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I .  INTRODUCTION

I t  i s  one o f those snonalies o f nature and nan that tho 

oountrios with tho hlghoat ratoa o f  xerophthalmia aro among tho 

perenn ia lly  greenes t o f  tho world, but tho nutrition  a g ram  

leaves do not find  thoir way into tho south of tho small child  

(oonon 197*»)» Daya and night a booono meaningless fo r  lakhs of 

childron  in  India (A lan  Borg 1979)* L ight i s  abut fo r  than fo r  

ewer* Not that thoy woro born b lind  but thoy only did not have 

proper d lo t and nouri shnont • I f  only thoy could have enough of 

wit an in  A or lt a  precursor B-earotono in  thoir food, th is  

tragody could hare boon awortod (Bock 197*0*

V ltan ln  1 doficioncy la  a maj^r public  health  problon in  

India  contributing as i t  does, to a s izab le  proportion of 

proTontable blindness (S r lk an tls  1979)* About ono f i f t h  o f tho 

w orld 's  b lind  aro in  India* Tho nunbor o f b lin d  persona in  India  

today i s  estlastod  to bo 5 n l l l lo n  (WHO, 1976)* Wit main A 

defic iency can be expected whore ewer poor llw ing  conditions e x is t  

fo r  sonotlne, such as aneng iuporerlshed and i l l i t e r a t e  farn  

labourers, d isp laced  households or in  the septic fr in ges  of 

trop ica l conurbations (Oouon 1973)* I t s  proTslonee i s  duo to 

a combination o f poor soc ia l and ecoasaie fa c to rs*

(Rmaallngaswaml, 1975 ) Gopalan, 1975 )*
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T i t u i a  A defic iency  and Hi* epidemiology « f  xM ophthalaia  

hav« bawi atodiad bp a a m a l  (roupa o f ac ien tiata  (Molaron ( 1f62),  

Badger ! a i  (19**0 , Oomen (1969 and 1972)* Patvardhan (1 9 *9 > ).

I t  any country aa eco logica l approach l a  Beaded to de llnate  the 

aauoao fo r  the defic iency o f H t a a ia  A« (Taa Veen f t  a l  197^1 

Brava, 1975) Oaa o f the lapo rtaat eauee o f  the vidaapraad 

prevalence o f  th la  defic iency l a  the Inadequate d ie tary  Intake  

o f the vitam in.

The Boat ra t io n a l nethed o f prevention o f vitam in A 

defic iency  l a  ch ildren  vould be to Improve the d ic ta  eonaumed bp 

than, ao aa te on aura adequate iatakee e f  the v l  tern l a  (V inodiai 

Reddp and La la , 1970 and Devadaa a l . 197f)« Bp encouraging 

eoaataiptloa e f  groan le a fy  vegetablea which are o f lov  coat and 

r ich  l a  provitamin A compound a namely carotenoid a , the lneldeaee  

e f  vitamin A de fic iency  can be oanalderably reduced among peer 

eommunltlea (Rajalakehmi at aJL 197*>t Jean Mayer, 1975)*

Peoda containing p ro fan ed  vitamin A are axpenelve and 

beyond reach o f the peer* Carotene derived from plant feeda  

therefore need te be the ch ie f eeuree e f vitamin A in  the d ie t  o f  

poor population graupa In  Ind ia  (Rao £& 1970), Amaranth la

one e f  the perennial green le a fy  vegetable  actua lly  er po ten tia l 

l l y  a v a ila b le  and can be even grown with minimum e ffo r t  in  the 

kitchen garden (PA0, 1973)* Beaee aueh feeda are worth uaing 

frequently  aa they are very goad aoureea e f  B~earotene, Their 

conaumptlon In  adequate amounta c ap ec la lly  by children  ehould he 

encouraged.
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W o f protein  with i t s  re la t lw e ly  high pro ta in  OM tm t  

o f f  or m eh promlae (Olatunbecun, 1972 ) and l a  derived from 

groan laave i and l a  ana af the riche at sourca o f provitamin A 

obtainable (B ray, 1975)* I t a  B -car a ten a ooatant la  1*A ng/g 

aaeozdlng to P lr ia  (1971) and l t a  eaataat overheats any athar 

plant faad a t u f f  which ara ooaaldared ta ba wary r ich  l a  ® •  

earo tana* Such a uu trlt laua  d a llgh t  which l a  an a l l  anounte and 

at low eoat prawldaa large  amount a o f  B-carotene ahould e a rta ln ly  

ba Incorporated along with athar d le ta  fa r  tha public  health  

Improvement* From th la wlew point tha uaa o f LP a t r le t ly  aa a 

aourca a f  wltamla A would aeon J u st ified , p a r t ic u la r ly  la  

eauatrlaa l ik e  In lda  where tha awaraga d ie t prawldaa fa r  laaa  

than tha recommended amount (Dewadaa and Kamalamathaa 1973 )*

Plant care tana a ara act f u l ly  ab sorbed by human subjects  

and tha abaorptlaa ha a been found ta wary aw or a wide range 

(FAjO/VHO Expert Group 1967 ) *  there ara aleo raparta that auggeat 

that bath tha abaorptlaa a f  B-oaroteae and l t a  eo mweralen to 

Wltamla A arc Influenced by tha protein  n u trit ion a l atatua (BAS*

1970 Beoldea d ie ta ry  p rotein  f a t ,  m inerala* acuta and chronic
of

In fec t ion s , and growth rate  a lso  a ffe c t  tha absorption^!-carotene. 

(Slwakumar* 197*1 Underwood, I 97A end S rlk aa tla , 1975)* the 

FAO/VHO group (1 967) howawar coaaldcrod that the aw ailab ia  data 

on carotene abaorptlaa ara few and w arlab ia  and lad leatod  tha 

aacaaa lty  fa r  further research* Za two recant studies, one
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conducted 'iftnadulti (la g a w a ra  Rao 1970 )  and the ethar l a  

children ( l a l a  jMt a l 1 970) absorption o f  B-earotono froai groan 

le a fy  vegetab les vas found to vary be tv eon 52 and 99 per cent*

However stud ies re la tin g  te the u t i lis a t io n  o f  carotenes 

from d iffe re n t  vegetable  food s t a f fs  by Indian ch ild ren  who are 

su b *e lln le a lly  Malnourished have ao fa r  bean U n ite d  (Rao at. a l  

1970 ) *  St becomes therefore Important to determine the extent te 

vhloh B-earotone from plant feeds can replace vitam in A e sp ec ia lly  

In  the d ie ts  o f poorly  nourished preschool children* The present 

study vas undertaken to find  out the e ffic acy  o f u t i lis a t io n  or 

the a v a i la b i l i t y  o f  B-carotone from tvo vegetable  foods namely 

amaranth and LP<£ ,

The present study vas designed to estimate the b io lo g ic a l  

u t i l is a t io n  o f B«earotene from amaranth and le a f  protein  as  

compared v lth  standard B-carotone In preschool ch ildren  at four 

eonsequtlve periods*

F ifteen  preschool ch ild ren  were selected fo r  the study fan  

S ri Aviaashilingam  Balvady vhe were fed  v lth  Balvady supplement* 

The study eon el sted o f four phases* During the f i r s t  phase 

Balvady supplement aloae vas fed  to the target children* During 

the fo llow ing months In  the second* third and fourth  phases 

along v lth  the balvady d ie t amaranth* IP  and standard B-carotene  

respective ly  vere fed as a source o f B•carotene each fo r  a 

period o f one month* Tovar do the termination o f  each period*
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faeces m i  co llected  and analysed t «  • I t ia a t *  tha n iv tt& o a  e f  

B«»c are tone* Tha determination a f  B«earotene in  taka and excretion  

fa c i l it a te d  the • i t ln t l o n  of a v a i la b i l i t y  a f  B •carotene* Tha 

in d ic ia s  S f 'ev a lu a tio n  included tha aatlnation  o f aarun a lt  M in  A 

le v e ls *  sartat proteins and blood haemoglobin le v e ls *  Thus the 

Study on b io lo g ic a l u t i liz a t io n  of Beearotene Ito n  amaranth 

and iP l «aa  Carried out*



I I .  REVIEW OF LITERATURE

Global lBcidtnot of T it— in  A dtfic iiBC T

V itaa lfi A defic iency  uon| preschool children l a  a 

collide spread problen in  aaajr parts of the world occuring no at 

frequently  against a background o f poverty* I t  has been reported  

to occur in  Burua* Ceylon* Bast Pakistan, India* the Ph ilipp ines*  

North and South Vletnan* South Korea and Thailand* (McLaren*

1958| Oouen jrt *1 G lick  jit a^ 19631 ViJayaraghavan £t a l .

1975).

Over 1000 preschool children were recorded as b lin d  fzon  

v ita a in  A defic iency in  a one year period la  North Vest B ra s il*  

(Slnnons £| 1975) xerophthalin ia i s  a lso  frequently  encountered

in  countries o f the Middle Bast and A frican  countries -  Iran*

Iraq* Jordan* Lebanon, Libya * Sudan* Tanganiyaka and OAR* Many 

cases have been reported fron  central and south Anerican 

countries •  B ra s il*  El Salvador, Guatanale* Mexico and H artl*  

(S rikantla* 1975)

Vitnain A defic iency* as evidenced by xeros is  o f the 

conjunctivas and B ito t spots has been recorded in  5 to 11 per cent 

o f ch ildren  in  Southern and Eastern Ind ia  (Swaninathsn ± t  

i 9601 Soaiesvera Rao et a l ,  195** I Rao at a l*  1960| Gopalan*

19571 1*1. 1956).
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C lla it iX  mad biochsm leal M an lfsstatioa  o f t i t w l n A D t f i c l w y

To M M H  vitamin A n u trit ion a l atataov tho noot to u o n ljr  

naod e l l a l e a l  teat* aro predominantly oeular and thajr gen era lly  

provide e l  ear-cut evidence o f tho d lf le lo n t  state* Tho oeular
K n.

■an lfeo tatleae  laelodo xerophthalmia, xa roa ls  o f tho ooajt^otlvae* 

Bitot apota aa troll aa nan lfoatatlona In  tho cornea* Tho moat 

severe sign o f vitam in A defic iency* keratom alacia* l a  not 

commonly recorded aa i t  progreaaea rap id ly  to blindness* and an 

examination of tho shrunken or ataphylomatoua globe does not 

g ive  any d e fin ite  Indication  o f i t s  aetio logy* (P e re ira * 1968)*

Xt haa boon reported that impaired dark adaption traa 

frequently  aeon In  subjects chose blood vitamin A le v e ls  core  

below 18 ng/100 ml* (Haasen |t a l , 19^7) children  tilth

corneal involvement* hovovor i t  haa boon eonaiatantly found that 

vitamin A e ither cannot bo detected at a l l  or , i f  found* tho 

lo vo la  aro very low (P e re ira  a l , 1966 and Vlnodinl e t a l  1966). 

