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I INTRODUCTION

I t  i s  one o f  the anomalies o f  nature and man that 

the cou n tr ies  with the hi hast rate o f  xerophthalmia 

are  among the p eren n ia lly  greenest o f  the world, but the 

n u t r i t io u s  green leaves  do not find th e ir  way in to  the 

mouth o f  email ch ild ren  (Qomen, 1974).

Im most, i f  not a t  a l l  develop ing  cou n tr ie s ,  

vegeta b les  rather than animal products are the main 

a v a ila b le  source o f  d ie ta ry  vitamin A, that i s ,  ca roten e . 

Increased consumption o f  carotene r ich  foods can ensure 

a ls o  increased consumption o f  other vitamins and minerals 

(Gopalan 1976). The dark green le a fy  fe g e ta b le s  eaten 

t r a d i t io n a l ly  in  t r o p ic a l  cou n tr ies  have a much higher 

carotene content than da pale green le a fy  vegeta b les .

Hence the World Health Organisation (WHO, 1976) has 

recommended that d e f i c ie n c y  o f  vitamin A can be overcome 

by encouraging c u l t iv a t io n  o f  green le a fy  vegetables  

in  k itchen  gardens, scho 1 gardens and com unity gardens.

In India people are governed to a large  extant by
i

s u p e r s t it io u s  b e l i e f s .  This i s  the reason why food s tu f fs  

l ik e  green le a fy  vegetab les  are avoided . Green which are 

w ithin  the easy reach o f  the low income groups i s  s t r i c t l y
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avoided during childhood fo r  they are termed as 'h o t '  

foods  dr be lieved  to  cause d iarrh oea , dysentery and 

o th er  i l l n e s s  (NIN, 1973 end Apte, 1977)*

The National In s t itu te  o f  N utrit ion  (NIN, 1975) 

has reported the intake o f  vitamin A among the lower 

income groups o f  the country to  be fa r  below the 

recount ended value o f  750 pg» A nation  wide d ie tary  

survey revealed the highest intake o f  pcarotene in 

West Bengal (533«4pg) and the low est in  Kerala (1Q6 j jg ) .  

According to Oevadas (1974) the d a i ly  consumption o f  

green le a fy  vegetab les  in Tamil Nadu i s  at low as s igh t 

grams par person as against the recommended allowance o f  

100 g« Leafy vegeta b les  which are the only p ra c t ic a b le  

aource o f  carotene in the poor d ie t  are hardly ever 

consumed by more than 30 per cent o f  poor rural fam ilies*  

The consumption o f  green le a fy  vegeta b les  in the rura l 

areas among the low income group i s  estimated to  be f i v e  

t o  ten grams b y ‘ Rajalakshmi (1 9 7 6 ) ,  '

Owing to the low intake , the d e f ic ie n c y  o f  vitamin A 

has become a major p u b lic  health problem in India 

con tr ib u tin g  to  f iv e  m i l l io n  cases o f  preventable blindness

II
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(Qomen, 1969) S r ik an tia , 1975 and WHO, 1976)* For 

theae b lind  ch ild ren  daye and n ights  remain m eaningless.

Light i s  shut fo r  them fo r  ever . Not that they ware born 

b lin d  but they only  did not have proper d ie t  and nourishment. 

C l in ic a l  signs o f  vitamin h d e f ic ie n c y  have been found 

in  schoo l ch ild ren  in sev ra l s ta tes  with as high a 

prevalence; as 10 per ca n t .  Qer-ular m anifestations  o f  

vitamin A d e f ic ie n c y  are frequently  seen among p resch oo lers  —  

b i t o t  spots  3.1 per cen t) co n ju n ct iv a l  x e ro s is  4 ,3  per cent 

and corn ea l x e ro s is  0.1 per cent (Alan Berg, 1973 and 

Wilson, 1977).

The inadequate d ie ta ry  intake o f  the vitamin i s  

mainly due to the poor s o c io  economic background o f  the 

p op u la t ion . In India 23 per cent of1he rural and 46 per 

cent o f  the urban population  l i e  below the poverty l i n e .

So much so that even i f  they spend TO to  60 per cent o f  

th e ir  income on food they cannot a f fo rd  even the le a s t  

co s t  balanced d ie t  (S r ik a n tia ,  1975 and Gopalan, 1977).

I t s  prevalence i s  a lso  due to  p a r a s i t i c  in fe s t a t io n ,  

ignorance and i l l i t e r a c y  (Qomen 1973| Gopalan, 1975) 

Ramalingaswamy, 1975) C rav ioto , 1976) IPPf, 1976 and
I _

Ng and Chong, 1977).
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t.

Lala and Reddy (1970) and Back (1974) opine that 

the most ra t io n a l  method o f  preventing th is  tragedy o f  vitamin A 

d e f i c ie n c y  in  ch ildren  would be to  improve th e ir  d i e t s .

Foods r ic h  in vitamin A such aa meat, f i s h ,  m ilk , egg 

yolk  and l i v e r  are expensive and beyond the reach o f  the 

poor* Hence, caroten es  derived from inexpensive p lant 

sources should be encouraged (Rao and Rao, 1970f Rajalakshmi, 

1974| Oevadas and Murthy, 1975 and Jean Mayer, 1975)*
'ii

Plant food carotenes are not f u l l y  absorbed by "

human su b je c ts  and the absorption  haa been found t o  Vary ( 

over a wide range* B esides, greens being used freah , 

they are a lso  dried  and used in the powdered for?*

Sundrying o f  vitamin A r ich  foods i s  a technique fo llow ed 

in  A fr ica  to overcome s c a r c i ty  o f  such foods* Me Dowell 

(1976) 8tatas that carotene content o f  foods is  destroyed 

under d i r e c t  exposure o f  le a fy  vegetab les  to  sunlight*

However s tu d ies  r e la t in g  to  the u t i l i z a t i o n  o f  carotenes 

from d i f f e r e n t  le a fy  vegetab les  by Indian ch ild ren  who 

are a u b c l in ie a l ly  malnourished have so fa r  been lim ited  

(FA0/WH0, 1967 and Rao e£ a l . 1970) and a ls o  the e f f e c t  

o f  drying and preserving  the le a fy  vegeta b les  on the 

u t i l i s a t i o n  o f  p carotene i s  not com pletely  explored* <•

i
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Hence i t  i s  im perative to determine the- extent to  which 

p carotene from plant foods  can replace  vitamin t  e s p e c ia l ly  

in  the d ie t s  o f  poor ly  nourished ch ildren* Though a 

few s tu d ies  have been reported in the l i t e r a t u r e  not a l l  

leaves  have been examined fu l l y  along t h is  l in e*  Two o f  

such u n id en t if ied  sources o f  green le a fy  vegetab les  arel
fenugreek and drumstick leaves with the p carotene content 

