie posteriey radiegraphs of hand and pelvis
vere Saken for twe ohildrem ia e¢ach group a2t the bdegia~
Ring and as the end of the study (Figure]IX) celeiwnm and
iren supplemented group shoved inerements in bene age but
vere aot significant. This might he due te the imhiditory
sstieon of phytate present im the seresl 4ia the abserption

of onletum,

This study suggests that the skeletal resardatiea
found 4a young children may be due (¢ eaergy pretein
deficiency. In sddition vitamia A and csleium defictiensy
may be 8lse erweial factors Lin premoting grewth.

Table XIXI shews the bene age of the target
ehildren:. Bene age wvans celeulated by cemparing the
rediegraphs with the standard (Temmer of 2], 1968).

>
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TABLE XIII
BONE AGE OF THE T ARGET CHILDREN

P M R AR WP GF GE O S W A TH Gl WP P AP R AR W M R B W OF W W@ W W W W ®»

Bone age 100
oEonoio;!oa! age

Group Ini- Incre-
tial mnent Ind- Inore-
t1al nent

ﬂ--ﬂﬁ"‘--ﬂ'--’“-“ﬁ.ﬂ--ﬂdﬁ-“"
ordinary maine  § 0.4 1 9
Opaque~3 maise 0.6 0.3 40 15
Calofium andtiron
supplemented
opaquo~2 maise 1.8 0,9 {3 24
Skinried milk 0.6 0.0 30 16
Control 0,8 0.4 30 10
Mean 0,0 13,0

2 0,22 * 8.3

4B G0 S S B OGP SP U WP 4B b WP D W WP P 9 W W W A E B m T B e S e

The above table shows that the imorenont im bone age
of $ho ohildren who recoived saleium and irom suppleaented
opagque~2 maise diet ranked first, This inorenent might de
due to the inoreased amount of calofum mpplenented t0 the
diet, But the inorcacnts were not significant,

Table XIV shows the skeletal status of targot
children, Cortiocal thickness of the fomur was moasured at
the distance of half She maximum pelvic width from the lowest
point of contact botween the acetadulum gnd $he head of the

femur,



TABLE X1V
SKELETAL STATUS OF TARGET CHILDREN

OB WP N A D D W @ WM W MW PSS - - oo S
Area of IIX Sercicef thiskwess me,

netao al and 2nd metacar- !'mt,,

its phalanges pal bome o,
Groups . ma,
Infe Incre- Ini= Incre« Ini- Inore-
tial nent ¢i2]l ment tial neht
- e dn G W WP W B W o S W G B W@ W @ O T B W W @ 5 @ W @ W B G I
Ordinary maise 46.8 40 1.8 0.3 3.8 08
Opaque-3 maise 80,0 4.1 1.6 0.3 4.0 0.7
Calcium and iron
supplomented
opaque~2 maise 53.0 4,8 1.8 0.8 4.1 1,0
Skimmed nilk 300‘ ‘to‘ ‘.' 0.4 8.‘9 0..
Control 46,2 2.3 1.5 0.1 3.0 0.3
8,92 3 0,08
Meon s 0,37 . 013 0.8

@ o o O O T W S G S W S > S DG S W W W W T W W W e W o

Skeletal status of the children showed that the recaults
wore not statistically significant.

Lime powder 819 ng, was supplenented to opaguo=2
maige déet $0 equalise the caloium oontent of this diet
with that of skimmed milk diet, Lime powder was included
in the nidmorning, mid-afternoon and lunch preparations and
ohildren consuned it quite ecasily.



The total intake and exoretion of oaloium by the
target children is presented in the tadle XV,

TABLE XV
POTAL INTAKE AND EXCRETIOR OF CAILCIUM BY THE TARGET
CHILDREX
@ W W ) G 68 G D B B N @ @ G G G T EN T GF S Wb 4B WD 9 W W oy B W W
Calcium mng,
Groups N Exoretion
Intako Balamce
Urine Feaces
W AD B W W W D U A W W G O T W D O W G D A A W W W W = W
Ordinary maiso a8 82 198 ¢ 88
Opaque~3 maise ase 71 107 +110
Calcium and iron .
suppleaented
opaque-2 maise 8230 130 320 +170
Skimmed nilk 1240 aos 688 +160
Control 188  ; §  { ] + 76
100,.8
Mean s 37.9