Vhlle  in  in d iv idua l oaaea aerum vitamin A le v e l a do not always 

corre la te  v e i l  w ith c l in ic a l  status* l a  groups of In d iv idua ls  

there i s  a rough- p a ra lle lism  between serum vitamin A* on the one 

hand* and c lin ic a l  m anifestations on the other* A gradient from 

>5 fig/100  ml in  apparently normal ch ildren  without ocu lar signs 

to below 3 pg/100 ml In  children  with out severe m anifestations 

such ss cornssi xe ro s is  and karatomalaela* has boon found with  

interm ediate values being aeon in  ch ild ren  with eon juctlva l 

xoroslo  and B ito t spoto* Xn children su ffe r in g  from severe forms
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o f Pro to la  C o lor!#  Malnutri t io n , however, even in  tho absence 

o f ocular m anifestations o f vitamin A defic iency , le v e ls  o f oorua 

vitamin a  have boon found to be goner a l ly  lover than In  apparently  

noraal ch ildren* (Din f t  a l . 19661 Pereira  £t a l . 19*>6 | Saith  

ot a l . 1970| and Konno .ft a l . 1968)*

In  Indonesia, preschool ch ild ren  vhooe h ab itua l d iets  

contained adequate anount o f B-carotene but lev  aaounts o f  fa t  had 

lov  le v e ls  o f vitamin A in  oorua^ (Reels f t  a l 1963)*

Thus night b lindness, conjunctival and corneal le s ion s  

along v ith  lev  ssrun v it r a in  A le v e ls  are taanifestations o f 

vltan in  A defic iency  among the preschool children*

D ietary intake o f v i  twain A and B-carotono o f Indian
Children

The d ie t  o f  an average Indian vas lov in  foods of aninal 

o r ig in  and vas therefore, p ra c t ic a lly  devoid o f preformed v i tanin  

A* Milk and other animal foods, because o f their re la t iv e ly  

high cost vers not eaten by the m ajority in  Ind ia  vbo depended 

almost e n t ire ly  on carotene source fo r  their d a i ly  requirement 

o f vitamin A* However, vegetables vbloh are inexpensive and 

e a s i ly  ava ilab le  are good souroes of provitamin A*

Though re ad ily  a v a ila b le , green le a fy  vegetables were not 

eaten in  adequate amounts. In  a typ ica l of the area, the 

ch ild ren 's  food provided an average 'o f juet 180 jjg o f B-carotene 

a day. (Sundararaj f t  al. 1969 )*  Tamil Nadu consumption of
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f r t tn  l t t f y  ▼ • la ta b lii l i  M | l l| lk l «  and only 8 g par day
j

par par aon l j l  tho eonsvaptlon • •  again*t tho rooonaandod 

allewanoos o f  110 g • (D m d a i  197*0 Aykroyd and Doughty (19 th ) 

haws ropoatodly oar nod tho lev  lntakoa of tho vitam in* Aykroyod 

(194k) suggootod that Indians should lneroaso tho oonsunptlon o f  

lo a fy  vogotablos to halsnoo th o lr d lo ts* In  a l l  s ta to sv o f  

India lntakos o f  v lt ia ln  A woro fa r  halos tho rooommandod valuo  

o f 750 ug o sp oo la lly  In  tho lowor lnoono groups* Tho highost 

valuos woro found in  oast Bangal ( 533*A pg) «nd tho lowost In  

Korala (106 u g )»  In  nost s ta to s , Intakas tondod to lnorosso  

with lnoono <NIV 1975)•

SundararaJ and Poro lra  (1975) studlod tho d lo ts  o f  

lao ta tln g  woman In  a KarlJan Coam nity o f a South Indian  Y llla go  

and found that only A-8  par oont o f tho roooanondod allowanco 

was eoworod* •

t *  * • • * * » *  on prowltanln A eontont of foods$

I t  has boon found by Bagoawara Has at a l (196?) that ns 

nuoh as AO par sent o f  tho oarotono o r ig in a lly  prosant In  tho 

food was lo s t  booattsa o f soaking* Whan groan lo a fy  vogotablos 

woro oookod* tho lassos war lad  fro u  87 to AO par oont 

(hajalakshnl f t  ml 197*)« Da op fry in g  or fry in g  fo llo w  od by 

hooting with anall Mounts o f wator oausad narkod dostruotlon  

o f vitamin A» but b o ilin g  lo a fy  vogotablos and potatoos In
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l a  v i t M  raau lttd  l a  l l t l l a  or as la s s  s f  cars tons* High 

tamparaturas s f  dssp fa t  fry in g  nay r s s a lt  l a  esaaidsrah ls Isassa  

s f  B*carstsna from p lant fssd s (Spanasr 1979)*

Hovafsr tlis p s s s lb l l l t y  that ths osoklag praesss might 

danatars sons s f  ths earstsaoids s r lg la a l ly  prssant l a  ths aov 

fssd  s t a f fs  has ast hsaa axplsrad* Cooking rs sa ltsd  la  ls s s s s  

s f  sarstsns l a  ths la a fy  vsgstab ls* ths ls a a s s  das ts  fry in g  

toslag doubls ths Isassa  das ts  h a ilin g *  Whan 100 grams s f  sa rrs ts  

wars sssksd l a  a p rsssars sosksr fa r  f i r s  n lnutss I t  prorldsd  

absat 1890 nga o f sarstsns*

o ffsetting y t j^ ia a t isn  s f  v i twain A 
and B-oarotsas

Thsrs ars several p h y a is lsg iea l fastora  which ara seldom* 

ssaaldsrsd  but ahloh saa ln f la s a s s  absorption s f  vitamin A and 

i t s  precursors (Hndsrwood 197*)« Thsas la s lu d s  a v a i la b i l i t y  s f  

ths provitamins* prsssass s f  sthsr d ls ta ry  ooaponsnts l ik s  fa t *  

vitamin S, pro ta la *  sa iu la lflsd  vitamin A wad p a th s lsg isa l 

csn d itlsas  aueh as  aouts in fac tion s and fs v s r  (L sv is  £t a l . 19^11 

Klmbls vt a l * l ^ f i ) ,  tubsrcu losis* d labstss  (Pepper and 

Stslgmann 19*3) hsart coad ltloas or thyroid abaorm alltlss*

Any d iss rd sr vhiah a ffs e ts  fa t  u t l l l s a t l s a  such as c a lia s  d lssass*  

sprus* In te s t in a l obstruction* b i l s  duct abaorm alltlss or 

pancrsatls d lso rdsrs  a lso  rsdusss ths u t l l l s a t l s a  s f  vitam in A 

compounds* (Hav ct a l* l9 *1 « Kahaa* 1970)*



11

Ia f lm a c t  o f f i t  on tho u t i l is a t io n  o f B-carotono
and Tit

Dietary l ip id s  do not oppoar to bo os lnportant fo r  

u t i l i s in g  preformed vitamin A os they aro fo r  tho provitamins 

(W ilson , 1937)* Oojr Khooa Lion j t  a^  (19*7) and f lg u e lra  ot a l  

( 1969 ) coneladod that d ie tary  f s t  i s  not oasontla l fo r  vitamin 

A absorption slnoo young children  on lav  fa t  d io t ,  supplaaiontod 

with vitamin A and dried skimmed m ilk , had normal plasma va lues.

In  prematura in fan ts  tho amount o f vitamin A absorbed 

appeared to parailed  tho amount o f f a t  absorbed (Henley, 19^*0 • 

Tory lov  fa t  d ie ts  nay s ign ific a n t ly  dooroaso absorption, ospooia* 

U y  o f oarotonolds, sines d ie ta ry  f a t  from which nonoglyeerides 

and phospholplds are produeod by normal d igestive  prooossos 

f a c i l i t a t e  absorption, 0m tho other hand, i f  d igestion  i s  

incomplete, tho proseneo o f  unhydrolysed fa t  could contribute to 

malabsorption o f  vitam in A active substances loading to an 

insreased d ietary  requirement.

Many workers have suggested that tho presence or aboonco 

o f small amounts o f  fa t  as tho veh ic le  fo r vitamin A could 

s ig n if ic a n t ly  In fluence tho absorption o f vitamin A in  Kwashiorkor 

tho absorption being poor in  tho absence o f f a t ,  (8 rikantla ,1975 )

Study conducted by Chandrasekhar an (1973) say that higher 

le v e ls  o f d ietary  proteins and l ip id s  generally  favoured tho 

u t i l i s a t io n  o f vitamin A and tho carotenoids. Sanger £t (1973)
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M id  that there was ao re la tion  between aaaantla l fa t t y  a eld  

■ptake and T l t a i i i  A and I  plana a le v e ls *

Za  a study oonduetad by Roels £t aj. (1959) anall anounts 

• f  f a t  (Iv a n  to young boys vlthout any other change la  the d ie t  

lacreaaed absorption o f 8-aaratana fron  9 per coat to 50 par seat 

and at the sane tine raised their sertaa vitam in A le v e ls *  Xa 

Indonesia* prasebool eh ild ren  whose h ab itua l d iets soatalaod  

adequate aaouats o f B»earetone* but lev  anounts o f fa t *  had lev  

le v e ls  o f vitamin A l a  serun and th is vas ra ised  by mere 

supplements o f eoeonut e l l  (Reels a l  1995)*

These data Indioate that the fa t  content e f  the d ie t nay 

be an Important fac to r l a  the absorption and u t i l i s a t io n  e f  

B-carotene and vitam in A*

E ffec t e f  Protein N u trition a l Status on Absorption and 

U t ilis a t io n  of B-carotene and vitamin A»

An la t e r  re lation sh ip  between proteins and B-carotene both 

at the n u trit ion a l and metabolic le v e ls  has been suggested by 

several verkera (T rev c ll*  195**I Scrimshaw* I 95C1 Ocpalan* i 960) 

in  recent years* (Kotharl at a l  1971 )•  Thus McLaren In  1955 

had observed that a decrease in  plasma proteins might Impair the 

bleed transport e f  vitamin A* This has been r  oaf finned by  

Arroyave and h is eo-workers (1963) In  the case e f eh ildren  

su ffering  from Kwashiorkor• More recently* Arroyave (1 969 ) has 

reviewed much e f  c lin ic a l  and experimental evidence pertain ing to
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the i a fU m e a  « f  p ro te la  d t f it lM o jr  m  tho net aboil mm o f  

v itaa ln  A*

Studios regarding tho in fluence o f protein  n u tritiona l 

status oa absorption and u t i l i s a t io n  o f d ie ta ry  oarotona in  uan 

aro also H a lte d *  I t  ra ts* both tho quality  o f d ie ta ry  p roto ia  

and eoatant o f p roto ia  bars boon shown to in fluoaeo  absorption  

o f  B-oarotona • In  aniaals aaintainod on d io ts  providing k por 

eont p ro to ia , tho absorption and conversion o f B-caroteae has boon 

found to bo lapa irod  (Mathaws at a l  1963)• Diotarjr oarotona has 

boon found to bo aoro e f f ic ie n t ly  u t i lis e d  bjr r a ts  whan oasoin  

was tho souroo o f  p roto ia  than whan stein or g luten  was tho 

sauras (Berger a t a l  1962) Janos at a l 1953)* °n  tho other hand 

a c t iv ity  o f tho in te s t in a l ou iyaa, oarotona dloxygense, which 

converts B•caratana to v itau ia  A has boon found to bo higher l a  

an iaa ls  aalntalned oa d io ts  providing 10 per eont protein  as  

oonpared to those aalntalned oa 20 and bO por cent protein  

d io ts  (Gronowaka-senger and V o lf 1970) • A lso tho a c tiv ity  o f  the 

onsyae has boon flbund unaltered l a  hunan sub jects, a fte r  an 8 

day pail od o f  facting  •

In  a  an, protein  n u trit ion a l status does not appear to bo 

c r i t ic a l  in  tho netabo lisa  o f  1 -carotene* Za sous parts o f  

A fr ic a , h ab itual d io ts  contain rod pa la  o i l ,  which i s  a r ich  

souroo o f  ■•carotene* Za such population through protein  

ca lo r ie  a a ln u tr lt io n  i s  widespread anong ch ild ren , ocular signs
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• f  v itaa lA  A d t f ie iM c y  a rt axtraaaljr ra ra  avan among tho moot 

aariaMa aaaaa of Kvaahiarkor (Soragg a l 196o)« l a  Java* among 

urban school a hi Id ran a f  tha poor 1 neon a group who ara predoed.- 

nan t ip  r ic e -e a te rs , tha pro tain  lntaka vaa found to ha around 

38 g d a l ly  but tha vitam in A lntaka vaa la v , balng aaljr 390 jig* 

nearly  6 par aant a f  thasa ehlldran had B ito t apota* In  diarp  

contrast, Javanese ru ra l ahildran who ata cassava, had only prataln  

lntakaa (10 g* d a i ly ) but a goad amount a f  vitamin A (1000 ug 

d a l ly ) *  In  th is araa Kvaahiarkor waa fraquantly  aaanf but 

xerophthalmia vaa vary ra ra  (K lerks, 11d9),

Thasa obaorvatlona ahow 1hatv avon In  aavora atatas o f  

protoln  e a lo r lo  m alnutrition, d lo ta ry  vitamin A and I t s  proauraotta 

ara s a t is fa c to r i ly  a  t i l l  sad •

Rocant atudlaa In  undarnour1shod ahildran  su ffo rin g  from
uni

mild and nodarato gradoa o f m alnutrition  drawn from committios 

among whom ocular signs of vitamin A defic iency are frequently  

soon, have shown that such children absorb and u t i l i s e  ■•carotene  

s a t is fa c to r i ly  (L a la  &1 1970 and Pere ira  et jgl, 19t t )  Children  

roooivlng supplements o f  about 1000 pg o f  ■•carotene through 

groan le a fy  vogotablos fo r  as short a period aa two weeks showed 

considerable 1 norrase o f  vitam in A lavo la  In  serum from 20 to 

30 pg/100 ml and In  some o f  tha children who had B itot apota 

th is amount o f  ®«-oarotene brought about a c lin ic a l  cure*
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M D a m & s if f  4 H « r » tloni ° f  T l l i i n  a
mu l r t n r r AT-Ti

T l t n i a  I  i i  a fac to r whioh o f foots  the b io lo g ic a l  

u t i l is a t io n  o f e itra in  A* (Redragues and Irw in , 1972) low 

eitamin I  status may ex ist  l a  children  axf fa r in g  flroa hypoeita- 

■ iao s is  a  and PCM, and because t i t a c ia  K i s  noodod fo r  o f f is lo n t  

v it a i ia  A u t i l i s a t io u ,  H e a r  storage and may a lso  a lle e ia te  

hypereitam inosis A i t  i s  recommended that eitam in R bo included  

l a  the la te ra lt te n t  nasslee dose formulation# (Baaernfelnd  

f t  *£  197*)

V i train  A absorption I s  markedly Impairod l a  e it ra in  t  

defic iency* Oral supplementation with d -alpha-tocopherol 

increased tho u t l l l s s t lo n  o f o ra l ly  adninistred eitam in A about 

six fo ld#  Bee a  whoa eitamin A was administered intram uscularly  

in  ra u ls if lo d  from form, u t i l is a t io n  l a  tho w itra in  I  d e fic ien t  

animal was low# With simultsneous in jec tio n  o f e l  tra in  I ,  e i  tra in  

A u t i l is a t io n  was markedly increased (Ames 1969 )*

Tho e ffe c t  e f  eitam ln S supplements on tho absorption  

o f a nasslee  dose o f eitaa&n A was studied by Kuala et al. (197*) 

in  17 normal ehlldroa# The addition o f *0 and 100 mg o f e l  tra in  

K to the nasslee  dose e f  eitamin A ha^ no e ffe o t  on the absorp­

tion  or ro ton tloa  o f  eitamin A, where as whoa 500 mg o f eitamin I  

was gieon, there was a s ign ific a n t  increase in  the in te s t in a l  

absorption o f e l  tan in  A and a lso  increase in  urinary exereti on#



Thu a the in fluence « f  v i twain I  l a  Improving high vltsaula 

A u t i l ia a t lo a  la  not l ln it a d  to laproving la te a t la a l absorption. 