o f  2!|4Q pg and 6780 fig per lOOg r e s p e c t iv e ly  (NIN, 1976)*

Both fenugreek and drumstick leaves  are a l l

over Ind ia , throughout the year* Both these greens have 

good m edicinal va lu e , and have been used by homemakers in 

both rural and urban areas (Aman, 1969)*

In the present in v e s t ig e  ion  an attempt has been 

made to  study the b i o l o g i c a l  a v a i la b i l i t y  o f  B carotene 

from fenugreek end drumstick lsa v ss  in  the f r  ah and dried  

forms on a group o f ru ra l  preschool ch ild ren*  For 

comparison one group o f  ch ildren  were fed standard p carotene* 

The feeding was carr ied  out fo r  a period  o f  two and a 

h a l f  months and the e f f e c t  o f  supplementation was evaluated 

using serum vitamin A l e v e l s ,  blood haemoglobin l e v e l s ,  

c l i n i c a l  p ic tu re  and fa e c a l  e x cre t io n  le v e ls  as the

c r i t e r i a



II REVIEW OF LITERATURE

Tha l i t e r a t u r e  perta in ing  to  the study on " S i s l e g i c a l
«

A v a i la b i l i t y  o f  p Carotana from Fresh and Oried Green 

Leafy Vegetablee on Pre School Children" i s  reviewed 

under the fo l low in g  headings*

A. Factors in flu en c in g  the b i o l o g i c a l  u t i l i z a t i o n  
o f  p caroten e  and vitamin A

B. Assessment o f  vitamin A n u tr i t io n a l  s ta tu s

C. Prevalence o f  vitamin A d e f ic ie n c y  and the 
preventive  measures taken

and D. Green le a fy  vegetab les  -  A source o f  inexpensive 
vitamin A

A* Factors in f lu en c in g  t he b i o l o g i c a l  u t l l l g a U o m f  
p carotene and vitamin A*

1. u t i l i z a t i o n  Of B carotaofli

Studies on human absorption  o f  food carotene  are 

l im ited  and the data a v a ila b le  are v a r ia b le .  I t  i s  

d i f f i c u l t  to  p red ict  with con fid en ce , the a v a i la b i l i t y  o f  

p caroten e , as in  many s tu d ie s ,  the method o f  estim ation  

o f  p carotene has included both £  and p catotsne and in 

some s tu d ies  other carotenes as w e ll  (S r ik a n tia ,  1975), 

Absorption o f  p carotene has, however, been found to  be much 

higher than that o f  t o t a l  caroten es . Absorption o f  p carotene 

from d i f f e r e n t  fonde v a r ie s  widely#
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There ara sev era l  p h y s io lo g ic a l  fa c to r s  which are 

seldom considered but which can in flu en ce  the absorption  

and u t i l i z a t i o n  o f  vitamin A and i t s  precursors* Thaae 

in c lu d e  the a v a i la b i l i t y  o f  the provitam ina presence o f  

other  d ie ta ry  components l ik e  f a t s ,  vitamin C and 

p a th o lo g ic a l  con d it ion s  such as acute in fe c t io n  or 

thyroid  abnorm alit ies  as has been put fo rth  by Underwood 

(1 9 7 4 ).

A study conducted by iChandras kharsn (1975) reports  

that higher l e v e l s  o f  d ie ta ry  p rote in  and l i p i d s  gen era lly  

favoured the u t i l i z a t i o n  o f  vitamin A and the ca ro te n o id s .  

Sanger (1975) suggests that there i s  no r e la t io n  between 

e s s e n t ia l  fa t ty  acid  intake and vitamin A and c. plasma l e v e l s .

*
The absorption  and u t i l i s a t i o n  o f  carotene from a 

le a fy  veg, ta b le ,  a roo t  vegetab le , a f r u i t ,  a c r y s t a l l in e  

p carotene and a mixed vegetable  source in four adult male 

vo lu n teers  was in v es t ig a ted  by Rao and Rao (1970 ).

While c r y s t a l l in e  p carotene was com pletely  absorbed, 

the mean percentage absorption  o f  carotene from amaranthus,

c a r r o t ,  papaya, and mixed vegetable  source were 58, 36, 46
*

and 33 r e s p e c t iv e ly .

/
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A study by Worthy £& &1 (1972) on 10 c o l le g e  students, 

who were given a d a i ly  supplement o f  100 g o f  c a r ro ts  fo r  

20 days reg is tered  a s ig n i f i c a n t  in crea se  o f  vitamin A 

namely, 2 ,8  ug/100 ml o f  the serum.

Murthy e$, (1976) compared the e f f i c i e n c y  o f

absorption  o f  p carotene from amaraftthus and l e a f  p rote in  

with that from standard B carotene on 15 p resch oo l ch ildren  

and the r e s u lts  shoved that 8B.4 per cent o f  B carotene 

was absorbed from standard B carotene 61.4 per cent from 

ameranthus end 76.7 per cent from l e a f  p ro te in .  The 

serum vitamin A l e v e l s  showed increment from 20.5 to  

29.2 pg/100 ml. The serum t o t a l  p ro te in  and albumin 

l e v e l s  showed a p o s i t iv e  c o r r e la t io n  with serum vitamin A 

l e v e l s .

2 . l l t i l l r a t i o n o f  vitamin At

The fa e to rs  in c lu en c im  the absorption  and u t i l i z a t i o n  

o f  vitamin A has been discussed  under the fo l low in g  heads, 

as postu lated  by Underwood (1974 ).

a .  E f fe c t s  o f  cocking

b . D ietary p ro te in  le v e l s

c .  Vitamin E intake

d .  Presence o f  em ulsified  fa t s

and e .  P a th o log ica l con d it ion s  o f  the body
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a * E f fe c t  o f  cook in a> .

According to Nageswaro Rao ,e£, a ,̂ (1967) aa much as-i
40 per cent o f  ths carotene o r ig in a l ly  present in  the

1 '
food i s  l o s t  by cocking* Beep fry in g  or fry in g  fo llow ed  

by heat with small amounts o f  water caused marked 

d e s tru ct io n  o f  vitamin A, but b o i l in g  le a fy  vegetab les  and 

p o ta toes  in  water resu lted  in  l i t t l e  or no lo s s  o f  carotene*
t

High temperature o f  deep fa t  fry in g  may re su lt  in con s id era b le  

lodd  o f  |3 carotene from tlan t foods accord ing  to  Spencer 

(1973)* When graan le a fy  vegetab les  ware cooked, the 

lo s s e s  varied from 27 to 40 par cent as studied by 

Hajalakshmi At (1974)* '

However, ths p o s s i b i l i t y  that the cooking process  

might denature some o f  the ca ro ten o id s  o r ig in a l ly  present 

in  the new fo o d s tu f fs  has not bean explored* Cooking 

resu lted  in  lo s s e s  o f  carotene in  ths le a fy  vegeta b le , the 

lo s s e s  due to  fry in g  being double the lo s s e s  due to b o i l in g .  