@ W ar B A D T W N D W W W W W W WP

The rectention of ealciua in the caleium and fron
sipplemanted opaque~2 maine was greater than the other diets.,
Skimmed milk diet ranked next. The retention in the calstun
supplemented diet was not significant and this sight be due
t0 the interferemce of oxalate and phytate in she absorptiom
of ¢aloima,

Table XV1I shows the phytate and ommlate oontent of
the differont diets whioh might have interfered with the
abgorption of ealofum,
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TADLE XVI
PHYTATE AND OXALATE CONTENT OF VARIOUS DIETS

- W AR W d WD G T S T W W G AR D G W S WA W W WSS W T A W W W

Phytate Oxalio acid
Group ng. ng.
A P A W T G W WD I S WS S WD NG S W™ e D
Ordinary naige 389 199
Opague~2 maige 580 107
Caloium and iron supplementod
opagque=-2 nnise 388 499
Skimnod milk 310 190
Control 370 188

- M) b W W) G W @ @ o W G @ @ T W P WD D D "W e

Effect of irem swpplementations

Table XVII gives the mean haemoglobin content of
the target children,

TABLE xVII
MEAN HAEMOGLOBIN CONTENT OF THE T ARGET CHILORIN

"W WD A0 B W W ST W WD W T G B W WD S W W

_ Mean valus (grams per 100 ml)

Group o
Initial Final Inoroment

T A W B O O W & W WD S S o @GRS e W U S T A W W
Oordinary maise T.0 8.6 1.6
Opaque-2 naime 6.8 8,9 3.1
Caloiun and iron supple-
meuted opaque-2 maise Tk 8.6 3.0
Skinmed milk | 9% 1 9.3 8.4
Control 8.0 7.9 1.4

1.94
Mean + 0:88

@ O Ip W S O W W A WD W S W W G WD TR S S A W o W e W e G

"o ( verage) 10.89/100 ml.



Judged by the WHO standards all the target ehildren
in the five groups were anaeaieo to start with, Greens was
.suppleaented in all the diocts except the eontrol onc which
improved the haeaoglobin eontent of the target ehildrem,
Suppleuentation of 4iron in the form of ferrous sulphate
%0 the opague-2 maise diet improved $he haenoglodbin eontemt
and 1% was not significant,

Tadle XVIII givos the peroemtagoe elassification of
target ohildren according t0 the severity of amaemdia,

TABLE XVIII

PERCENT AGE CLASSIFICATION OF TARGET CHILDREN ACCORDING TO
SEVERITY OF ANAEMIA

- B O Ay W W W G Gy & W @ B B W W W @ & w > W B o e @ W » e @

Normal Me Moderas Severd

Groups Ini- P4~ Ini- Pi- Inie Fi- Ini- Ple
44al mal ¢ial nal ¢$i1al nal ¢${a)l nal

o A WP d W G G W G A TS W ) AR P G S AP VB AP D WP T W P W W W A s W

-y

Ordinary

maizo 10 16 50 B4 20 18 20 18

Oopaque-2 maisnce 18 20 82 86 a3 18 10 e
aloimm al{d

,i'.:e.a%..

2 naise 1§ 38 88 60 28 8 m

Skimned nilk 18 17 34 83 22. 20 13 10

Contyol 18 ] 43 49 32 32 8 13

B 4 a5 % A B M W@ W W® W 5 s G AR W G5 ® W W B W W @ G B > W W B o

®A deticient of upto 100 1, of hacmoglobin from tho
normal mean (WHO standard) 19 considerod as mild, 2 to 4g/
nl. as moderate, 4g. or o 100 ml. a8 gevore cusenia,



Due $0 high prevalence of anaenia among the jarget
ehildren prophyactic dosage of iron was suppleaented with
opaque~3 maize diet, This inoreased the hasmoglodin ¢ontont
of the target childrem and in turn decrcased the severity of
anaemia among the target ohildren $0 & great extent,

Gopalan gt a], 1974, stated that the prevalense of anaenin
decreased with increasing age, Moderate and severe dogreos
of anaemia were more frequently seon in younger ohildren

below 3 years of age,

Jren inteke and exoretions
Table XIX gives the mean intske and exoretion of from
by the targoet ohildrem,

PABIE XIX
MEAN INTAXE AND EXCRFTION OF IRON BY THE TARGET CHILIREN

O B G W W D U W IR WA S W W W W T U G W A W W AR e m e B

Iron mg.