Y lts a la  K l a  aaaontlal f o r  the aoraal l a  vivo a t l l l s o t lo a  of 

v lt a a la  A.

I f fo o t  o f n i t r i f ic a t io n  oa tho abaorptioa o f v l t — in  A»

Following o ra l adm inistration, ploano vitamin A lev e la  

r lao  aoro ra p it f lf  with o au llfio d  vitamin A than vitamin A l a  o i l *  

B nu latfioatloa  laaroaaoa tho apood o f absorption o f an o ra l dooo 

o f vitamin A bat dooa not lneroaaa I t a  b io lo g ic a l u t i liz a t io n *  

(Aaoa 19^9)* However, o a u lla lf lo a t lo a  g rea t ly  onhanooa tho 

b io lo g la a l roaponao o f intram uscularly administered w ltaa la  A* 

l a  genera l» tho greater tha proportion o f o a u la lf lo r t tho groator  

tho b io lo g ic a l roaponao*

0n
g ffoo t o f ia fa c t io n .tho abaorptlon o f vitamin A and 

B-carotanai

Recent atudiea with tho noo o f 11-12 fc t ln p l acctato  

In  physica log lca l anounta have ahowa that daring acato In fec tive  

episodes, H o  ln to a t ln a l abaorptlon o f vitamin A l a  eondiderably  

lnpalrod  (Slvakumar g l  1979)* Xa coaaunltLoa whoro vitam in  

A defic iency  l a  widespread, ch ildron  are expo sod to rocarroat 

in fe c tio n s , and I f  tho d ie ta ry  intake o f vitam in A l a  Marginal 

or lnadeqnate those oplaodoa o f in f  action nay bo expected to 

load to dep letion  o f hepatic atorca*



17

Z a fte liT *  •plaodta a rt  a iM aia tad  with a f a l l  in  

c ircu latin g  le v e ls  of vitamin A* In  subjects su ffering  froai
ediseases such as lobar pneumonia* pleural e ffu s io n s f aeute 

t o n s i l l i t is *  rheunatie fever* erythema nodosa* Jaundloo* n a la r la l  

fever indueed fo r  therapy o f syphylis and in fe e t lv o  h ep atit is *  

the eoncontratlon o f serun vltasiin  A i s  known to f a l l  su bstan tia lly  

but returns to normal* however* fo llow ing reeovory without any 

d ietary  suppleuente (H arris  £ l I9b7* Jacobs £ t e l . 195b |

May f t  a i  19b0| Moore 1937* Popper £t g l  19^3, Shank ot a l  

19b b ).

Xn nany parte  o f the world senior slgna o f v itan in  A 

defic iency  in  ch ild ren  and heavy in festa tion  with Ascarls  

lunbrleoidos e o -e x is t .  Recently* Singh £t (1968) have found 

that nature round v a n s  eentalnedjas nueh as 1.33 lu/g vitasain A 

l a  contrast to earthvom s which had no vitamin A lnjtholr bodies. 

They have also fbund that in  children  w ith  round warns the no an 

serun v itan in  A le v e l  was 1b pg/100 n l as against a naan va lue  

o f 21 ^g/160 n l .

Zn sub jects Su ffering fron  P a ra s it ic  d laeasea in  Thailand* 

Ml go sene ( 1969 ) has Observed low le v e ls  o f v itan in  A in  blood* 

and has attribu ted  th is to reduced absorption o f v itan in  A* so 

Judged by v itan in  A tolerance too t.

Sheehy ot a l  ( 1962 ) have reported that absorption o f  

v itan in  A i s  Impaired in  servers hook worn in fe s ta t io n  while  

Leonard and Sanewell ( 196b ) have found in  their subjects with
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sawara took n o n  l a f M t t t lM i f  l a  A fr ic a ) that v lta a la  A 

abaarptia> teats vara ac raa l and that tha lav  lava la  •  f  aarna 

v i taa la  A soon l a  than aanld not ha a ip la iaad  an tha b a d  a a f  

taped rad abaorptlon.

Hayaann ( 193$ ) ha a shown that la fa e t lo a  daeraaoaa tha 

absorption o f  aaratana and Lawrla at a l (19*1) hatra raportad that 

l a  aoaa d lsaasas , I lk a  paanauaonla and la flaan aa , thara waa canal*  

darabla  oxerotloa a f  wl taa la  A l a  the wins*

Rapaatad attaaka a f  rapp lratory  la fa a tlan a  and fa c to r s -  

a n ta r lt la  nap anhanca tha vitamin A roqulrsaoata by in to rfa rc in g  

with la ta  at In a l absorption a f  tha vitamin (Raddjr at a l 1978)« Za 

ch ild ren , whasa d ie ta ry  latakaa are law and who sa body • tor os a f  

tha wit av ia  ara marginal th is  nay p ra s lp ita ts  e l ln ia a l  n an lfe s ta -  

t la aa  a f  vitamin A defic iency* high ineldanca a f  ln fa s t la a a  aay  

ttma eoatrlbuta s lg n if la a n t ly  to tha widespread prevalence a f  

vitamin A da fla laaay  l a  eh lld ran  o f poor ocmsunltles*

Stadias on B io lo r io a l A v a ila b ility  o f  B-Carotano

Studios on huaan absorption o f food carotona ara l la l t a d  

and tha data aw allab la  ara v a r ia b le *  I t  l a  d l f f l s u l t  to prod let  

with confidence, tha a v a i la b i l i t y  of B -earoteae, as In  many 

studios, tha not hod o f ostlnation  o f B -careteae has lasludod bath  

A  and B-earoteae and la  soaa stad ias othor a are tanas as w a ll 

(S rlk an tla  1979)* Absorption o f B-ssrotons has, however, boon
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found to bo m o t blghor than that o f to ta l oaroteneo* Abeorp- 

tion  o f B-earetene fxoa d iffo ron t food a varied v ld a ly *

Balanood atudioa eonduotod by Vinodini Roddy (l97<>) l a  >lx 

undornourlahod prooohool eh lld ron  to deteraine tho e ffie ien oy  

o f abaorption o f B-oarotono froaljaaaranth aheved that tho aboorp- 

tlon  o f B-oaretene vaa about 70 par oont a la l la r  to that o f 

normal adu lta* Thoro vaa a lao  a a lg n lf  leant inoroaao in  aerua 

v itaa in  A a ft e r  tho feeding t r i a l *

Mur t by f t  ( 1972 )  eonduotod a a tody on 10 voaoa co llege

atudento, vho aero given a d a ily  aupploaent o f 100 g o f  earreto  

providing 1890 jag o f B e ere tone fa r  >0 daya and eat lasted  tin  

aorua v itaa in  A lo vo la  in i t i a l ly  and on 21 at day vhleh dtoued a 

a ign iflean t inoroaao o f  2*8 o f tho aurua*

A atudy vaa eonduotod by Rao ot a l  (1970) on tho abaorption  

o f oaretenee fron  a le a fy  vegetable a root vegetab le* a f r u i t ,  

eryetatfllne B oarotone and a n ixed  vegetable aouroo l a  four adult 

volunteer a on d le ta  lev  f a t  vaa atudiod* While e ry a ta llln o  B -  

earetone vaa ooaplotoly do ear bed, tho aoan percentage abaorption  

of carotene fro a  amaranth, earro t, papaya and tho nixed vegetable  

aouroo wore 58 , 38 k6 and 33 reepeotively*

PrmKaine a ««roea  o f B carotene in  poor d io ta rlea

Preforaod v ita a in  A l a  preaent only in  fooda o f aa laa l 

o r ig in , vhleh are expenalve• On the other hand r le h  aoureoa o f  

B«earotene oueh aa groan le a fy  vegetablee are in  oxponalvo and ean
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to ta lly  aoet Titamia A requirements o f ch ildren* But in  the 

d ie ts  o f ch ildren  belonging to the pooreomnunities among whom 

Titamin A de fic ien cy  i s  a major public problem* green le a fy  

Tegetables are not included fo r reasons other than cost and 

aTai la b i l i t y *

His use o f lea fy  green Tegetables as a source of Titamins 

in  young child feeding has boon widely endorsed (Protein AdTisory 

group* 1973) but* of course* green plants haTo the drawbacks of 

high moisture content* 85 per cant or higher* dietary fibre*  

Because of these factors i t  is  often d ifficu lt*  particu larly  for 

children to consume sufficient green plant material to pro-ride 

significant amounts of many of the Titamins*

Leaf protein concentrate since i t  deriees from leaTes* 

would be expected to contain substantial amounts of most Titamins 

found in plants* (DoTadas and Kanalanathan, 1975) The actual 

quantity w ill*  of course * depend on a number of factors among 

them the following*

1* The plant sourcei both the species and the wariety 
published data on green Tegetables c le a r ly  shows the 
d iffe ren ce  (Walt et a l 19&3 )*

2* The conditions under which the p lant is  grown the 
amount o f water and f e r t i l i s e r  the plant receiTos  
as w all as

3* The protein  processing conditions* These would include  
such items as the method used for coagulation* the 
amount and type e f  washing, and the drying conditions*
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l a  the preparation o f lo a f  protein  concentrate Juat as 

in  the cooking o f green vegetables there la  a considerable lo se  

o f the various water soluble v ita a la s *  I t  i s  estimated that 25 

to feO per cent o f the B caaplex v ita a in  a are lo s t *  The aoat 

extreae le s s  however v i.t that o f ascorbic acid «

The losses o f f a t  •so lub le  vitaaslns are less-work done 

by the U .S departaent o f Agricu lture group involved with le a f  

protein  has shown that the lo ss  o f B -carotene i s  only 15 per cent 

(Knuckles jit a l . 1970) when the process i s  carried  out in  

reconaended Banner*

As can be seen the Leaf Protein  concentrate l a  an extrenely  

rich  source o f B earotene( provitanin A. In  fac t  Just a few 

grans of Leaf Protein concentrate a day w i l l  provide the entire  

dAily  v ita a ln  A requlrenent* le a f  protein  i s  the rich est natural 

source o f V itaa in  A obtainab le . I t  has a lao st twice the v itaa in  

A ac t iv ity  o f le a f  l iv e s  and ten tines that of fresh green  

vegetables* (Bray* 1975)

I t  nay be concluded that le a f  protein concentrate I s  a 

p a rt ic u la r ly  rich  source o f aost v itaa in s  needed l a  the hunan 

nutrition * Unfortunately* i t  is  a eonpletely overlooked source 

at present! a situation  which i t  i s  hoped w i l l  be changed in

the near future*



XXI. EXPERIMENTAL PROCEDURE

Ths present study va t designed to estimate the b io lo g ic a l  

u t l l ls a t lo a  o f B-sarotene fro a  amaranth and L «a f  Protein foods 

as compared with standard B-carstone In f l f t o s n  preschool 

chi ldren at four d iffe ren t p erl ode*

A* SaleotIon o f subJectsi

The study va t undertaken on f l f t o s n  ch ild ren  o f 3-5 years 

of ago selected from S ri Avlnashilingam Balvady* The sanple 

Included seven boys and eight g i r ls *  They were studied four 

tines during the calendar year 1975* in  the uenth o f September, 

October, November and Deceuber. None of the ch ildren  possessed 

any inherent d isorders which night In te rfe re  with the study* 

Their eyes were a lso  tested to check the presence of any vitamin 

A defic iency  symptem* Their age, height and weight were also  

noted down*

B* tlon e f  B-caro tens in  the feodsi

The anount o f to ta l carotene and that of B-carotone 

present in  Leaf Protein and amaranth were estimated using the 

procedures of Thompson et a l  ( 19^6 ) and that o f Nageewara Rao 

( 1967) using alunlna column* The detailed  procedure i s  given in  

Annsxure X* The B-caro tone values determined by the above 

procedures were made use. o f while fonmalatlng the d ie ts  fo r  

the feeding programmes*
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C * Coadttctip* Food Va^ehpoat SUTVOTI