When lOOg o f  c a r ro ts  wars cooked in  a pressure co~ksr fo r  

f i v e  minutes i t  provided about 1230 pg o f  c a ro t in s  as 

against 1890 pg present in  fresh  samples (Spencer, 1973)*

b* D ietary  p rote in  I s v e la *

An in te r r e la t io n s h ip  between p rote in  and B carotene 

both at the n u tr i t io n a l  and m etabolic  l e v e l s  has been 

suggested by Kothari e t  a.i (1971)*
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D ietary  carotene has bean found to be more s f f i s i m t i  w 

u t i l i z e d  by rat when case in  was the aourea o f  p ro te in  

than when rein  o r  gluten was the aourea ae re ferred  to  '

by Barger jal (1962)* Xn rata  both the q u a lity  and 

the quantity o f  d ie ta ry  p rote in  have been shown to  

in f lu en ce  the absorption  o f  p carotene* In animals 

maintained on d ie t s  provid ing  four per c~nt p rote in  the 

absorption  and conversion  o f  p carotene has been found to 

be impaired as a v e r t e d  by Mathews (1963)*

On the other hand a c t i v i t y  o f  the in t e s t in a l  

anryme carotene dehydrogenase* which eomrerts p earoteas 

to  vitamin A has been found to  be higher on animals 

maintained on d ie t s  provid ing  10 par cent p ro te in  as 

compared to those maintained on 20 and 40 per cent p rote in  

d ie t s  ae remarked by SrsnPoohan Sangar and Wolf (1970) and 

l im o r i  (1975)* Also the a c t iv i t y  o f  the enzyme hes been 

found unaltered in human su b je c ts  a f t e r  an s igh t day 

period  o f  fast in g*

The e f f e c t  o f  time on the u t i l i s a t i o n  o f  a fixed  

dose o f  ceratena in young ra ts  on d ie t s  with 10* 20 and 

40 par cent p rote in  was studied by Kamath (1972)*

I
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I t  was demonstrated that p rote in  had no e f f e c t  on e f f e c t  

on the u t i l i z a t i o n  o f  the lowest l e v e l  o f  the r e t in y l  

a ce ta te  supplementation• In c o n tra s t ,  u t i l i z a t i o n  o f  

la rge  amounts o f  r e t in y l  acetate  was diminished in 

p ro te in  d e f i c ie n c y ,  but was not a f fe c te d  by exces iwa 

p rote in  intake*

On p rote in  s ta rv a t io n , a decrease in serum vitamin A 

was observed by Thapar jBt (1973, 1975). No s ig n i f i c a n t  

change was n oticed  a f t e r  feed ing  on p ro te in  d ie t s  fo r  

three  days but a f t e r  seven days the h ighest l i v e r  vitamin A, 

and serum vitamin A values were seen in  ra ts  given casein  

fo llow ed by ra ts  given gluten and ly s in e ,  and gluten alone*

f
Rats deprived o f  p ro te in  stored  more vitamin A 

per gram hepatitic t is su e 'a n d  kidney than normal r a ts ,  

but plasma contained l e s s  vitamin A* Rao (1974)

p o s tu la te s  that during re p le t io n  vitamin A in a l l  three  

t i s s u e s  become comparable with that in the normal*

The a c t i v i t i e s  o f  the enzymes o f  vitamin A metabolism were 

low compared with c o n t r o l s ,  but they returned to  normal 

when rats  were given the high p rote in  d ie t*
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Vitamin A u t i l i z a t i o n  and sight gain ars l in e a r ly  

re la ted  as pointed out by Adhikari £ t  £1 (1976}*

Impairment o f  vitamin A i s  r e f le c t e d  in  lower e x cre t io n

o f  p o la r  m etab o lites  o f  the vitamin* The torage o f
33000 |jg o f  vitamin given with H retained by stomach 

tube was maximum a f t e r  24 hours but uptake was slower 

fo r  ra ts  given 3 per cent casein*

According to  Scragg and Rubidge (1960) in  man 

prote in  n u tr i t io n a l  status does not appear to  be c r i t i c a l  

in  the metabolism o f  J9 carotene* In some parts o f  A fr ica  

even among tha moat ser iou s  cases o f  Kwashiorkor the 

o ccu la r  s igns o f  vitamin A d e f ic ie n c y  are extremely rare* 

Their habitua l contain  rad palm o i l *  a r ic h  source o f  ' 

p carotene*

Lala £& al  ̂ (1970) in d ica te  that the under nourished 

ch ild ren  with occu la r  s igns o f  vitamin A d e f ic ie n c y  

could absorb and u t i l i z e  p carotene s a t i s fa c t o r i l y *

Children re ce iv in g  supplements o f  about 1000 pg o f  p carotene 

through green le a fy  vegetab les  f o r  two weeks showed an 

increase  in serum vitamin A l e v e l s  from 20 to  30 fig and 

a ls o  an improved c l i n i c a l  p icture*  Lala and Reddy (1970)
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reported the e f f i c i e n c y  o f  absorption  o f  B carotene 

from araaranthus in  a group o f  uvtdernousishsd presch ool 

ch ild ren  to be about 70 par c e n t ,  a value s im ila r  to  

that reported f o r  normal adults* ■

Smith (1975) observed that the plasma

vitamin A, r e t in o l  binding p rote in  and prealbumin 

concentration  were much more s e n s it iv e  to  c a l o r i c  nd 

p rote in  therapy in p r o t e in » c a lo r is  m alnutrition  than 

were plasma albumin ^nd t o t a l  p ro te in  le v e l s  in  ch ildren*  

A balance between d ie ta ry  c a lo r i e s  and p rote in  may be an
i ^

important var ia b le  in  the response o f  plasma p rote in  to  

treatment*

c* Vitamin S in tak si

Vitamin E i s  a fa c to r  which e f f e c t s  th 8 b i o l o g i c a l  

sod u t i l i z a t i o n  o f  vitamin A according to  Rodriquez and 

Irwin (1972) and Bauarnfeind a l  (1975)* Ames (1969)

puts forward the hypothesis  th a t 'v ita m in  A absorption  ia  

markedly impaired in vitamin E d e f ic ie n c y *  Oral
' i

supplementation with d -e lp h a -to cop h ero ls  increased the 

u t i l i z a t i o n  o f  o r a l ly  administered vitamin about s i x f o ld .  

Even when vitamin A was administered intram uscularly  in  

em u lsified  form u t i l i s a t i o n  in  the vitamin E d e f i c i e n t  

animal wee low* '

I
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Kuoin jgji aj. (1974) demonstrated that the add ition  

o f  40 and 100 mg o f  vitamin to  the massive doss o f  

vitamin A in  normal ch ildren  had' 'no e f f e c t  on the 

absorption  or re ten tion  o f  vitamin A, but on add ition  o f  

500 mg o f  vitamin A resu lted  in a s ig n i f i c a n t  increase  in 

the  in t e s t in a l  absorption  o f  vitamin A and a lso  in 

urinary e x c r e t io n .

d . Presence o f Emulsified fa in t

Following o ra l  adm in istration , plasma vitamin A 

l e v e l s  r i s e  mors rap id ly  with em ulsified  vitamin A than 

vitamin A in  o i l .  E m ulsification  in crea ses  the speed 

o f  absorption  o f  an ora l  dose o f  vitamin A, but does 

not in crea se  i t s  b i o l o g i c a l  u t i l i z a t i o n  (Ames, 1969)* 

However e m u ls if ica t io n  grea tly  enhances the b i o l o g i c a l  

response to intram uscularly  administered vitamin A.

In genera l, the greater  the proportion  o f  em ulsifier#  

the greater  the b i o l o g i c a l  response*

D ietary l i p i d s  do not appear to  be as important fo r  

u t i l i z in g  preformed vitamin A as they are fo r  the 

provitamin (Qey Khoen Lien jrfc. o^ , 1967).