Groups Intake Eoretion  ralance
Fasces

AP W W A e W W e W SR S e S SR D A S B O S W o WGP SR MR W W W B W W
Ordinary maise a3 22.9 * 0,8
Opaque~3 maiseo a 20.8 + 8.8
Calcium and iron supple-
nented opaque-3 maise 80,8 79.0 + 1.8
Skimned milk 30 20,8 +» 0,8
Control 7.2 7.0 ¢ 0.2
Mean 0,86

+ 0,490

G O G W W W D S ED WD D SR GG A G W W W IR WD A W S w



The results of the iron supplomentation to the opaque-2
maise diet showed thatthero was 1ittle inorease in the abscr-
ption of iron when eompared to all the other diete, Layricee
gt 8] (1973) have shown that maise meal t@ which 60 mg of
fortification iron in the form of forrie chloride has dbeon
added pernits the mean absorption of omnly 0.8 mg. of irom in
an iron depleted population. In the present study also the
rate of abdbsorption of iron in the iron supplenented opaque-3
maizse diet was higher than the other diets dut was not
significant,

Apte and Vemkataohalan (1964) showed that iron absor-
ption from diets containing phytate ean be inorcased by in-
oreasing diestary ealoium, the maximal absorption being observéd
when the diet contained 1500 mg. ocaloium,

fowever, the diets of the poor segmonts ef population
in India are mot only predominantly oereal based, containing
high phytats, but they are alseo low ia ccloiun and asoorbie
acid, Irom sbesorption from moch diocts may, there, bHc axpected
to de poor, Chemioal balance studies employing such diols
gave values for iron absorption ranging from 7 to 30% with
an average of 19% (ipte, 1068),

Gopalan (4970) has suggested that for all practical
purposos the average net absorption may be eonsiderod not
0 exceed 10%,



Clinical oxominations
The 6linical picture of Sthe target ehildrem at She .

beginning and at the end of the study 1is presented in
Table XX.

TABLE XX
OLINICAL PICTURE OF TARGET CHILDREX

- a @ @ B W W@ W O G W W © O G D W W ¢ @ ®© g ® P W D W P G N SN
Oordinayy Opaque-8 Calcium and Skimuod Con=
maise maise irom supple- ailk trel

monted
Syaptoms 2 maise

Infe PFlie Inf~ P« Inte Pie Ini~ Pl Inf-Pi-
tial »al ¢1al nal $ial nal ¢ial nal ¢ial nal

) @ s> W W O G @ ® B S @ D W W W W P O T W WS S

Protein calorie

Malnutrition

Mila 12 9 10 8 10 [ ] 11 T 18 20
Moderate 3 1 8 - a2 - a2 - s 1
Severe - - - - - - - - - -
Vitaain A

deficioncy 8 3 4 23 |  § 3 | 4 4

Vitanin B«-gom~
plex deficiency 8 ] T ¢ : § | 4 s 8 ¥

Anacais 19 16 31 18 g0 10 20 &3 20 18

B @ A @ B ® B P B W W W U A S W S W BN S S S @S

The most predominant ¢linical syndroms were nild ferws
of protein g¢alorie malnutrition end anaemia, To oonsidcrabdble
extent vitamin A deficiency and B gomplex deficiency symptoms
were alsc present, The number of children manifesting the
various symptoms of dofiefienocy diseascs had deoreased te &
great extent at the end of the study especially im the



calcium and iron supplemented diet and skimaed milk diot 4in
eomparism with ordinary maise diet, un-supplemented opaque-2
maigse 4iet and home diot,

In eonclusion, this study demonstrates the feasibility
of improving the growth of children by supplementing loonlly
available limepowder which will increase the absorptiom of
iron and also help ia the growth of bones. This also suggests
that galoium deficienoy is a erucial fastor in the aetiology
of skeletal retardation in young children, Suppleaemtation
of iron in the from of ferrous sulphate tadlet in excoss amount
hoops $¢ increage the haemoglobin content and will provent
anasmia t0 & eonsideradble extent. This supplchentation must
be earried out for a lomger $ime t0 get good results,

Rosults show that the growth promoting adbility of
skionod milk diet in the provious study was due to its better
quality protein and mot due to its higher caloium eontent,



V. SUMMARY AND CONCLUSION

A study was designed to evaluate $he oaloium and {iron
supplenents in addition to & mainc dased feeding 1o & selectod
groups of preschool ohildren of the age 18«30 months, The
growth and nutritional status of the target childrem were
evaluated in terms of their monthly body weight, orown teo
heal length, measursments of chest, arn md hoad eirounforence
for a period of six months, The specifio index for calctium
gupplenent was 'Bonearo' oaloulation through xray photographs,
A evaluation of food galefium, urinary calocium, faecal ¢alw
ofum, phytate &nd oxalate sontent of the dlets were used to
throw further light om the utiligzation of dietary caloiumm,

As for irom supplementation hasmoglodbim on finger priok blood
sanples was used as the indes for evaluation, PFaecal iron
and dletary iron analysis wu;e garried out €0 evaluate the
avad 1ability of firon suppleoments in the dlets.