A f i t *  day food volghnont mrtajr v ia  dona in  the fam ilies  

of the subjects* The ch ildren  lived, at hone and ate their usual 

fam ily fa re  vithout any d ie tary  m odifications fo r  the study* 

During the study period the children  sere  not supplied with any 

vitamin or v itan ln  M ineral suppleaent* The average B-esrotono  

intake o f  every children  per day fron their hone d ie ts  vas 

calculated* This fa c i l i t a te d  the estimation o f the nsount of 

B-carotona r ich  supplenent that had to be added to the d ie t  at 

the Balwady*

D. Formulation o f the Balvpdv supplenent d ie t i

Baaed on the food veighment survey a suppleaent d iet wee 

formulated* This balwadt supplement *ae  sane but the source o f  

B-carotone fed  v is  d iffe ren t for the various phases o f the study* 

The balvady supplement i s  given in  Table Z*

TABLE Z

SUPPLEMENT FED AT THE BALVADT PER CHILD PER DAT

Mo* Food s tu ff Mean d a l ly  intake ■-carotene jMg«

1 * Hal so 70 63

2 * Pulaa 30 25

3* Jaggary 20 y *

Total 110 122



24

The source o f  B-carotene added to tha halved Jr supplenent 

during b e  d iffe ren t parloda included anaranth, LP and tha 

atandard B-e are tana* Tha B-carotene aourea vas fad ta tha sub­

je c ts  along v ith  uppuna and laddu alnca ba lvad l supplenent 

vaa given in  that f a n *  Tha praparation o f uppuna and laddu ara 

given in  Annexjfcure XX* Tha d if fa ra n t  aouroaa o f B-carotene 

given ara ahovn in  Table IX*

TABLE I I

DIFFERENT SOURCES AND AMOUNTS OF B-CAROTENE FED TO THE 
TARGET CHILDREN DURING THE FOUR PERIODS OF THE STUDY *•

Period Source o f B-earetene Anount
given

B-earotene
content

1* (B asa l period ) NIL N eg lig ib le

2* Anaranth 40 g* 1200

3. Leaf protein 8 g . 1200

4* Standard B-carotene t n l o f 1200
aolutlon

*•  Cenduetine tha feeding t r i a ls i

Tha feeding schedule vas divided in to four d if fa ra n t  

periods*

Period 1i

During tha f i r s t  period, fo r  ana nonth tha children  

vara fad  tha ba lvad l aipplenent along v ith  hone d ie t  vlthout any

extra source of B-carotene*
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P»riod  2»

Dwrlag the a «x t  month the • «■ •  e b i ld r w  v « r «  fad  with  

amaranth ae a aouroa a f  B-oarotene along with tha balwady 

aupplement* Amaranth waa abtalaad from tha aaarby lo c a l aarkat 

aad tha amaplee o f tha wag a tab la  a wara analysed p e r io d ic a lly  

fo r  B-carotana eoataat bafora and a fta r  cooking* Tha cooking 

loaaaa wara determined and accounted for la  tha f in a lia a t lo n  o f 

tha quantity o f  tha aupplement* About hO g * o f aaaraath waa addad 

along with uppuma* Tha average amount o f B-carotene provided 

by amaranth waa 1200yUg* Thia le v e l  waa ehoaan aa i t  rapraaanta 

ona day 'a  raqnlramant o f B-car a tana fo r  praachool ch ild ren  aa 

raeonandad by XCMR*

Period 3t

During tha fallow ing month chi Id ran ware fad  with UP 

aa a aourco of B-carotana along with tha balwady supplement*

Loaf Protein  that waa required fa r  tha feeding waa obtained from 

tha le a f  pretain  p lant* located at tha co lla ge *  Thia IP  waa 

incorporated along with tha laddu and waa given to tha chi Ur an*

The cooking laaa  waa on ly 10 par cant ainca tha procaaa of 

preparation o f laddu included juat f iv e  minutaa o f ataamlng*

Tha average amount o f B-carotene provided by i t  aa eatimated 

waa 1200 mg* Tha preparation  o f LP i a  given in  Annex;Kure XXX*

* IBP pulper with b a it  praaa
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Period fri

During the fo llow ing ootth tho eme subjects were fod  

with 1200 pig o f standard B-carotene a Conner d e l  BDH preparation*

Tho tab lot wao c a re fu lly  d ila ted  in  coconut o i l  to obtain a required  

d ilu tion * 1 n l o f th is so lu tion  was equivalent to 1200 pig* o f  

B-earotene which foruod tho source o f B-carotene*

F • C o llection  o f faeces fo r  ana lysis!

Tho faeces was analysed fo r  throe days p rio r to tho tern laa*  

tion  o f treats an t • During this period* fo c a l Markers were used* 

p la s t ic  containers with covers wore supplied a fte r  noting the 

weight ofthe containers* before g iv ing  then to tho Mothers of the 

in d iv id u a l ch ildren* Another sot o f containers was kept in  tho 

Balwady to c o lle c t  defecation  in  tho Balwady* A fte r 2k hour 

co llec tion * the c o lle c t io n  o f tho ind iv idua l ch ild ren  wore pooled* 

tho to ta l weight o f  tho faeces recorded correct to one gran 

a fte r  substraoting tho weights of tho containers* A portion  of 

the sane weighing about 10 g* was token up inn edict s ly  fo r  

ana lysis* Total ancunt of B-carotonc present in  tho faeces  

wore os tine tod using tho procedure o f Jagannathan and 

Patwardhan { i 960) Ann ex/lure IT*
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6* Estimating thc a v a i la b i l it y  o f B - o w » t W i

Tha amount o f B-carotene a v a ila b le  to tka body woo obtained 

by ca lcu latin g  the B-earotene intake through foods and B -  

core tend excretion through faeces* The d i f  fo rm es between those 

two values gate the B-earonfcene u t i l i s e  t ie s  or a v a i la b i l it y *
#

H. Estimation o f serum vitamin At

N early  5 ml of blood waa drawn fan the anteeubltal wain* 

with heparin as an anticoagulant* and the plasms was separated* 

Serum vitamin A was ostimatad fo llow ing the method o f  Neeld and 

Pearson (1973)* end the so lution  was read on a Beckman Du 

Spoctopho tome tor at 3kf mu fo llow in g  the procedure o f  MIN , 1971 

( Annex^uro T ) .

X* Estimation o f serum to ta l protein  and albumini

Booausa of some o f the In terre la tion sh ip s  between proteins 

and vitamin A (P ry  e’t a l 1975) i t  important to obtain  an 

estimate o f  protein  nutrltu ro  o f the target children* Accordingly  

to ta l proteins and albumin le v e ls  In  serum were determined by t ie  

Biuret method* The method used i s  g iven  in  Annex^ure TX*

J* Estimation of Haemoglobin!

About 20 cubic m i l l i l i t r e  o f bleed was drawn through 

finger p rick  and the sample was analysed fo r  haemoglobin using  

cyaamethemoglebla method as given in  NINf 1971* the method used 

i s  given in  Annex^ure VXI* This was dene at the beginning and 

at tbs end o f  the study period *



S '  Record o f  incidence o f  i l l n e s s !

Am tha children were p artic ip atin g  in  these feeding  

programme fo r  a period o f four eonthi the incidence o f slekneSS 

in  these children was recorded a l l  through the period to see 

whether o r not supplement had any 111 e f fo r t s  on the children*

A monthly record was kept on the typo o f  sickness and i t s  

duration*

The obtained dataS War# O tatis  t ie  a l ly  analysed* Tha mean* 

Standard deviation  and a o e ff ie ie n t  o f #o rre la tion  were found out 

fo r  d iffe re n t  groups o f va lu es and were compared* *t* teat was 

a lso  weed to fin d  out tha le v e l o f s ig n if ic a n c e  and fo r the 

eoaparison o f  groups*



XT. RESULTS AND DISCUSSION

Dm  p risaat study was aimed to osoooo tho b io lo g ic a l  

u t i l ia a t io a  o f B -earetene from aauranth ond Loaf Pro to la  (L .P )  

oo oompared with standard B-care tone i a  f i f t o a a  pro school 

eh ild roa  with 38 to 55 Months o f  ago and belonging to poor aoolo 

economic status* Tho target children wore p artic ip atin g  i a  a 

Balwady feeding progracute and ttoir d ie ts  were further supplenentod 

with  throe d if fe re n t  sources o f B•carotene nanely amaranth,

LP and standard B*carotene and the excretion  o f B*earotene ia  

tho faces wore analysed during each phase of tho study period*

The d iffe rence  between both gave the b io lo g ic a l a v a i la b i l i t y  o f  

B«»earetene* Serun v lte n ia  A le v e ls ,  serun to ta l proteins and 

albunias and blood hacnoglobia le v e ls  were also u se fu l ind ices o f  

evaluation  fo r  th is  study*

General background o f the partic ip atin g  children add 
their fasti l ie s  i

The fa n l l i e s  o f  the target b en e fic ia r ie s  belonged to a peer 

socle economic group* The Monthly income o f  a l l  the f m i  11 os 

o f the target ch ildren  was between rupees 800 and 300* Casual 

labour in  a t e x t i le  M ill  and c ee li (day labou r) were the nain  

eccupatieas o f the parents o f these f i f t e e n  target ch ildren*  

the educational attainment o f  the par ante Was peer* F ift y  per 

cent o f then were I l l i t e r a t e s  and the re s t  had had sons school 

education* A l l  the ch ild ren  were fron nuclear fa n ll ie s *

-T.
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Tho body hoighta and wsights o f tho t t f i t t  chlldron at 

* * •  boglnning of tho atndrt

Tha f i f  toon tor got o hi 1 dr a a worn drown from o opoolflod  ago 

group botwoon 38 and $5 non tho, froo from any known dlooaooo 

and thoy woro not p artic ip atin g  In any othor fcoding prograauao. 

Table I I I  ohowo tho ago md a ax statuo o f  tho targot a h i Id ran  

along w ith  th o ir hoighto and woighto at tho boginning o f tho 

study*

TAB L I XXX

AOS AND SEX STATUS OF THE TARGET CHILDREN AND THEIR BODY 
HEIGHTS AND WEIGHTS AT TOE BEGINNING OF THE STUDY

S *Mo • Ago (nontha) Sox Haight Caa.

1* *3 Boy 12*6 88.8

2* lit Boy 12.3 91-9

3* *5 Boy 13.8 98.8

8. 88 Boy 11.9 88.9

3* 33 Boy 12.9 99.8

8 . 89 Boy 11.7 88*3

7# *8 Boy 18.7 98.8

8. *5 G ir l 12.8 91.3

9. 80 G ir l 9.9 81*3
10* 82 G ir l 11.3 85.8

11. 88 G ir l 11.8 92.3
12. 80 G ir l 12*0 91.3

13. 38 G ir l 12*1 93.8
18. 33 G ir l 12.3 99.8

15. 89 G ir l 11*7 88.3

Moan *3.7 12.1311.07 90*8i3.118
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Among f l f U n  target ch ild  ran t m n  o f them vox# beys 

and eight were g i r ls *  Tho target children  d id  not hare any 

obTioua eigne o f aa ln u trit ion  b|rt their heighte and weights were 

peer* When compared with the percen tile  waluee fo r  height and 

weight o f w e ll«te -d o  preecheol Indian ch ild ren  (NIN, 1975)* the 

target children  ware below the 1 5 th percen tile* Thue the ch ildren  

who partic ipated  in  the pro cent a tudly were cube l in ic  a l ly  aalnou*  

riahadi they were peer in  th e ir  attainment o f body heighte and 

welghtea thawing growth retardation * When compared with their  

w e ll nourished Indian  counterparts* but did net have the obvious 

eigne o f K N  or vitamin A de fic iency  syndromes*

D ie t  and tr ic o t  intake o f the ta rsc tch A ld reo

Pood velghaent survey was ca rr ied  out fo r f iv e  consecutive 

days among the ta rget c hi Id ran and th e ir fam ilie s* The mean feed  

intake o f  the ch ild ren  are represented in  Table X H . T5L

TABLE TSE3. JV

MEAN DAILY HOME POOD CONSUMPTION OF THE TARGET CHILDREN

Poods
R*D*A*

I.C .M .R .(1971)
g .