I
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Figueira ^  (1969) concluded that d ie ta ry  fa t

i s  not e s s e n t ia l  f o r  vitamin A, absorption  s ince  young 

ch ildren  on low fa t  d ie ts*  supplemented with vitamin A 

and dried  skimmed milk had normal plasma values*

However* Kahan (1970) explained that in  premature 

in fanta  the amount a o f  vitamin A absorbed was p a r a l le l  

t o  the amo nt o f  fa t  absorbed. Very low fa t  d ie t s  may 

s ig n i f i c a n t ly  decrease  absorption* e s p e c ia l ly  o f  carotenoids* 

s ince  d ie ta ry  fa ta  from which m onoglycerides . nd phospho­

l ip id s  are produced by normal d ig e s t iv e  process f a c i l i t a t e s  

a b sorp t ion . (

a .  p a th o lo g ica l  con d ition  o f  the body«

Repeated attack s  o f  re sp ira to ry  in fe c t i o n  and ‘ 

g a s t r o e n te r i t is  may enhance the vitamin A requirement by 

In te r fe r in g  with the in t e s t in a l  absorption  o f  the 

viOamins as reported by Roddy and 5ivakumer (1972)*

In ch ildren  whose s to re s  o f  the vitamin are marginal 

th is  may p r e c ip i ta te  c l i n i c a l  m anifestations o f  vitamin A 

d e f i c i e n c y .  In a study by Mukherjee and Barst (1972) 

a l l  the ch ildren  with keratom olacia had a h is to ry  o f  

diarrhoea* the number o f  lo o se  motions being 6 to  12 d a i ly .  

Thera was assoc ia ted  vitamin B-complex and p rote in  d e f ic ie n c y  

as w e l l .
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A searias ie  in  populations on Marginal in takes o f  

vitamin A and the precursors  i s  an important con tr ib u tin g  

fa c t o r  in  producing vitamin A d e f ic ie n c y  (Hahalonabis a it  

1976)# according to th^a the o ra l  adm inistration  o f  

a la rge  s in g le  dose o f  vitamin Af at long in te r v a ls  to  tha 

population  may oe i n e f f e c t i v e  in  the presence o f  a s c a r ia s is .

Thyroid a c t i v i t y  and the conversion  o f  carotene 

to  vitamin A was im plicated  by Gambhir a£ aJL (1975)* 

ThyroiAne treated  animals showed higher l e v e l s  o f  vitaninA 

then c o n t r o l  rats* Thiourea fed animals showed 

op p os ite  e f f e c t s  on l i v e r  t is su e  but l i t t l e  e f f e c t s  on 

kidneys and serum* It has been aiggested that thyroxine 

has three e f f e c t s  on the carotene metabolisms

a* increased absorption  o f  carotene through the gut

b* enhanced a c t i v i t y  o f  the  enzyme respon sib le  f o r  
conversion  o f  carotene to  vitamin A

e* regulated re lea se  o f  stored vitamin A from the ' 
l i v e r  in to  the blood stream.

B* Assessment o f  vitamin A n u tr i t io n a l  s ja tu st

* To assess the vitamin A n u tr i t io n a l  status, the most 

predominantly used c l i n i c a l  t e s t s  are o ccu la r  and they 

gen era lly  prov ide  c le a r  cut evidence o f  the d e f i c ie n t  state*



The o ccu la r  m anifestations include  xerophthalmia, a e r o s is  

o f  the co n ju n c t iv s s , b i t o t ’ s spots as w all as m anifestation  

o f  the cornea* f o r  c ir c u la t in g  vitamin A the plasma 

may be regarded as an extension  o f  the body pool*  The 

ICNM recommends the fo llow in g  in te rp re ta t io n  o f  plasma 

le v e ls *

high

normal

low

d e f i c ie n t

over 50 jig/100 ml 

20*50 jjg/100 ml 

10*20 pg/lOOml 

below 10 ^ig/IQQml

With respect t o  these c a t e g o r ie s ,  the d e f ic ie n c y  

s ta te  l e s s  th n 10 pg/lDQml, tends t o  be u n iv ersa lly  

assoc ia ted  with both low l i v e r  reserves  o f  vitamin A
i

an^an increased prevalence o f  c l i n i c a l  s igns o f  d e f ic ie n c y  

( BHQ, 1976)* 1

Xt has been reported by Reddy jgjt (1966) and 

P ereira  a l  (1968) that impaired dark adaptation 

was frequ ently  seen in  su b je c ts  whose b lo ,d  vitamin A 

l e v e l s  were below 18 fjg/IQQml* In ch ildren  with corn ea l 

involvem ent, however, i t  has been c o n s is te n t ly  found that 

vitamin A e ith e r  cannot be detected  at a l l  o r ,  i f  found 

the l e v e l s  are vsry low*
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Rankov (1976) found that in 27*3 per cant o f

cases  with impaired dark adaptation serum-vitamin A wae
• ,

lower than in the normal su b je c ts  by 36 pg/IQOml f o r  

men and 32 pg/lQOml f o r  woman. ,In su b je c ts  with impaired 

adaptation  the in c id en ce  o f  skin and mucoma membrane 

abnorm alities  was increased , g i n g i v i t i s  was about tw ice  

as common, and chron ic  c o n ju n c t iv i t ie s  f iv e  times as 

common as in persons withnormal dark adaptation .

The most sev -ra  eigne o f  vitamin A d e f i c ie n c y ,  

keratomalacia i s  not commonly recorded as i t  progresses  

rap id ly  to  b lin d n ess , and an examination o f  the shrunken 

or stanhylomatous g lobe does not g ive any d e f in i t e  

in d ic a t io n  o f  i t s  a e t io lo g y  as suggeted by Pereira and 

Begum (19 68 ).

A gradient from about 25 pg/IOOml in apparently 

normal ch ildren  without aevore m anifesta tion s such as 

corn ea l r e r o s i s  and keratomalacia has been found with 

immediate values being asen in ch ild ren  with c o n je c t io n a l  

x e r o s is  and b i t o t  sp o ts .

I
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C. Prevalence o f  vitamin  * d e f i c ie n c v  and the preventive  
Measures takant

Moat o f  the present century p h y s ic ia n s , p u b lic  

health  o f f i c i a l s  and n u t r i t i o n is t s  have been concerned 

about vitamin d e f ic ie n c y  d ise a se s .  Methods o f  c o n tr o l  

o f  b s r i - b e r i ,  scurvy, r ic k e ts  and p e lla g ra  have to  a 

con s id era b le  degree b an widely e f f e c t i v e ,  but not fo r

xerophthalmia o f  vitamin A d e f i c ie n c y .
tJ

Vitamin A d e f ic ie n c y  and the epidem iology o f  xero­

phthalmia have been studied by severa l groups o f  s c i e n t i s t s  

(Patwardhsn, 1969| and Qomen, 1972). I t  hae been 

reported to  occur in Burma, Ceylon, Bangladesh, Ind ia , 

th e  P h il ip p in e s ,  North add South Vietnam, South Korea, and 

Th&mlctnd a8 reported by S lick  et  e l  (19 73 ), Kamel (1974) 

and Vijayeraghevan s i  S i  (1 9 7 5 ).  Xerophthalmia a lso  

freq u en tly  encoumdered in cou n tr ie s  o f  the Middle East and 

A frican  c o u n tr ie s .  Many cases have been report^ from 

Central and outh American cou n tr ies  (S r ik a n t ie ,  1975).