An earlier study was sarried out in this ladoratory
(Devadas, 1974) te evaluate the 'growth promoting ability.
of opaque~3 maise, ordinary maise and skimmed milk with
Selected groups of preschool children, The supplomentary
diets used in this were iscoalorie (430) and isoprotetin (10g.).
The results showed that the growth rate of target ohildren
fed with opaque 3 nmaise diet ranked next $0 skimwed milk
diet, Am exsmination of the mutrient eontont of the diets
revealed that the skimmed milk dfiet provided an excess amount



of ealoium tham the epaque-2 maise dies. It wvas felt that
the grewth premoting ability of skimmed milk diet may de due
teo 4180 botter qualisy preteia or perhaps due te higher ¢al-
oium osatent sinse sll the ether mutrients vere equwal and
appeared te be adequate ia the twe experimensal diete.

The present study was sarried out te ansver the
abeve speeifie question whether the better grewsh preme ting
abilisy of skimmed milk diet 18 dus £0 better quality pre-
Sein or due to higher calcium contont when compared with
the dpague=-2 maise diet. Thus the maim objestive was to
£ind eut the effect of saleium supplementation vith epaque~-2
maise diet ia cemparisen vwith skimmed milk dies, vhea fed
to presehool childrem feor & peried of six meamths, CGaleium
lactate tablets were eestly and could supply only less
amount of ealeium, therefere lov eost indigenous souree,
lime pewder was supplemented in the epigue~2 maise diet oo
e souree of ealeium. 319 mg. of lime pewder vhieh provided
338 mg. of ®aletium vag mapplemented per ohild per day.

Apart frem grevth retardasien, irea dificiency anasemis
was prevaleat ameng target ¢hildren. They cocnsumed adbout
10 mg. iren/day frem their heme diets and frem the experi-
mental diste. Dut inspite of this apparently satiesfactory
intake; irveam deficiency ansemia was found aseng those ehile
dren. To overeeme this defieieney prephylectis firea vas
supplemented 60 mg/day/ehild te the target shildrenm in
this study. |



The results of the study revealed that all the target
ohildren belonged to low gooio economic status, They consumed
adult food in very smll qmmt!.tiou and there were absolutely
no special wesning foods fed t¢ them, The ealorie requirement
was found teo be imndequate in the foods ccnsumed by the targes
ochildren, This was primarily due to their low economic 60D~
dition and due to lock of knowledge mmong the mothers om low
oost nutritious foods which may be fed to their young ehildrom,

The mesn intake of salories in the home diets were
found to be helow the recommended allowsmoes of ICMR (1971).
Supplementation of the diets of the ohildrem with ordinary
maise diet, opaque=2 maise diet and skimmed milk diet has
helped in bLridging the gap existing in the intake of ealories,
The mean intake of oalojum amd irom in the hone diets wore
toﬁnd below recomnmended allowances. Supplementation of home
diets with maize based diets and skinwed wilk dfet improved
the caloium mnd iron eontent of the diots of target children,
Inoorporation of lime powder and irom tablet in opaque-3
mnaize diet inoreased caloium and irom ocontent,

The imorements in body lengths and weights of supplo-
neated groups of childrem were found to de higher tham the
control group of children, Dut the inorements among theo
three maize based and skimsed milk diots were mot significant,
The inorements in head, arm and chest oircumferonce of the
supplemented groups of shildren were not significant,



Anterio-posteriar readiographs of hand and pelvis of
the oaloiua and {ron supplemented opagque-2 majige diet children
showzed increments in donsage bdut the increments were not
significant, This might be due to the inmhibitory action of
phytate present im the cerecl in the absorption of caloium
or due to too0 short & study perfiod or othor eomstraints in
the growth of the ohildren, Inorenments in the area of III |
metacarpal bone and fesur werc there, dbut the inoremonts were
not significant among the target ohildren,