Quantity consu« 
mod by target  
children  (g )

Cereals (R ice* Choiam, rag l 
or jewar 200 220
Pulses 6o 12
Green le a fy  Tegstable s 75 10
Other Tegetables and roots and

tubers 50 20
F ru its 50 8
Milk and i t s  products 200 25
Pats and o i ls 25 5
Sugar and Jaggery to 6
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The coaw aption  o f coroalo vaa a-von high,, than tha ICMR

(1971) reconnendationa * But the consunptlon o f pu lse a, vega ta b le s , 

■ i lk  and f ru it s  sere  below the reeosMseaded allowances o f the 

XCMR, (1971)« Conswptlon o f groon le a fy  vegetables was tarjr 

low, and area i f  the fs s i l l ie s  cooked the green le a fy  vegetables  

the pre school eh ildron  woro not fod th is  lten  o f the atan«

The eoanson break fast lten s  in  the target fa s iilie s  were 

l e f t  over r i s e ,  uppuna, id d l i  or ohola k a l i*  For luneh, r ie e  or 

eholaai was used with sanbar* The sane r ic e  or ohola k a li and 

sanbar was kopt fo r  dinner • Thus the f  s a l ly  m m  had no varia tion  

or va rie ty * Target children  who partic ipated  in  the study were 

given r ic e ,  Jovar or r a g l «  Food was cooked u sua lly  once a day 

or in  a fow cases twioe a day* Children wore given the sanbar 

only i f  i t  was not spicy and hot (Pepper)* A vegetable piece  

fron the sanbar was occasionally  served to the children*

The nutrient intake o f the target ch ildren  was calculated  

fron  the food eonsunptlon weighnent survey* The nean nutrient 

intake o f the target children are given in  the Table 'X *
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TABLE XT.

♦MEAN CALORIE PROTEIN AND B-CAROTENE INTAKE OF THE
TARGET CHILDREN

D ie* Total r «d «a *
Be. Nutrient Hoaa Balvadjr XCMR (1971)

1* C a lo rie s 860 *20 1280 1500

a* F ratains (| ) 20 13 33 22

3* BaCaroiana (^ g ) 150 I t t M72 1200

*  Data ee llected  through the f iv e  day neigh*ent a i m f t  oa 15 
target eh ild ren*
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As shown l a  ths ta b ls  lT t thsrs a s *  aot p rotein  gap l a  Hi* 

d ls t  s f  the t«r gat ch ildren  bat thara a ss  a a a la r la  gap* Tbs 

aa ln  lootana l a  tha d la ts  o f  ths pas sohssl eh lld rsa  was a food 

gap and aot a p rs t s la  gap as rapsrtad bp Gepalan 1973* Thus l a  

a o s rsa l baaad d ls t  I f  tbs e a ls r la  gap la  elosad bp an estra  

e s rs a l pu lss supplement, lb s  o a ls r ia  gap la  ewarcoaa with aa 

increased protaln  lataka  • But tbs da f i d e  nap s f  r lta n la s  and 

a la s ra la  oan ast bs orere one bp a s s r s a l  paisa supplaaaat a ls a s •

Tbs d ls ta rp  lataka s f  B-earetana s f  a l l  ths subjects was 

as law aa 150 îg f t  am tb a lr  boas d ie ts *  Tbs boas d ls t  along with  

tbs balwady supplement presided 272 |dg s f  B»earo tans • Tbs low 

l a  tabs s f  p ro fs  mod w itan ia A s r  B-earoteae was bseausa s f  tbs 

inadequate censw ptlen  s f  groan ls a fp  vegetab les , stbar vegetab les, 

■ I lk  and w ilk  products* T bslr B-caretene la taka  froa  tbs bona 

d ls t  not sn ip  10-13 par cant s f  tb s  ICMR recommended allswans as 

(1971).

Tbs boas d la t s  wars surveyed l a  tha ta rgst eh lld rsa  

b s fs ro  aupplaaantatlon waa In it ia te d , and tbs snrwsp was rspsatsd  

a la  aoatba l a  ta r* Bs s ign ifican t d iffe rences l a  tbs Intakes s f  

bona d ls ta  between ths two periods wars noticed *

In  order to fs ra u la ts  ths d ls ta rp  supplementat tbs B -  

e era teas content s f  amaranth nd  LP wars analpssd using alumina

column*
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Id en tific a t io n  e f  d iffe re n t  frac tio n * obtained!

In  the ease o f aaarantk and LP, about throe bands were 

separated on column chromatography* Spectra o f a l l  the 

frac tio n s  are shown in  Table VI* The f i r s t  band was B-earotene 

eluted with 1 per cent acetone* Other bands wars not id en tified *  

The other bands required  high p o la r ity  solution fo r e lution*

The fractionation  was a lso  done on calcium hydroxide column but 

comparing the re su lt  w ith alumina there was no d iffe ren ce* Mo 

Isomers o f B-carotene were found with either of these methods*

TABLE VI

SPECTRA OF FRACTIONS OF CAROTENE AS SEPARATED BT 
Rn ASS ALUMINA COLUMN

Be* Band Spectrum (s^i) Iden tity

1* 1st band ^20,^50,^78 B-carotene

2* 2nd band 425,445,%70 Unidentified

3. 3rd band 425,445»*7J Unidentified

B -caretm e content o f msaranth and LPC

B-carotene content o f amaranth and LP which were fed  to 

the target ch ildren  as sources o f B-carotene were analysed and 

the values obtained are presented in  the table V II*  These two 

foods were analysed at four d iffe re n t  days taking dup licate  

samples each time to determine the mean ®-carotene content*
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TABU V II

B CAROTENE CONTENT OF AMARANTH AND LP

*  carotene content
Ne . Food a tu ff «an«a

ng/100gf
Naan

a 4 /ioo g*

^ dxanaciu
Deviation

n Amaranth 2800-3100 3000 ♦200

2. U> 13330-1 MOO Hooo ♦100

E ffect of cookinn on tha B-carotona content o f  amar^nth
aag-Lpj.

The B-carotene aoataat of anaranth and LP b t fo r t  aid a fte r  

cooking and the cooking loaaaa ara praaantad la  Tabla V I I I *

Vh ila  amaranth vat aupplenented to tha ehlldran through a up puna 

preparation^ lo a f  p rota ln  (UP) vat fad  In tha farm o f a laddu*

Cooking A groan le a fy  vegetablea by Incorporating in  uppuna 

raaultad in  loaaaa o f B -caretana• About 20 to 25 par cant of 

B.carotene vaa loa t in  cooked amaranth and about 10 par cant o f  

B-carotene vaa lo a t  in  LP in  laddu preparation* Tha cooking 

loaaaa mere minimum alnce fry in g  which eauaea greater d ia trtc t lo n  

o f B-carotano vaa completely avoided in  the preeent atudy*
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B-CAROTBtE CONTENT OF RAW AND CODER) AMARANTH AND LP ALONG
WITH THE COOKING LOSSES

TABLE V I I I

No• Food stu ff

B*c»rot»ttt contont of
r n  food eookod food  

*g  « l

Cooking Percentage
lo sse s  o f of B . « t r o «
B~caro* tons lo s t

tons in  cooking

1. Amaranth 3000 2250 750 25*

2* LP 1*1000 1f600 11*00 10*

The percentage o f B-carotene present ns agsinst to ta l 

carotene in  raw and cooked amaranth as observed in  th is  study 

along with the va lues in  the other published reports are given  

in  tab le  IX*

In  the present study the cooking lo s s  that scoured when 

amaranth was cooked by b o ilin g  in  auall amount o f water and 

incorporating the none la  uppuna reeeipe was 25 per cent. 

According to Rajalakstaml at e l (197*0 when greens wers cooked, 

the looses varBed from 27 to 1)0 per cent*

Previous reports (Nageswara Rao (1970 and 19^7)* Vlnodinl 

Reddy( 1970) have shown that B•carotens i s  the major carotene in  

raw amaranth and in  other green le a fy  vegetables and the values  

reported ranged between 76 to 96 per cent* Nogaev era Rao (\70) 

in  h is  study found that in  cooked groan lea fy  vegetables the 

percentage o f B-earotene was lowered compared to in  the raw food*
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S la lla r  f ia d ln c *  « m «  aheva by Y laod la i Reddy (1970)« l a  both 

tho abova reports tho p iraaataca o f B-o are teas proseat la  

aaoraath o ftor cooking voro about 36 par ooat and k2 par eeat*

TABLE IX

PBRC EH TAGS OP B-CARO TENS AS A FRACTION OP TOTAL CAROTENE IN
RAN AND COOKED AMARANTH

Report
Pereeatago o f B-carotoao proaoat 

___________________ la _______________________•  •  #
Raw anaraath Cooked aaaraath

1. Nageswara Rao (1970) 56. « f

2* Y laod la i Roddy (1970) m kzj,

3. Proaoat study 86* 70*

B-oarotoao lataka b r  tho taraot ch lldroa during tho various 

phase a of the studvi

Tho targot eh lld roa  wore fod with throo d lffo ro a t  aouacoa 

of B-earotene am o ly  amaranth, LPC and ataadard B-earotoao at 

throo subsequent periods* P rio r to a l l  thoao a basa l balwadjr 

supplement d ie t was fod during the f i r s t  pariod which prowldad 

wary l i t t l e  quantity o f B-earotoao* Tho d lffo ro a t  aoureos of 

B-carotoae and their amouats fod to tho targot ch lldroa are givea

la  Table X*



TABLE X

q u an tity  and sources of b -carotens  fed  during  v a r io u s
PERIODS OF THE STUDY

Supplement d ie t Auount fed  B-carotene Reco*mended
v lth  sourcee o f per ch ild  content allowances

Period B-carotene per day ICMR (1971)
P *  }*•

Period I Balwady d ie t  
alone 110 g #* 122 1200

Period 2 Balvady d ie t  
♦ amaranth 1 lOg 4 **0g 122 4 1200 1200

Period 3 Balvady d ie t  
4 LP 110g 4 8 g 122 4 1200 1200

Period k Balvady d ie t  
♦ standard 
B-carotene

110g 4 1 ml 
the solution

of
1224 1200 1200

Excretion o f B-carotene in  the feces of children fed vith  balvady  

eupple*eat along v ith  the hoae d ie t*

Analysis o f  the Balvady supplement fo r  i t s  B-carotene content 

proved n eg lig ib le  (122 *g  per day per ch ild ) when compared w ith the 

recosnended aliovaneas. He*ce th is  was taken as the basal period  

o f the study• the subjects were fed vith  balvady supplement fo r  

a period of one nonth. The nean faeca l weight and the aean B -  

carotene excretion analysed during the la s t  three teruins 1 days 

of the f i r s t  period ware given in  Table X I.