Over 1000 preschool c h i ld  ran become b l in g  due to  vitamin A 

d f i c i e n c y  in a period o f  one year in North Vest B ra z il  

(Simeons 1 9 7 5 ) .-
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As put forth  by Brown (1975) one o f  the important 

causes f o r  the widespread prevalence o f  t h i s  d e f ic ie n c y  

i s  the inadequate d ie ta ry  intake o f  the vitamin and 

poverty* The preva lence  o f  vitamin A d e f ic ie n c y  both in 

rura l and trrban popu lation s  o f  India i s  very high* A 

survey carr ied  out in the c i t y  o f  Calcutta by the USAXD 

(1972) revea ls  that 71 per cent o f  the preschool ch ild ren  

and 91 per cent o f  the adults do not re ce iv e  the minimum 

requirements o f  vitamin A. Seven s ta te s  o f  India* four  

in  tie  South and three in the east* where moat cae s o f  

m alnutrition  are observed* some 13*0110 young ch ild ren  

are going blind fo r  t h i s  reason (Bagchi* 1976)* The 

o v e r a l l  peak prevalence o f  xerophthalmia i s  in  the th ird  

and fourth  y ea rs . The cond ition  frequ ently  i s  assoc ia ted  

with PCM, but o ften  overlooked by the p h ys ic ia n s . The 

peak fo r  PCM without aaaampanying xerophthalmia i s  between 

30-36 months o f  age ( Smith j-Jj, j» i ,  1973). The a s so c ia t io n  

o f  hypoalbuminemia and low serum vitamin l e v e l s  in PCM i s  

accompanied by low l e v e l s  o f  r e t in o l -b in d in g  prote in  

(Arroyave jjj; ja^, 1963 and Zaklama a l « 1972, 1973). 

Treatment with p ro te in  feeding without a d d it io n a l  

vitamin A i s  usually  follow ed by an inerammmrf in the serum
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if

r e t i n o l  concentration  due apparently to  u t i l i z a t i o n  o f  

p rev iou s ly  unavailable  l i v e r  s tores  (Smith at. a l . 1973}* 

The study at Surabaya suggests that o f  the b lind  surv ivors  

about 25 per cent a r e ' in  the fou rth  y m r  o f  l i f e *

B lindness in  t h is  case means about 60 per cent abinocular 

b lindness and 40 par cent monocular* The a f f e c t i o n  i s  

not always symmetrical as proposed by Oomen (1976)*

A study conducted on the serum vitamin A l e v e l s  

f o r  a Malayan and an Indian community in rura l Malaysia 

showed the fo l low in g  e v id e n c e d 2 per cent o f  the presch oo l
i

ch ild ren  o f  both communities hed serum vitamin A l e v e l s
i

that may ba regarded *at risk** namely l e v e l s  below 

20 pg/tQ0mi while 16 per cent and 27 per cent o f  the 

Malaya and Indian schoo l ch ild ren 1 r e s p e c t iv e ly  were f  und 

t o  be in a s im ila r  s ta te  o f  hypovitam inosis* In con tra st  

the rural adult population  did  not appear to  s u f fe r  

any measur able lack  o f  th is  vitamin as studied by Ng and 

Chong (1 9 7 7 ).  !

The main o b je c t iv e  o f  the prevention  o f  vitamin A
I

d e f i c ie n c y  i s  to reduce the prevalence o f  b lindness* 

Prevention can be ca rr ied  out through p e r io d ic  massive dose

i
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peogramnes aimed et ch ildren  at r isk  or f o r t i f i c a t i o n  

o f  s u ita b le  food that i s  consumed regu lar ly  in  populations 

and education may con tr ibu te  su b s ta n t ia l ly  to  the prevention 

o f  xerophthalmia (WHO, 1976)*
I

In a study conducted by P ereira  and Begum (1969) 

in an orphanage in  South Ind ia , when the ch ildren  ware 

a d rn ils ta red  90,000 pg o f  vitamin A o r a l ly  as a s in g le  

d o se ,  had l e v e l s  o f  serum vitamin A which were above 

pretreatment le v e ls  fo r  periods  up to  four  months a f t e r  

dosing* The adm inistration  o f  small amounts o f  d ie ta r y  

intake o f  p carotene (120 pg d a i ly )  was found to  be capable  

o f  e leva tin g  and maintaining b io  d l e v e l s  o f  vitamin A 

at l e v e l s  higher then those seen in  a s in g le  group o f  

s im ila r  ch ildren  who had not rece ived  the massive does fo r  

p er iod s  upto 16 weeks*

In the s tu d ies  carried  out at the National In s t itu te  o f  

N u tr it io n ,  (Sr ikan tia  and Reddy, 1979) the adm inistration  

o f  massive doee in malnourished ch ild ren  could maintain 

the serum vitamin A le v e l  at 27 pg/100 ml even at the and 

o f  s ix  months and that by 9 to  14 months i t  had fa l le n  to about

■ V

V
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14 pg/1QQml a value above the predoeing leve l*  As a 

preventive measure Indonesia many ophthalm ologists  and 

p e d ia tr ic ia n s  a lso  adm inister 90,000 pg o f  vitamin A to 

a l l  preschool ch ild ren  Karyadi Jii (1975)*

With the o b je c t iv e  o f  preventing vitamin A 

d e f i c ie n c y  about 2000 presch oo l ch ild ren  ware administered 

an annual massive, s in g le  does o f  300,000 ml o f  vitamin A. 

The r su ite  o f  the fo l lo w  up study ov r a period  o f  two 

years in d ic a te  a con s id era b le  redaction  in  the pr valence 

o f  eigne o f  vitamin A d e f ic ie n c y *  In order to a tta in  

b e t te r  pr phylax is  Swaminathon o£  a l (1970) suggested thet 

the frequency o f  adm inistration  o f  the massive dose be 

increased  to  once in  every s ix  months instead o f  once 

every year*

Since vitamin A d e f ic ie n c y  mostly a f f e c t s  young 

ch ild ren  the UNICEF with the s c i e n t i f i c  and te ch n ica l  

advice o f  WHO took upon i t s e l f  to  enrich  the dried  skim 

milk used in i t s  programme with vitamin A* The l e v e l  

recomm ended f o r  s t a b i l is e d  formj o f  the vitamin A i s  

1,500 pg r e t in o l  (Eg. to  5#000IU o f  vitemin A) per 

100 g o f  skim milk powder, assuming intakes in the range 

o f  40 to  80g ekim milk powder per day (PAG, 1976| WHO,1977)
t
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A survey o f  food habits  in tho sta tes  o f  Gujarat