The retention of ealoiun in the calofium and irom
supplencntod opaque-2 maise diet was greater than the other
diets, Skimued milk diet rvanked next. The retemtion in She
¢aloiun supplenented diet was less significant and this
night be AGue t0 the interference of cmblate and phytate im
the absorption of caleium,

Judged by the WHO standards all the target ehfldrem in
the five groups were anaemia to start with, 33 g. of green
leaty vegetablos were supplemented in all the diets amoept
the control onc, which improved the haemoglobin eontent of
tho target childrem. Supplementation of tron in the form of
ferrous sulphate to the opague-2 maige diet improved the
hasmolglobin oontent upto 35%,

The results of the iron supplementation showed that
thero was only very little (2%) inoremont in the adsorption
of iron when Gompared to all she other diets.



The nost predominant elinieal syndromes weroc mild
foras of protein oalorie malnutrition and anaemia, 5 to V.
per ont vitanin A defioiency ahd B oomplex defisimncy were
also prosent, The target ohildren who had the various sym-
ptons of deficiency discases had Georeased $0 a great extent
at the end of the study especially in the cnlefum and iron
supplenented diet group and skimmed milk diet group in comw
. parison with ordinary waisze diet, unsupplemented opaque=3
maise diet and control dMet,

In conclusion, this study demonstratesthe feasibility
of improving tho growth of children by supplementing locally
available 1ime powder for & longer period under sontrolled
sonditiong. Supplementation of prophylustic from for a
longer period $0 the anasmic children might improve the
hacmoglobin contont of the targot ehtlirem and might prevent
anseaia t0 & consideradle extent, Rosults show gthat the
growth promoting ability of skimmwed milk diet {m the previous
study was due to its bdettcr quality protein and mot due to
its higher calcium content,
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ANNEXURES



ANNEXRE X

Questiomnaire to elfait informction on Scofiow-economie
baokground of the families.

1. 1, Sertal nunber: Streets
2. Sample villages House Numbers

11, Rousehold particularst

b,

a.

Name of the head of the family
interviowed:

Rerson intervieweds
(related to the head of the family)

Religion

t. Hindu 7
8, Christtan [ 7
38, wusits 7 77
b lvesity) 7
Castet

Type of family

1, Nuolear 7

3. Joing 7
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ANNEXURE 11X

Wutrition Assessment schedules

8,Nos
Name of the village/Blook: Date of Aosessment
Name of thc ohtld: b { 1z

Initial Pinal
Nane of head of the familys

Boys/G1irles Aget

A @ W W @ W W P S WD WG BT W ® O G E DG DG e

Clinical examination  § ) § 4

™ O T W WGP W DS G WP W W WD AW W W S BN

Anthropowetry
131 Laagth (om)
143 Igtght (xg)
Clinical eyaminations
311 Loss of lustre
818 Thinning
313 Sparse

234 Discoloured
2:8 Basily plucked

Fagey

8311 Moon face i;::ry :::o:::
gv ]

813 Nase ladial dysebacea

T W G W W W G WS W WD P G P WSS W S

Cont@ecoes
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Clindeal axaamination 4  § 4
> ® @ W WG W DG EED DT PE PG DV SO
Nails

1031 Xoilonychia finger nails

Musculo gkeletal sygteus

1214 cranjotabes

1212 Beading of ribs

1218 Knook-knee, Bow legs

12:4 Rpiphyseal enlorgesont
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AEXURE IV
HAEMOGLODIN ESTIMATION BY CYAMATREMOGLOBIN METHOD

Reagentgs
4. Drabkins Diluent solution
Sodfum biocarbmate - 1 g
Potassium oyanide - 0,08 g,

Potassiun ferricyanide » 0,20 g,
Distilled water t0o make «» & litre,

This solution should mot de used after it forme &
precipitate on the hottom of the storage dottle, The solutfion
is presexrvod in & dark brown bottle and preferably under eold
stornge, 1t¢s preparstion and handling should de done with
groat oare,

Erogedure:

i, Exootly § ml, of Drabkin's diluent solution is
measured into a dry test tube from a dburette or
a pipettc with suction dulb,

2, Exeotly 0.03 ml, of dlood 1is transferred i &
standardized Haemoglodin Jtp-tto into the dfiluent
golution, usual care in filling and cleaning of
loaded haocmoglobin pipette -ust be observed,

8, The pipetts is ringed threo timesn with the diluent
solution, without allowing the forwation of aiy
bubbles in the solution,

4, Tho dlood and the diluent are thoroughly =ixed
by the rotating the tubo,

8, 10 uninutes time 1e allowcd for the formation of
the oyanmethemoglodin,

6, § al, of diluent solution is used as dlank,

¥. ¥ith green filter No.340 the readings are taken in
& photoeloctric golorimeter,



7

Calibration Prooedures

1.