* 110 g o f Balvady d ie t  consisted of 70 g nalzc , 30 g pulse
and 20 g . Jaggery.



b -Carotene excretion  through faeces d uring  the b a sa l  pe r io d
BT THE TARGET CHILDREN

( mean va lu e  or three dat a n a l y s is )

TABLE XI

Weight: o f the Ex«*gt&on i
faeces in  g . B*«arotene

1. 83 8.1

* • 110 10.0

3* 130 1 *»t

8 . 9*» 9.9

5 . 120 38

* ' 139 82

r . 97 25.8

i . 89 20.1

9* 129 *> .t

to . 1*7 80.1

11. 79 18.8

11. 13* 88*0

13. 98 10 *5

I t . 105 13

13. 101 11*8

110 23.*

Standard
Deviation ±  20.22 * « • «



B io log ica l o f » » c » a t » m  fro  a t h r »  d i f f t r m t
oourcoo LP and standard B»eorotoBo i

Dupliooto o a p lo o  o f tbo cooked foods fo4 v ith  aaoronih  

as a oovroo o f B«torotoao analysed fa r  tha B*aaratana eoatont^ 

Proa th is  tha Intaka a f  B*saratana by tha ta r gat ch ildran  wars

datarminad*

Tha average va lsa  a f  B «earetene excreted an a balvady  

supplement and hona d&at vara stabstraatad fran  tha anount af 

B«caretena excreted in  faaaas a fta r  feeding tha d la t  with 

amaranth* Tha d l f f a r  ansa vas takan as excretion a f  Becaretsne 

fron  amaranth* This ca lcu lation  vas dona fa l la v in g  tha procedure 

a f  Vinodlni Reddy 0 9 7 ° )  • Tha d lffa ran ca  batvaan tha intake 

and excretion gave tha amount a f  B«earetene u t i l l  sad*
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TABLE XXX

percentage  u t il iz a t io n  o p  b carotene prom amaranth b t  the
13 TARGET CHILDREN

Aaount a f  
l a  aaakad

r *

B-narataaa
amaranth

Paaal axaratlon  
a f  B-narataaa  
from amaranth

paraaataga  
a t l l l s a t lo a  a f  
B-aara tana frcm 

amaranth

1 . 900 331.9 60.9

2 . 900 329.8 in .a

3 a 900 4 in .8 30.9

k. 900 326.5 6 3 .7

3* 900 538 60.5

6 . 900 318 6k .7

7 a 900 39*1.8 36.8

8a 900 193.9 78.3

9 * 900 881.8 68.7

10 . 999 ^ 993*9 60.5

I t . 900 285.6 68.3

12 . 900 339.2 68.3

13. 900 2k1.3 73.2

1%. 900 *177 k7

13. 900 323.6 6k . 1

Maan
Standard D aalatlaa

360
±96 .32

61 .k 
±9.33

A ft t r  su p p lM M ta t lM  a f  m raa ith i tha axeratloa  a f  B « 

• a r o t « «  ia  facata  «a a  aarkadljr iaaraaaad la  a l l  tha aab jaetti
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I t  i s  apparent that thara vaa eonaldarabla In d iv idua l Tart a t l  an

fa r  tha fa e a l axeratloa  a f  earatsass. Average pereeatage a f
(. i ’ 4

u t i l ls a t la a  a f  B-caroteae vaa 7 6 a 7 par eaat a f  th is study a ad 

th is  la  a la l la r  to that a f  Y laed la i Reddy' a ( 1 9 7 1 ) where tha 

u t l l lx a t la a  l a  63*8 par eaat*

TABLE XZXZ

percentage  u t il iz a t io n  of b -carotene from l p

Be.
B -aarstaaa  ooaaunad 
fro a  aaokad LP ^g

Faeal axcratlon a f  
B^aarataaa froa

Pareantaga 
u t i l ls a t la a  
B-earataaa  
fro a  IP

1 . 1080 111.9 90
2 * 1080 233.2 78.8

3. 1080 177.8 83.8

* . 1080 2*8.3 77.2

5. 1080 190 82 .*

6 # 1080 330 69.*

7. 1080 288,8 73.*
8* 1080 313.9 70.7
9. 1080 * *9 .8 38.3

10 . 1080 307.9 71.3
n . 1080 129.8 88

1 2 * 1080 383.2 88. *

13. 1080 233.3 78.3
i%. 1080 237 78.1

13. 1080 207.8 88.3
Maaa 256 76.7

Standard d ev ia tlea ♦ 86. 3* 1.7 .*83

Tha tab la X I I I  g ives tha aaaa B~eareteae axeratloa 

duriag LP aapplaaaatatlaa phaaa• Average paraaataga u t i l ls a t la a



o f fron LP vaa 76.7 p w  cant, tad tha i b a t r p t in

rtnctd v l d t l f  b t tv tM  ptr t u t  and 90 par cant.
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TABLE XZT

PERCENTAGE UTILIZATION OF B CAROTENE FROM STANDARD B-CAROTENE

No.
Standard B-oara tana 

con sub ad
Focal axcratlon  
o f B-carotana Fron 
std. B-carotana

Farcantaga 
u t i l is a t io n  
a f  B-carotana

1 • 1200 113.9 90.5

2. 1200 137.2 68*8

3. 1200 181 .8 84.8

4. 1200 191 .5 64

3* 1200 109 *7.6

6. 1200 1*3 *4.7

7* 1200 214*8 82.1

&• 1200 1*9.9 84.2

9 . 1200 199.* 83.3

10* 1200 19^.9 83.8

11. 1200 175.* *3.3

12. 1200 190.2 84*2

13. 1200 171 .3 *3.9

1 4 . 0200 1*3 86.4

13. 1200 177.6 83.2

Naan 173*6 83.4

±23.86 ±6.143



The aean values o f three day faeees ana lysis  fo r  B-carotene 

excretion  during the standard B carotene feeding reginen is  

given in  table H V ,  The naan u t i l i s a t io n  o f B.carotene was 

85*4 per cent, which i s  the high^est u t i lis a t io n  compared to 

the e a r lie r  food sources*

TABLE XT

COMPARISON OF PERCENTAGE UTILIZATION OF B CAROTENE PROM THREE 
DIFFERENT SOURCES IN FIFTEEN TARGET CHILDREN

Percentage of B -carot»ns u t i lis e d
Be. Sources o f B-caroteno Mean Rang# Standard D sv is -

tion

1* Amaranth 61.1* M .2-78.3 ♦9*35

2. LP 76*7 58.3-90 ±.7**83

3* Standard B-carotana 85.^ 82.1-90.5 ±,6.1*5

The percentage u t i l is a t io n  of B-earotene from the three 

food sources are presented in  table  XT*

When the balvady d ie t  was supplemented with *»0 g* o f  

amaranth per day per child supplying 1200 ^g . o f B-carotene* the 

absorption o f B-carotene was 61 per emit* When amaranth was 

substituted by 8 g* o f UP supplying an equivalent amount of 1200 

jag* of B-carotone per day per person there was further increase  

o f B-carotene absorption, the value being 76*7 per cent* This 

increase in  absorption o f B-carotene from LP and was s ign ific a n t ly  

higher than from amaranth* among the target children*
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Vhen LP̂ J vat aubititatad  by 1 b1 standard B-carotene 

solution providing 1200 fig* o f B-carotene par day par parson the 

aSaorption furthar lnoraaaad to 83 *U par cent* The absorption  

from standard B-carotana so lution  vas s ig n if ic a n t ly  higher than 

absorption fron  amaranth oft LP.

The re su lts  o f th is  study suggest that though the intake 

of B-carotene vas sane, the pare ant age absorption o f B-carotana 

vas d iffe re n t  fo r  d iffe ren t  food sources* The absorption being 

maxlmun fo r  the standard B -caretana, next fo r LP and than fo r  ' 

anaranth* The study further oonfirns that vitamin A requirements 

can be successfu lly  net by supplementing the pre-school c h ild 's  

d ie t  with green le a fy  vegetables lik e  amaranth or LP| Both 

amaranth and le a f  protein  contain several other nutrients besides  

B-earetene*

Coft yitttlvafra e f the supplementi

Table H I  g ives the quantity and cost o f d iffe ren t  foods 

that can provide 1200 ^g o f B-carotene or 300 fig o f re t in o l to 

meet the d a lly  requirements o f a pro school ch ild *
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q u a n t ity  and cost of foods th a t  pr o vid e  the d a il y  b - carotene or
RETINOL KEOOIREMENT OF A PRE SCHOOL CHILD

TAB I E XYI

Me* Food s tu f f Quantity of food containing 
1200 ^Mg* o f B -c arotene 

« •

Cost*

1* LP 8 1*6 palae

2* Amaranth uo 4 p a lso

3* Milk 137 50 p a is e

4. Butter 50 125 p a is e

5* Egg 30 45 p a is e

* as par p reva ilin g  prices during Feb* 1976 at Chin t ham eni 
Supermarket* Celnbatere*

As per tab le  XYI* the best B-carotene food sources which 

are o f lev  cost are aaiaranth and LP* Such eceneaiic and lev  cost 

source o f B-earotene which l a  a ia l l  aaouats successfu lly  provide  

the required amount d a ily  should certa in ly  be incorporated l a  

the d ie ts  of the children  to overcome vitamin A deficiency*

Chances in  serum vitamin A a fte r  feeding various sources o f  
B-carotone»

The mean se r in , vitamin A va lues o f the ch ild ren  vho were 

fed d iffe ren t  sources o f B-carotene lik e  maranth LP and standard 

B-carotone along with balvady supplement d ie t are given in  the 

tab le  X V II• I n i t i a l  and f in a l  serum vitamin A le v e ls  before  and 

a fte r  4 months o f supplementation vere analysed fo r  their s ign i­

ficance*
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mean serum v it a m in  a  levels  of the  13 target c h ild r e n  bkfo re
AND AFTER SUPPLEMENTATION

TABLE X VII

No* D ietary  Intake Serna vitan in
o f B-carotene ug/100 n l*

1* 272 jftg 20.51/1*39

2. 1200 |tg 29*2+2,09

Tb« > «M lt  ih «v «d  that thara « u  a s ign ifican t iaeraasa  

in  s»run -rltaaln a le v e ls  a fte r feeding , the d if fe re n t  sources of 

B•carotene fo r h aonths aaeng the target children* This 

in d ica tes  that in  these children, B*esrotone was not only 

absorbed adequately bat also concerted to v itan in  A and u t i lis e d  

w e ll*  A s la i la r  observation has been reported by Pere ira  and 

Begun (1968) who found an increase in  the seruu v itan in  A leve ls  

in  ch ild ren  after feed ing green le a fy  vegetables fo r  three aonths* 

Vinodini Reddy (1970) obtained th is e ffe c t  in  as short a period  

as f i f t o e n  days*



S
€

*v
n

 
M

tT
A

M
tH

 A
 

L
E

V
E

L
S

'

Ji

I*

*1

J2

u

K

a*
• •

u

M

2t

U

It

•mi n « i PiftfAt. .

IH IT SA L  A  HZ> S£J9U.r+ \ZtTAt1tH L£  V£LS

o E  THE THAO*£ T C H9LDASH  •



33

S tr ia  tota l p ro t> ia » and alb— In  1 avals o f the t a r « « t  ah|^dr* " t

Table XYXII d tp ie t*  tha to ta l proteins and albualn  lt v a la  

in  the aerua o f the f i f t e e n  target ch ild ren . During the fourth  

■onth o f the supplementation period the eerum proteins were 

analysed• The mean Taluss o f the serum to ta l proteins vers  

6*7±Oi68 g/100 ml, and o f albumins sore 3.5±0.35 g/100 ml and 

of g lobu lin s Tore 3 . 2+0 . 68 . Those Talues were sim ilar to those 

reported by Pere ira  £t a l « ( 1969) sad Vi nod in i Baddy, (197*>)*

TABLE X V I I I

SERUM TOTAL PROTEINS, ALBUMINS AND GLOBINS

» o . Total proteins Albumins Globulins
g/100 ml g/100 ml S/1W ail

1. 7 3.8 3.2
2. 6.2 3 .* 2.8

3. 7 .* 3.9 3.3
k. 5.9 3 2.9

5» 6 3.1 2.9
6 . 7.T 4.1 3.6

7. 6.8 3.7 3.1
8* 3.7 2.9 2.8

9. 7.2 3.9 3.3
10, 7 3.7 3.3
11. 6.5 3.5 3.0
12. 7.9 k 3.9
13* 7.2 3 .» 3.5
1%. 6*6 3.3 3.3
15. 5.8 3.1 1 4
Mean 6.7 3.3 3.2
Standard
doTiation ♦0*68 ♦ 0.33 ±0,660
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Correlation  betveen t l t i l n  A and protein in  » t r w  o f th»
target  ch ildren!

S ta t is t ic a l analysis «a s  dons for estim ating the corre lation  

be tv eon p la n t  le v e ls  o f vitamin A and proteins among the target  

children* The corre lation  c o e f f ic ie n t s  were eftleulated betveen 

vi fcumin A and various protein frac t io n s  and also  betveen vitamin 

A and total proteins*

TABLE XXX

TIT AMIN A AND PROTEIN CONTENT OP PLASMA IN 15
TARGET CHILDREN

No* Range Mean Standard
Deviation

1* Vitamin A pkg/100 ml 26*1-32*2 29*2 ±  2.09

2* Total protein  g/100 ml 5.7-7*9 6*7 1.0*68

3* Albumin g/100 ml 2.9-*u1 3.5 ♦0.35

b . G lobulin  g/100 ml 2,7-3.9 3.2 ♦0*68

Table XIX summarises the vitamin A and protein  values in

the f i ft e e n  target children* a l l  o f vhich are v lth in the normally

acceptable lim its  fo r Indian children* The va lues obtained are 

sim ilar to  that o f Prasad g t a l ( 1969) and Kothari (1971)•

The corre lation  c o e f f ic ie n t s  betveen vitamin A and

d iffe re n t  protein frac tio n s  are given in  tcble XX*
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CORRELATION COEFFICIENT BETWEEN VITAMIN A AND PROTEIN

TABLE XX

C orre lation
c o -o ff ic ia n t

r
Sign ificance

P«

V itan in  A and to ta l
proteins 0*53

Vitamin A and albumin 0*36

Vitamin A and g lobu lin  0*008

0.001

0.001

0.003

Vitamin A and albumin showed a s lgn ifle an t  p o s itiv e  corre­

la t io n  oven at tbe 0.1 per cent le v e l o f a lgn lfloance . On the 

other hand there vae no s ign ifican t corre lation  between vitamin  

A and g lobu lin .