and Maharashtra in  Western India revealed that 87 per cent
\

o f  the v i l la g e r s  in Gujarat in c lu d in g  84 per c  nt o f  

those  in  the lowest incone fa m il ie s ,  give tea t o  t h e ir  

ch ild  an* Therefore the f o r t i f i c a t i o n  o f  tea by dry 

n ix in g  with f in e  powdered dry vitamin A palm itate i s  an 

id e a l  v e h ic le  fo r  conveying vitamin A to  mil ion s  o f  

Indians in  a l l  age groups whose d ie t  i s  s e r io u s ly  

d e f i c i e n t  in  th is  vitamin (WHO, 1976),

The e f fe c t iv e n e s s  o f  n u tr it io n  education programmes 

aimed at improving the consumption o f  vitamin A r ich
bfc*-*

foods  has fctever.adequately evaluated* The education  

must in c lu de  aspects  o f  p roduction , stor gs , and 

u t i l i z a t i o n  o f  food products afrdjin some cases may a lso  

in c lu d e  methods o f  p reservation  (WHO, 1976)*

D. Green le a fy  vegetab les  *  A source o f  inexpensive vitamin At |
i

In most o f  not a l l  areas o f  the world where 

xerophthalmia i s  prevalent bega ta b lee , rather than animal 

products are the main a v a ila b le  source o f  d ie ta ry  vitamin A 

( i* a *  carotene)*  Increased consumption o f  many o f  the

1
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carotene  r ich  foods w i l l  a lso  ensure the increased

consumption o f  other  e s s e n t ia l  nutrients*  Hundred grams
\

o f  amaranthu8 prov ides 5,520 fig o f  p carotene ( ICMR, 1976)* 

Many o f  the dark green le a fy  vegeta b les  eaten t r a d i t io n a l ly  

in  t r o p ic a l  co u n tr ie s  have a much higher carotene content 

than do pals  green le a fy  vegeta b les  such as cabbage, 

reddish  and turn ips  (WHO, 1976)#1

The absorption  o f  carotene from a le a fy  vegeta b le , 

a roo t  vegeta b le , a f r u i t  and c r y s t a l l in e  p caroten e , and 

a mixed vegetable  source in ,  four male vo lunteers  was 

studied by Rao and Rao (1970)* While c r y s t a l l in e  carotene 

was com pletely  absorbed, the mein absorption  o f  carotene 

from amaranthus, c a r r o t ,  papaya and mixed vegetable 

sources  were 58, 36, 46, and 33 r e s p e c t iv e ly *  Xt ,

appears from the study that a v a i l a b i l i t y  o f  carotene from 

le a fy  vegetab les  may be 50 per cent or  more*

In a study undertaken by Ramana and Singh (1971) 

r a ts  from the progeny o f  mothers fed a vitamin A d e f i c i e n t  

d ie t  during mating, pregnancy ond la c ta t io n  were given by 

mouth 32 XU o f  vitamin A d o i l y ,  while one group o f  ra ts  

were on a vitamin i  d e f i c ie n t  d ie t*  Then re h a b il ita te d
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with a d ie t  contain ing  680 yg /carotene/IO O ^of l e a f  protein* . 

The rata maintained on a vitamin A fre e  d ie t  showed lo s s  

oa body weight and had v i s ib le  signs o f  vitamin A 

d e f ic ie n c y *  The ra ts  with continuous o ra l  supply o f  

vitamin A had heavier l i v e s  with grea ter  vitamin A content 

than the deprived rats*

The e f f i c i e n c y  o f  conversion  o f  B carotene to  

vitamin A was in the region  o f  y3 f o r  purs B carotene aid 

a ls o  fo r  B carotene in le a fy  m ateria l such as fenugreek*

No d i f fe r e n c e  was found between ra ts  on d ie t s  with f iv e  

per cent i r  10 per cent p rote in  wit; respect to iha apparent 

u t i l i z a t i o n  o f  B caroten e , but blood haemoglobin and serum 

p rote in  end albumin ware diminished in  ra ts  deprived o f  

vitamin A suggesting that the vitamin A i s  involved  in

p rote in  syn th esis  (Rajalakshmi -Jt aj^, 1975)*
. *

Xn a study conducted by Murthy jjt  ,al (1976) to  

determine the e f f i c i e n c y  o f  absorption  o f  B carotene from 

•m.^ranthus and l e a f  p rote in  as compared to standard 

B carotene isbowed that 85*4 per cent o f  B carotene was 

absorbed from the standard and 61*4 per cent from amaranthus 

and 76*7 per cent from l e a f  prote in*
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Studies were conducted by Rajalakshmi jal (1977) 

on cd u lt men o f  the comparative response o f  serum carotene 

and vitam in A le v e ls  to supplem entation with 1800 pg o f  

caroten e provided by le a fy  vegeta b les  and 600 jjg o f  

vitam in A palm itate in  o i l*  The in crea se  in  serum vitamin A 

(jjg/IQQml) in the groups fed le a fy  vegeta b les  and 

vitam in A wars 15 and 16 as against 2 and 1 in  the fed 

and non fad co n tro ls*  The corresponding in crea se  fo r  

the serum carotene were 36* 2to1 and 5 re sp e c t iv e ly *

Thus su b je c ts .g iv e n  le a fy  vegeta b les  showed at le a s t  as 

good a response as the group given vitam in A suggesting 

a high e f f i c ie n c y  o f  u t i l i z a t io n  o f  carotene in  su b je c ts  

accustomed to d ie t s  based mainly on p lant foods* I

I

f
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1X1 EXPERI81NTAL PROCEDURE

The present in v e e t lg e t io n  was designed to  study the , 

H le io g ir s l  A v a ila b il i ty  o f  p Carotene from Freeh and Dried 

Green Leafy V egetables on Preschool Children* The *

procedure con s is tsd  o f  the fo llo w in g  etepst

A. S e lection  and grouping o f  ch ild ren

B* Supplementation o f  the e x is t in g  d ie t s  with ]3 carotene 

and C* Evaluation o f  the feed in g  t r i a l

a• iilT it lii'r  tit  ̂im iifm  "* irtlUnm

A v i l la g e  Vedamedurai o f  the Perianaickenpalay am 

Block s itu ated  11 km north o f  Coimbatore c i t y  was se le cted  

fo r  carry in g  out the study* The v i l la g e  had a balwadi 

with 45 ch ild ren  o f  to  f iv e  years o f  a ge , p a r t ic ip a t in g

in  the CARE Feeding Programme* Another group o f  30 ch ild ren  

o f  the same age group* o f  attending the balwadi but 

p a r t ic ip a t in g  in  the CARE Feeding Programme wer a lso  

se le c te d  fo r  the study* A ll the ch ild ren  p a r t ic ip a t in g  

in  the fe e d in g ' programme received BO g o f  Balshar d a ily  

in  the form o f  Uppuma, but no green le a fy  vegetable o f  

any kind was fed to  them* A group o f  15 c .iId r a n  o f  the

ii



29

•ante ago not p a r t ic ip a t in g  in  any feed in g  programme served 

as con tro ls*

For a l l  the 90 ch ild ren  se le cte d  i n i t i a l  heights 

were  recorded using a measuring ta p e , f ix e d  on the w a ll, 

t o  the nearest 0*1 cm* Heights were recorded using a 

spring  balance >.o the nearest 0*1 kg* A s o c io  economic 

eum d ie ta ry  survey was ca rr ied  out by the in v e s t ig a to r  

to  find  out the economic background and d ie ta ry  h ab its  

o f  a l l  the ch ild ren  a e lected *  The s e v e n ty -fiv e  

experim ental ch ild ren  ware d iv id ed  in to  f iv e  groups o f  

IS ch ild ren  each, comparable in  th e ir  mean i n i t i a l  

h e ig h t, weight and th e ir  e o c io  economic background and 

designated  us A, B, C, 0 and E fo r  re ce iv in g  d if fe r e n t  

sup laments* The mean i n i t i a l  h eigh ts and weights o f  

the se le cte d  groups o f  ch ild ren  are present d in  Table I*
i]