3.

4.

Total blood irom 1a determined by wong's method,
This determination woyld give absolute amount of
Hoemoglodin,

Exactly 0,03 ml, of this known blood sample is
measured as above into 5-0, 7.5, 10,0, 13,8 and
15.0 ml, respectively of diluent solution and
aixed by rotating the tubes., These solutions are
now equivalent to blood samples containing res-
pectively 100, 87, 30, 40 and 30% that of the
original solnhoa.

The intensity of the colour is read using green .
g!;tc 840 against diluent as Dlank set at zero
L o ]

On a graph paper a standard graph is drawm using
these haemoglobin concentration and corresponding -
Qensity values,



ANNEXURE V

ESTIMATION OF C ALCIGM
(Method of elark and eollip)

Reagenty:

i, Asmsoniun oxalsate &% solution
8. Aomonis 2% (V/¥) solution

3. Potassiun permanganate 0,01 N. PFPrepare froshly
before use by diluting stock 0,1 N solution

4. 2 n sulphuric acid,

Procedures

8 g« of the food sample and § g, of faecal matter
were transferred into & crucible separately and they wore
kept over fire and charred, Then $he oharred samples were
kept in a muffle furnace for 4 hours and ashed, The ash
shus obtained was dissolved 4n a fow drops of eomsentrated
hydrochloric acid, transferred into a 100 ml, standard flask
and made up to the mark with distilled water, 7This ash
solutfion was used for the estimation of oalotuxn and fron,

One nl, of urine was Saken for the estimation,

1, One ml, of the test solutiomws pipetted out
into a elean test tube,

8. AGded 3 ml, of distilled water

S, \dded a drop of nethxlorauo indtcator (The
solution turned pink

4., Then added a few drops of ammonia $111 the
solution turned yellow,



8.

7.

9.-’
10,

11,

Addod & drop of concentrated hydrochlorie aeid,
The solution turned pink,

The test tube was kept in a boiling water bath
and the contents were allowed to bo!l.

After cooking, added 3 ml, of 4% amnonium oxalate
and a drop of amonia

Allowed 1t to stand overnight,
Gentrifuged $he contents,

Yashed with ammonia, repeated the procoss till
the supermatant was free from mlatt_.

The oxalate free precipitate was dissolved in
X sulphurioc cecid, heated $e TO°C gnd titrated
against 0,01 N potassium permanganate. The and
point was the appearance of pale permanent pink
colour,



Reagents:

1.

a.

3.

4.

ANNEXURE VX
ESTIMATION OF IRON

30% sul ic aoid A, B, (30 ml, Concentrated
sulphuric acid diluted to 100 ml,)

Saturated potassium per sulphate solutioms ¥ g.
potassiun per-sulphate mre dissolved in glass
distilled water and the solution made upto 100 ml,

Potassiun thioocyanate 40% solution: 40 g potassium
thioseyanate are dissolved in 90 ml, glass A~
tilled water, 4 ml. asetone addod and the volune
made upto 100 m},

Standard iron solution: 00,7022 g, ferrous ammonium
sulphate 18 disselved in 100 ml, glass distilled
water, and after the addition of 8 al, of 111
Hydrochloric agid, the solution is made upto 1
1itre and nixod throughly (1 ml = 0,1 sg. Fe)

The standard solution is prepared fresh onoe in
six monthe.

Working standard solution {0.01 mg, iron/ml) is
prepared by diluting the abdbove solution ten~fold,

(Note: For iron estimatfion all the roagents used should be

free firon,

Use of glass distilled water is preferred, If

use of reagents containing traces of iron eannot de avoided,
it should be seen that the final solution of standard and
test contain fdentioal guantities of those recgents con-
tatning iron as impurity).
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Procedure:

To an aliquot (6.3 ml, or less) of ¢he aineral
solutfon enough water is added (1f nocessary) $e make up
%0 a volume of 6.5 ml, followed by 1,0 ml, of 30% sulphurie
acid, 1 ml, of potassiva per sulphate solution and 4.5 ml,
o M Potassiuz thiocyamate sclution., The red colour that
devoloped is measured with in 20 mitmtes at 35409A,
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