A s ign ific an t poa itlve  corre lation  betveen plasma albumin 

and vitamin A has already’ been reported in  some experimental 

animals by Friend jj l  (19<1) and A sc a re lll ( 1969 ) aa v e i l  aa 

in  ch ildren  by Koihari et a l  ( 19 7 1 ) and in  children  su ffe rin g  from 

kwashiorkor by Axxoyave et a l (19^3)•

TABLE XXI
MEAN SERUM PROTEIN AND ALBUMIN LEVELS OF THE TARGET CHILDREN 

BEFORE AND AFTER THE STUDY PERIOD (Study period-4 months. Number
o f  children-1 S')

D ietary intake Total aortas pro tain Albumin le v e l
o f p rotein  g . (g )  per100 ml. g per* 100 ml

20 3*9±. 1.4 3.2 i  1.7

33 S.7± 0.6# 3.5 ±  0.35



REGRESSION equation
-Lj l-feSi X + 14. .q*.

FlGt. 5 .

REGRESSION LINE OF SERUM PROTEIN LEVELS ON

SERUM VITRMIN ft LEVELS.
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Tbara was no s ign ific an t increase in  te ta l serum protein  

le v e ls  b s fe re  and tfta r the study period as w e ll as in  serum 

altnaaln le v e ls  before and a fter the study, in  the partic ipating  

children*

estimation o f blood Haemoglobin!

The haemoglobin content o f the fin ger p rick  samples o f  

blood o f the children  estimated at the beginning and at the end 

o f the study are presented in  Table XXIX*

TABLE XXXI

H£AM HAEMOGLOBIN CONTENT OF THE TARGET CHILDREN BEFORE AND
AFTER THE 8TTTDT

Number of ohlldren m 15 
Period o f  supplementa* 
tlon •  i k months

D ietary intake Mean haemoglobin
o f iro n  mg* value of g/100 ml

Homo d ie ts  alone 9 8*4 £  1*k

Home d ie ts  + Balvady
supplements + LP/
amaranth 19*8 12*0 £  0*91

Judged by the VHO standards at the beginning o f the study 

a l l  the target children were anaemic but towards the end o f the 

study period there was an Increment in  the blood haemoglobin 

le v e l*  An add itiona l amount of iron  provided by the supplements 

fed  during the study may be considered to be the reason fo r  

increment o f blood haemoglobin* F o lic  acid , vitamin C etc*  

present l a  the d ie t  might have also  contributed towards i t *
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S p ix x lM  o f  In fe c t io n !

During ih« otHTH e f the experiment, occurence o f my 

ln foetlon a  dlooooo among the partic ip a tin g  ohlldron vara no tad 

down* During the eecond uanth tue e f  the children >ero affected  

bjr eouuaa cold and during the th ird  uenth tue e f  the children  had 

fever* However that did net cauae a ign iflean t a lte ra t io n  In  the 

abaerptlon e f  B«earotene*

Deficiency awrotona auona the ta raet ehildreni

He de fic iency  aynptoma c f  vitamin A M alnutrition auch aa 

B ito t apota or xerophthalmia wore aeon In  the f i ft e e n  target  

children neither « t  the beginning e f  Hie etudy nor towarda the 

end o f the atudy period*



T. SUMMARY AMO OONCLUSIOM

A study m i  conducted in  f i ft e e n  preschooler* belonging  

to lev lneene f M i l i c a  to dotornino the e ffic ien c y  o f absorption  

of B*earotene fron amaranth end le a f  protein  (L P )• The ch ildren  

belonged to S r i A rin a sh llln gM  Balvady and vero fad w ith a 

Balvady supplM ont. The study consisted to four phases« During 

the f i r s t  phase the target ch i1dron vero fed  with a basa l 

balvady supplement d ie t  a lone. During the foH oeing  months in  

tho secondf th ird  and fourth  phases along with the baleady  

supplement d ie t  amaranth, lo a f  protein  and standard B«carotono  

respective ly  eoro fed as a soureo of B*carotono fo r a period o f  

a month. During tho termination o f each period faooos was 

collected  fo r  subsequent throe days and analysed fo r  the 

excretion o f B•carotene. Tho determination o f B•carotene intake  

and excretion  fa c il ita te d  tho estimation o f u t i l is a t io n  o f  

B«earotene from d iffe re n t  sources lik e  amaranth, IP  and standard 

B*carotono. Tho indices o f  evaluation included tho estim ation  

o f serum vitamin A le v e ls ,  serum proteins and blood haemoglobin.

Tho percentage of B•carotene absorbed from d iffe ren t  

sources o f Bocaretenc namely amaranth, lo a f  p rotein  and standard 

B«e arc tone wore 61 *b per c u t  l£ *35 » 76.7 pc* cent ♦ and

85.4 per cent ±  6 .1 5  respective ly  by the preschool ch ildren .
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Thtf* « « •  a i lg n if le a n t  lneraaa* l a  the sorua t i t u l n  A 

la v t l t  fro a  20*5 ^ * 3 9  u f/100 a l  to 29*2+2*36 ug/100 a l  l a  the 

target ch ildren  a fta r  a aupploaoatatloa o f 1200 ug o f B«*eareteae 

fro a  bO |» o f  aaaraathf 8 | « o f  lo a f  p roto la  and 1 a l  o f standard 

Booatorono so la t lo a  containing 1200 ug o f B *earot«no»

Tho to ta l sorua proto la  I otoI s were 3*9$1«fc g/100 a l  and 

(*7+0*68 g/100 a l  boforo and a fto r  tho study* Tho I n i t i a l  and 

f in a l  Taluos o f sorua a lbualn  were 3 *2^1 *7 g/100 a l  and 

3*5+0*35 g/100 a l  respeetlTo ly* Thoro vas a pesltlw e  c o rra ls *  

t lo a  between sorua T ltaa ln  A I otoI s and sorua to ta l p roto las and 

albuains*

Tho two food soursos nanely %0 graas o f aaaranth and 8 

graas of lo a f  protoln  vhleh aro obtalnablo at a Tory low sost  

o f b pa l so sad 2 pal so prooldod tho d a lly  requlrsaent o f 1200 ug 

o f  B*oarotono whoa eonparod with other so s t ly  and soarso an lnal 

foods suoh as oggt a l lk ,  buttor etc*

Such oooaoalo sad low cost sour o os i f  B*e aro tons naas ly  

aaaraath and Loaf P ro to la  which sueoossfu lly  prowldo tho roqulrod  

aaouat o f T ltaa ln  A la  h igh ly  roeoaaondod l a  tho balwady d ie ts*  

Coasw ptlon  o f such foods by tho proschool ch ildren  along with  

a coroa l pulse n ix to re  would c e rta in ly  re le lT o  than fro a  tho 

hasards o f T ltaa ln  A defic iency*
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A* l » t i « a t t o a  o f B.carotono from Loaf Prot•in i

(^▼•rnight extraction  procedure of Thompson at a l , I 9A6 ) .

Ona to two |raai o f tho aaaiplo woo allowod to soak over­

night l a  tho dark room at rooa toaporataro l a  100 a l  atopporod 

aabor colourod vo luaetrlc  f la a k  with 30 a l  o f  a mixture o f 3 

parto o f aeotoao and seven parta o f potrolaua ether. Tho oxtract  

was d iluted  to 100 a l  using potrolaua othor a fto r  16 hour a •

Tho abaorptloa eoluaaa wara prepared aa fo r tho oatiaatloa  

o f earotoao eoataat fro a  froah leav e s . Tho coluan waa washed with  

2 a l  o f  potrolaua other. The auction puap was turned o f f  whoa 

5 a l  o f petroleun othor waa s t i l l  above the sodiun sulphate.

5 a l  o f tho extract to bo chromatographed waa poured on to tho 

colusun and suction was applied . The f la a k  was riased  with 5 to 

10 a l  portions of oluoat ( 1 part o f aeotoao and 9 parts o f  

potrolaua o th er), pouring each r in is in g  oa tho coluan before tho 

previous one had boon completely absorbed oa to tho So^.

The washing was continued u n t il tho desired p igaoats aoved o f f  

tho coluan and tho f i l t r a t e  was co lou rle ss . Tho content o f tho 

f i l t e r  f la sk  wore transferred  into a 25 a l  f la sk  and tho voltase 

was aado up^the e luent. The transmission of the so lution  was 

road at 4J0 a^a. The instrument was set at 100 per cent transmission  

with  petroleum other. B.carotene content o f LP^ was determined 

in  tho sane way using calcine oxide as absorbent a ls o .
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I *  Estimation o f carotene from amaranathi 

Preparation o f tho Q t r a c t i

Th* *d ib l*  portion  o f the food s tu ff «a>  cut Into sn a il 

piooo* and mixed w e ll*  About 5 to 25 g . o f tho out sample was 

ground w e ll with successive 50 n l  portion* of 93 pe* e*nt alcohol 

t i l l  th* aloohol layer wa* no lo n (* r  coloured yellow  • Th* poo lad  

alcohol extract was saponified w ith  su ffic ien t sodium hydroxide* 

Enough wat*r was add*d to bring th* concentration o f the aloohol 

down to 80 par cant*

Th* unsapon ifiab l* natter was *xtraot*d  with successive 50 

■1 portion * of potro liun  *th *r  (40-60*C) t i l l  th* p*trol*uin *th *r  

layer was aalourlese* Th* pooled petroleum *th *r extract was 

wafched with d is t i l le d  water t i l l  i t  was free  o f a lk a l i .  About 

10 to 15 g* o f anhydrous sodium sulphate was added and kept aside  

fo r 60 minutes* I t  was than f i lt e r e d  through a ootton p lin g  with  

a as a l l  amount of anhydrous sodium sulpha to placed on i t *  Th* 

f i l t r a t e  was then concentrated in  vac cum between *»0« 30*C to volume 

between 10 te 25 ml*

Chromatearachlc separation o f nlsmentsV

30 ems x 1 cm columns were peeked with 10g o f  alumina or 

6g* o f calcium hydroxide* About 1 to I j^ o f  anhydrops sodium 

sulphate was placed on top of the packed column* 2 ml o f the 

concentrated extracted was charged on the column. Th* separated 

bands were in d iv id u a lly  eluted and their spectra were studied in  a 

Bookman Du spectrophotometer to id en tify  the d if fe re n t  carotene

f r  aetiona*



ANNSXURE ZZ

Praparatloa of uppunai 

Im rad lo ata i

Cereal paisa  a litiu ra  •  50 | »

AaaXantll • kO g •
Onion *  5 |«

O il (Groundnut) -  6 ( «

89nioninga

Procedural

1* P-oestad tha earaa l palae n ixtare  

2* Seated the a l l

3 a &»aaattad v lth  nustard* green c h i l l i e s  and ant oaion* 

Poured water and brought i t  te b a llin g  

5 * 'Sprinkled tha raaatad n ix to re , l i t t l e  at a tine*

6# S tirred  constantly ta avoid lianplng 

7* Sprinkled s a lt  and nixed 

6S Cashed fa r  twenty nlnntaa

9* Added aleaned and waahed greens and s t ir re d  

10# Cooked far 10 nora nlnutaa

1 1 * Kanovad fron  f l r e »



75

Preparation o f laddut

Zncredientei

Cereal pulse mixture •  JO | «

LP •  1 ( «

Waggery •  10  t *

O i l -  S c «

1« Boasted the ee rea l pulse mixture sad kept a d d *

>• Added Jaggery ta water and prepared a syrup

3« Added the roasted mixture along with LP<jt and stirred  
constantly and cooked fo r  10 minutes

Basted the o i l  and added to  the mixture

5* Removed from f i r e  and made into b a lls *



ANNEXURE I I I

Preparation  o f **oaf Protain i

la rT *s t «4  luearae p lan t* vara sequentia lly  vaabad chopped, 

pulped using an IBP pulpar with b a it  press, and f i lt e r e d  to 

separate the protain  r ich  ju ic e *  The f i l t e r e d  ju ice  « m  pumped 

to a *tJ• tube vheve i t  vac curdled by in jec tin g  steam from a 

b o ile r  to heat i t  to 90*C* This coagulum vas f i l t e r e d  eut using  

a standard c lo th  stockings and pressed by a bean press* The 

pressed cake vas than suspended smoothly in  water, a c id ifie d  te 

PH k with 2 lV.Hel f i l t e r e d  and pressed again . The product vas  

a ir  dried at kO*C to 50*C using a drying oven and ground to 

a fin e  povder.

On dry weight ba s is  the le a f  protein  povder had 50 p c  

cant protein , which was r ic h  l a  ly s in e  and lim iting  In  methionine* 

I t  vas a supplement to a d ie t based on cereals*
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T io v  diagram o f tha la a f  p r o f  in  attraction !