The in d iv id u a l values are given in  Appendix A,

A"'
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TABLE I

THE MEAN INITIAL HEIGHTS AND WEIGHTS OF 
THE SELECTED CHILDREN

Group Height'
(cm) • Weight

(fcj)

A 87.5 11.7
B 87.4 11.6
C 07.4 11.4

D 87.1 11.4

C 87.5 11.3

F 87.6 11.2

B . ,5aPP^m8nt«tAon.,0f  th^ e M stin g  d ie ts  with B c r o t e n e i 

1 • 5gl>Sii.Qn._and. isU B a tio n  o f B ca ro te ne in  the Supplements

The two p caroten e sources se le cte d  fo r  the in v e s t ig a t io n  

were fenugreek end drum stick leaves both in the fresh  as 

w e ll as dried  form s. The drying was ca rried  out m  the 

out door but not under d ir e c t  su n lig h t, to  prevent the 

lo s s  o f  p ca ro ten e . In th is  study a standard jB carotene

i
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/
sou rce , a commercial BDH preparation  was chosen to  compare 

the u t i l i s a t io n  o f  the vitam in against natural food 

sources* The p carotene content o f  the fresh  lea ves  

were estim ated using the overn ight e x tra ctio n  procedure o f  

Thompson ^ t  aj, (1 9 4 6 ). Weighed q u a n tit ie s  o f  the fresh  

lea v es  were dried  as described  above and these samples were 

estim ated fo r  p carotene content* The p carotene content 

o f  the commercial p carotene preparation  was a lso  estim ated 

using the above procedure* The values obtained in  

comparison with the ICMR value are presented in  Table II*

TABLE II

CAROTENE CONTENT OF THE SUPPLEMENTS (ug/100g)

Freeh
values

ICMR
values

Dried
leaves

Percentage
lo s s

Drumstick lea v es 5,925 6,780 3,643 38*51

Fenugreek leaves 1,967 2,340 1,202 38.89

The con ten ts  estim ated were found to  be low er 

than the ICMR values* Drying o f  the lea v es  resu lted  in  

about 38 par cent lo s s  o f  carotene in  both the leaves*

A* \\\
t3. , iSr

1̂ 9 COiMltATÔ1'^
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2 . Conducting food w irA m eni survey*

I n i t i a l l y  f iv e  ch ild ren  fro o  each o f  the experim ental 

and the c o n tr o l  groups were se le c te d  randomly and a three 

day food weighment survey wee ca rr ie d  out to  determ ine 

the p carotene content o f  the normal home d ie t s  consumed 

by the ch ild re n . The weight o f  the raw in gred ien ts  

used fo r  each meal, the t o t a l  weight o f  the cooked food  

and the amount o f  food consumed by the in d iv id u a l p resch oo ler  

were weighed fo r  a period  o f  th ree  days and the raw 

in g red ien ts  consumed were computed. The mean p caroten e , 

r e t in o l ,  p rote in  and iro n  content o f  the d ie t s  was
I

ca lcu la ted  using tha Food Composition Tables (XCMR, 1976). 

From the data i t  was found that the d a i ly  in t ke o f  

p carotene in  the home d ie t  was on ly  about 137 fig ae •

against the XCMR recom ended a 1 low a nee o f  1200 fig.
I

3 . Feeding the Ehlldrmat

For tha supplem entation o f  the d ie t s  e quantity  o f  

1200 pg o f  p carotene was decided aa per the procedure 

fo llow ed  by Lala and Reddy (1 9 7 0 ). The d e t a i ls  o f  the 

supplement given to  d i f fe r e n t  groups o f  ch ild ren  i s  

presented  in  Table I I I .

i
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TABLE III

SUPPLEMENTS GIVEN TO THE DIFFERENT GROUPS OFCHILDREN

Supplement Q uality o f  Carotene content
Groups given the supplement o f  the supplement

A Fresh Fenugreek 
1 »aves 50 g 1200 H9

B Fresh Drumstick 
lea v es o>oCM 1200 pg

C Dried Fenugreek 
leaves 75 g 1200 pg

D Dried Drumstick 
lea ves

t
45 g 1200 p g

E Standard J3 carotene am  am 1200 wg •

F (c o n tr o l )  N il N il N il

The d a ily  supplement w@s given in  the form o f  greens 

kootu* The preparation  f i r s t  standardised and the

most a ccep tab le  preparation  was se le c te d  fo r  feed in g  the 

ch ild ren *  The q u a n tit ie s  required fo r  feeding d if fe r e n t  

groups were standardised in  terms o f  cups and spoons*

Children in Group E were fed 1200 pg o f  standard 

{3 carotene* The ta b le  was d ilu te d  in  coconut o i l  t o  obtain  

a required d ilu t io n *  One ml o f  th is  so lu tion  was equ ivalent 

t o  1200 pg o f  p carotene* The p caroten e so lu tion  was given 

o r a l ly  t o  the ch ild ren  to  Group E every day a ft e r  lunch .



34

The ch ild ren  in the balwadi were fed Balahar 

Uppuma every day* The Balahar ,was supplied  by CARE at 

the ra te  o f  80 g per ch ild  par day* The 30 ch ild ren  

not attending the balwadi a ls o  rece iv ed  the same quantity  

o f  Up usta* The experim ental groups were seated separate ly  

during the feed in g  time* The d a ily  attendance record s  

were maintained throughout the experim ental period  o fi
two and a h a lf  months* I

C. jj£Q luation o f  feed in g  tr ia le >

The c r i t e r ia  used fo r  the eva lu ation  o f  the feed in g

weret

1 . Serum vitam in A le v e ls  . • •

2* Faeeal e x cre tio n  o f  B caroteflti 

3* C lin ic a l  p ic tu re  ^

and 4* Blood Haemoglobin le v e ls
1

Serum vitam in A le v e ls
t

The serum vitam in A le v e l  g iv e s  a p ic tu re  o f  the 

vitam in A sta tu s o f  the in d iv id u a l*  and i t  may be regarded 

as an extension  o f  the body pool (WHO* 1976)* Xn view

V

!
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o f  th is  the serum vitam in i  l e v e ls  o f  the? ch ild ren  was

estim ated at the beginning and end o f  the study* The
(

f iv e  ch ild ren  who were se le cte d  fo r  the i n i t i a l  weighment 

survey wars chosen fo r  th is  a lso  from a l l  the s ix  groups 

and th ree  ml o f  venous blood from each o f  the s e le c te d  

c h ild  was drawn with the help o f  a trained  tech n ician *
i *The serum vitam in A l e v e l  was estim ated using the t r i -  

f lu o r o a c e t ic  acid  method o f Neeld and Pearson (1953)

(Appendix 8)•

2* Faecal ex cre tion  o f  B carotan ei

As 40 per cent o f  Ingested B carotene i s  excreted  

in  the fa e e e s9 s to o l  exam in ation jw ill give the amount o f  

p carotene u t i l iz e d  by the in d iv id u a l (Rao and Rao* 1970).