53 kg#Ja f  ju ia a

100 kg* Of la a f

Pulpa* with belt praaa
kg* of f lb r g

♦5*5 kg* a to
/

1
(c5: 5M 2 - rt: « r

0*5 kg of vat taka 
(d r ia r  )

I
5k kg# a f  liqu o r

1___________

99 kg* o f  a a tt la  faad

J
1*5 kg o f p rata ln  p a rs * .

Tha trop luoarna «aa  cut verjr 20 lay a  froai c u lt lv ttto a *  

Tha tva bipxoducta nauaaly tka f ib r a  and f l l t a r e d  liqu o r vara  

a sad aa aattle  faad* Tha oaat a f  la a f  pvataln « « «  8 »a*/kg*



APPENDIX IV

Determination o f fa tc a l c iro ten ti

The fae ca l carotene v «a  estimated tialng the procedure 

of Jagannathaa and Patwardhan (1960) •

Procedural
Roagantsi

1 • Aleoliol •  D is t i l le d  pure alcohol

2* Petro lluu  ether 

3* Anhydrous sodltaa sulphate*

Method i

The faeea l saasples were soaked in  aleohol oversight and 

they were transferred to a nortar and gsund with alcohol 

repeated ly  u n t il the extract had no aero yellow co lour» The 

alcohol extracts were then transferred  to a separating funnel*

An equal wolune o f water and petroleuu e ither were added* sw irled  

w e ll and the lower layer discarded* The process was repeated  

u n t il the lower layer showed no trace o f yellow* The petroleuu  

ether extracts ware then transferred to a separating funnel to 

which an equal values of water was added* sw irled and the lower 

layer was discarded* The extract was freed  from ue lstu re  by 

f i l t e r in g  through a bed o f anhydrous sodlun sulphate• This was 

washed with m a ll  qu an tities  o f petroleuu ether u n t il the f i l t r a t e  

was fre e  from traces of oarotene* The petroleuu ether extract  

was made upto volume and the absorption o f yellow colour measured 

In  a colenan Junloti Spectrophotometer at 1*50 u*



APPENDIX T

«»**■ »*&?»* 9*  .HEMP l i . A  . {* •  U.«ISL).».

The n t r a e t lM  pioetdor* vaa done t fo llow ing tho aathad 

o f N «o ld  and Poor oon (1963) ond tho solution «^a  road at 

348 a • ( in  u ltra  v io la t  reg ion ), fo llow ing  tho proeoduro given  

by NIN (1971).

Proeodurot 

Ra^aontai

1* A lcoholic potassium hydroxide o *5 # »- 0*5 o f potassium  
hydroxide was d isso lved  in  100 n l  o f pu rified  a lcohol*

2* N hexane (MPC) B .P* 65*-75*C.

3* Chloroforn

km Stock v itan in  A so lution ! 3kk ng. o f v ita n ia  A acetate* 
(300 ug o f  v itan ia  a ) was dissolved l a  ch loroforn  and 
node upto 100 n l*  1 n l o f stock coata las 3000 ng 
of re t in o l*

Iaternodiato  standard1

1 * 0*25 n l  o f stock d ilu ted  to 25 n l ■ 30 ng^al

2 * 0*50 n l  o f stock d ilu ted  to 25 n l ■ 60 ng/aal

3 * 0*75 n l o f stock d ilu ted  to 25 n l  ■ 90 ng/ul

4 ( 1 *00 n l  o f stock d ilu ted  to 85 n l  ■ 120 n g^ il

Working standard»

Bach Iaternodiato  was again d ilu ted  in  tho r a t io  1i10 and 

fron  each standard f in a l ly  In i was taken and 2*0 n l o f chloroforn

was added and road at 438 nu in  Beeknan Du. spectrophotonetor•
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Methodi

1 a l  o f • • r m  placed l a  a toot tabs * Aa oqool voluae  

o f o leobolle  potaeoloa hydroxide woo aided. 1 ,3  a l  o f a hoxoao 

woo added to the oeroa o lee ho 1 1 c potaeoloa hydroxide l a  the 

toot tube• The toot tube woo otoppered and the oeatoato were 

ohokea w e ll fo r  k$ oecoado. I t  woo ceatrlftadged fo r 10 a iauteo  

at o opood o f  3000 revo le tleae/a laa te . The ouperaotaat woo 

evaporated to dryness l a  o *»0*C water both. The roolduo woo 

la aed la te ly  takea up l a  oae aft o f  eh loro fora , added 2 a l  o f  

chi ere fo ra  again and the OD o f  the a>latloa woo aeaoared at 

3^8 Bjila the apostrophe tone ter •

The ao latloa  lo  aew tranoferred to o ooft glaoo tabs , 

with o etopper Irrad ia ted  with U .Y .lig h t  (the laap ohould bo 

turaed oa 10 a laa teo  before  nee) • The tube afteold be kept at a 

distance o f 20 on fro a  the laap. The OD at 3^8 an lo  ogola rood 

oad the d lffe reaee  la  OD lo  taken as a aeooaro o f v lta a la  A la

the ao la t lo a



axhkxure VI

Biuret Method fo r total p ro t*|m  ^  « t p l a n  or 
Mruni

P rinc ip le i

The (-C o m ) groups In  ttao proto in  noloealo roset with  

eoppor sulphate In  a lk s lln o  nodi on to ( i t *  a purp lish  v io ls  t 

or p ink ist v io ls t  colour which i s  thon road at 5^0 ■•

Reagents»

1» B iuret Reagenti

1*5 g* euprio sulphate and 6*0 g sediun potasslun ta rtra te  

wore d isso lved  in  500 n l o f  d is t i l le d  water* To th is was added, 

with sw lt lin g , 300 n l o f  10 per oont (W/V) sodlun hydroxide 

( CO^ f r e e )  and d ilu ted  to 1 l i t r e  in  a p la s t ic  bo ttle * 0*1 per 

cent potasslun iodide was thon added and stored at roon tenporaturo* 

This reagent was stable  fo r upto six  nonths*

2 * sodlun sulphate so lu tion !

3* Protein  standardi

The standard protein  so lu tion  night bo e ither a pooled 

norual hunan serun, the protein content o f  which had boon 

accurately detem laed by a k je ld ah l nothod or so lu tions o f pure 

albumin* Use of albunln so lutions pornitsd concentrations above

the nornal range* The sorun or albunln so lutions wore d iluted
1 ° 9

with 0*9 per oont sa line to given exaot standards o f B*Og« to

8*0g* par 100 n l*



Proctdttrtt

T o ta l p r o v in g i

0*1 a l  serum d iluted  with 1»9 a l  o f vat or 4 8 a l  o f

b iu re t roaioat « « •  added and alxod w e ll h f  shaking, lo t  stand 

fo r  30 minutes and road in  a spaetrophotonstor at 5A0 a*

To 0*2 a l  sorus in  a tnbo added k*8 a l  o f 28 par sent 

sediua su lph lto froa  a burotto (P ipette  should not bo usod as 

the sa lt je ry sta llle e s  out e a s i ly ) alxod and ^st stand fo r 10 

mlnatss, f  llto ro d  with vhataan 1*0 or W  f l i t  or papor • Added 

8 a l  o f b lu ro t roagant to 2*0 a l  o f tha f l l t r a t o  and proooodad 

as fo r to ta l  pro ta in s , Ordlnar 7  oan trlfugatlon  would not y ie ld  

a oloar g lo bu lin  froo  supornatant and uso o f otbar roagonts at 

room tamperaturo was not su itab le*

Roagant blanks vara prepared with 2*0 a l  o f  d is t i l le d  

water and 8*0 a l  b lu ro t reagent fo r to ta l proteins and with  

2 .0  a l  28 per eont dodiua su lph ite and 8*0 h i b lu ro t  roagant fo r

albunlna



ANNKXURE Y I I

Estimation of haemoglobin by eypnmcthaemoglobin methodi 

R > m n t » i

1 • D rakkln 's D lln M t so lution

Sodiia bicarbonate •  1 g .

Pataaalun ejraaid* •  0.05 g •

Pataaaiui fw fle jra n id *  •  0#20 g .

D is t i l le d  v a t u  -  1 l i t r e

n i l s  solution should not bo used a fto r i t  fo m s  a 

p rec ip ita te  on tho bottoa o f ths storage bottlea  Tha so lution  

i s  preserved in  dark brown b o tt le  and p re fe rab ly  under cold  

storage. I t s  preparation and handling should be done with  

great eare#

Procedural

1» E rectly  5 n l o f D rabk ln 's  d iluent so lution  i s  neasured 

Into a dry test tube frost a burette or a p ipette with  

auction bulb •

2# Exactly 0a02 n l o f blood la  transferred fron  a standard 

haemoglobin p ipette into a d iluent solutiona Usual 

ears la  f i l l i n g  and cleaning e f  leaded haemoglobin 

pipette must be observed a

3 # The p ipette i s  rinsed  three times w ith the d iluent  

so lu tion , without allow ing the formation o f a ir  

bubbles in  the so lution .
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*»• The blood ond the d iluent are thoroughly mixed bjr 

zototing the tuba •

J* 10 nlnutoo time i s  allowed fo r the formation o f ttoa 

eyanmethaemogloblm*

6,  5 »1 o f the d iluent solution la  used os blank

7* With green f i l t e r  Wo*5^0 the readings are taken in  

a pboto e le c tr ic  calorim eter •

C a lib ration  Procodttrei

1* Total blood iron  i s  determined by Wong's method* This 

determination would g iro  absolute mount o f  haemoglobin*

2* Exactly 0*02 ml o f th is  known blood sample measured as 

above in to  JtO, 7 0 *  10*0, 12*5 and 15*0 ml respective ly  

of d ilu ted  so lutions are now equivalent to bleed samples 

containing respective ly  100, 67*50 , **0 and 30 per cent 

that o f  the o r ig in a l solution*

3* The in ten s ity  e f the colour i s  read using groan f i l t e r  

5^0 against a blank set at sere* O.D*

k*  On a graph paper a standard graph i s  drswn using these 

haemoglobin concentration and corresponding density

values*



AHNEXURB T i l l

ttc ra t lo a  o f > -c  arotene during tha thraa w b M am u t t t w i n i l  

by tha target chi Id ran whan anaranth waa fad a i  a 

aonrca o f  B»carat>n<

1 -e u a t t M  « x « r « t l * a  fig
Rv «

F lra t  day Second day Third day Mdaa

1. 260 420 380 360

2. 390 480 530 340

3. 410 523 433 *36

4. 339 219 450 336

3. 612 346 370 376

6. 292 378 410 360

T. 408 440 412 420

s* 232 224 192 216

9* 342 330 280 924

10. 333 410 437 396

n . 290 330 280 300

12. 414 39* 346 384

13. 218 267 271 252

1*1* 566 489 425 492

13. 298 322 388 336
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ANNEXURI IX

E x c r e t io n  o f  B -ca ro t> n <  du rin g  the th re e  enbsanaant t t n l n t l  
d a re  b r  th e  t a r g e t  c h i ld r e n  when L ea f P r o te in  w»8 fe d  ■« a

a ou rce  o f  B -ca ro to n e

B -caroten* e x cre tio n  |i|
Me.

F i r s t  day Second day T h ird  day Mean

1 . 90 140 130 120

2 « 300 248 244 244

3 . 148 202 224 192

4 . 289 268 211 256

5 . 300 224 160 228

6 . 312 380 424 372

7 . 288 296 352 312

8« 309 330 369 336

9 . 448 484 324 492

10* 360 342 342 348

1 1 . 162 110 240 144

1 2 . 392 422 410 408

1 3 . 270 274 248 264

1 4 . 264 248 244 252

1 5 . 294 202 144 220



ANNZKURC X

E x c r e t io n  o f  B -e a ro ta n a  d u rin g  th e  th rea  m b w o m n t  t » r « l n t l  
d a y  by  tha ta r g e t  o h i ld r a n  ahan standard  B ^ a r o t t M  waa fa d

m  a lo u rc a  o f  B -c > r o t » n «

No*
B -e a ro te n a •x e ra  ta d  ^  .

t i n t  d « jr Second d a y T h i r d  d a y Naan

1 . 1t|2 100 124 122

2 . 138 160 146 148

3 . 184 214 190 196

4 . 210 199 194 201

5 . 186 186 189 187

6 . 230 193 250 225

7 . 280 240 200 240

8 . 220 213 193 210

9 . 246 268 212 242

1 0 . 230 230 243 235

1 1 . 173 210 185 190

1 2 . 270 220 213 235

1 3 . 190 210 146 182

1 * . 198 126 210 178

1 3 . 160 230 180 190