S too l samples o f  the se le cted  f iv e  ch ild ren  from 

each group were c o l le c t e d  fo r  three con secu tive  days p r io r

to  the in trod u ction  o f  the supplements* Follow ing the«
p carotene supplementation* Faooal samples were c o l  acted  

from the same ch ild ren  u n t il  th e ( carotene content o f  faea a l 

samples was the same in  two con secu tive  days* I t  was 

observed by Rao and Rao (1970) and Lala and Reddy (1970) that

l
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most o f  the unabeorbed carotene from the ingested  sources 

was excreted w ithin  48 hours a f t e r  consumption and on the 

th ird  day the fa e ca l e x cre tion  had returned to  basal 

le v e ls *  Faecal samples were c o l le c t e d  d a i ly ,  weighed

and blended . A liq u ots  were analysed fo r  p caroten e  con ten t.
I

The amount o f  carotene excreted  on the unsupplemanted 

d ie t  was subtracted from the amount o f  carotene excreted  

a f t e r  the supplement was given and the d if fe r e n c e  was 

taken as carotene unabeorbed from the d ie ta ry  eup lenient.

From th is  the par cent absorption  o f  carotene was c a lcu la te d . 

The estim ation  was done using the procedure o f  Jaganathan 

and Patwardhan (1 9 6 0 ).

3 . C lin ic a l  pic tu r e  o f  the ChildESIlt

The c l i n i c a l  assessment i s  based on the re co g n it io n  

o f  c e r ta in  p h y sica l s ig n s . This can be used to  evaluate 

the change b e lieved  to  be re la ted  to  inadequate n u t r it io n -
t

su perficial ep ith e lia l* , t issu es , eye , h a ir , and bu cca l 

mucosa ( J e l l i f f e ,  1967 ). i

Hence a c l i n i c a l  assessment was ca rried  out fo r  

a l l  the 90 ch ild ren  with the help o f  a physician  both 

at the beginning and at the end o f  the study using the 

ICMR C lin ic a l  Survey form s.
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4• Blood haemoglobin l e v s l s i ’

R esu lts o f  some recent s tu d ies  undertaken at the 

N ational In s t itu t io n  (t9 77 ) have eurjgeeted that vitam in A 

may play an important r o le  in  haem opoiesis* D aily  

supplements o f  vitam in A resu lted  in s ig n if ic a n t  in crease  

in  le v e ls  o f  haemoglobin from 9*3+0*55 to  9*9 ± 0*49 g/tOOml 

in  ch ild ren *  In the l ig h t  o f  th is  fin d in g  the blood 

haemoglobin le v e l  o f  the ch ild ren  se le cte d  fo r  the wsighraent 

survey was estim ated both at the commencement and at 

the term ination  o f  the fe e d in g . The method fo llow ed  

was the cyanasthaemoglobin advocated by the 2CNMD (1963)*

I
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. IV RESULTS AND DISCUSSION

Th« present in v e s t ig a t io n  wee aimed at assessin g  

the b io lo g ic a l  avoCiia. hHity o f  p caroten e from fresh  and 

dried  green le a fy  vegetab les  on p resch oo l ch ild ren *  

D if fe r n t  sources o f  B carotene namely the fresh  and dried 

forms o f  fenugreek and drumstick lea v es  and standard 

p caroten e were supplemented in  the d ie t s  o f  f iv e  groups 

o f  p resch ool ch ild ren  fo r  a period  o f  two and a h a lf  

months in  a ru ra l area* The r e s u lts  obtained in  th is  

study are d iscu ssed  under the fo llo w in g  headsi

A* Socio-econom ic background o f  the ch ild ren  

H, D iet and nutrien t intake o f  the ch ild ren  

C* Changes in  serum vitam in A le v e ls

D* Absorption o f  p cerotsn s from d if fe r e n t  supplements 

E* Changes in  the c l i n i c a l  p ic tu re  

and F* Changes in  b lood  haemoglobin le v e ls *

a * S ocio  economic background o f  t he ch lld ren i

The fa m ilie s  o f  the ta rg et b e n e f ic ia r ie s  belonged

to  the poor as well as middle income groups with an income
t

range o f  rupees 175 t o  775 per msnsum. T h irty  per cent
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o f  the fa m ilie s  spent 51 to  60 per cent o f  th e ir  income 

fo r  fo o d f 47*6 per c nt spent 61 to  70 per cent fo r

food  and 22*4 per cent spent 71 to  80 per cant fo r  food* 

Semi s k i l le d  labour in  t e x t i l e  m ills  and e o o l i  (day labour) 

were the main occupation  o f  the parents o f  these ta rg et 

ch ild ren *  A ll the ch ild ren  ware from nuclear fa m ilie s*  

Among the parents 21.32 per cen t were i l l i t e r a t e  in  the 

groups studied*

B• P ie t  and nutriOftt  intake o f  the ch iM rgfu

A three day food weighment survey was ca rried  

out fo r  the randomly se le cte d  f iv e  ta rg et ch ild ren  from 

each o f  the s ix  groups* The mean food intake o f  the
i

ch ild ren  as computed from .he data are presented in  

Table XV with the d e t a i ls  in  Annexure C*
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TABLE IV

KEAN DAILY FOOD CONSUMPTION OF THE, TARGET
CHILDREN*

Quantity consumed by the
Food e RDA 

ICMR me am.ta r g e t ch ild ren J a L -  ~
<9> A B C D E F

C ereals 200 215 220 218 210 220 165

Puleee 60 25 22 27 20 25 19
Green le a fy  
v eg eta b les 75 15 15 10 B 12 10

Other vegetab les  
Roots and Tubers 50 40 32 44 41 35 40

F ru its 50 15 10 a 11 10 ~

Milk end milk 
products 250 40 30 25 35 40 20 .

Fate and o i l 25 15 12 10 15 21 18

Sugar and 
jaggery 40

, '
20 22 19 17 20 15

•
The ch ild ren  in  Group Af B# e , d and E reoeived 60 g

o f  Balahar and 7g o f salad o i l  through the fa  ding

programme.

RDA -  Racorn ended D ietary  Allowances (ICMR, 1976).

I



In a l l  the groups o f  ch ild ren  studied the mean 

d a i ly  consumption o f  c e re a ls  was g rea ter  than the ICHR (1976) 

recommendations* This was mainly due to  the supply o f*

80g o f  Balahar through the fs  d ing pregrensme* Children 

in  ths c o n tro l  group rece ived  a s l ig h t ly  le s s e r  quantity  

through th e ir  home d ie ts*  The consumption o f  pulses* 

vegeta b les  fru its *  milk* fa ts  and o i l  andsugar and jaggery  

were below resaw ended allow ances o f  ICMH(1976). The 

meen consumption o f  green le a fy  vegeta b les  was found to 

be very low* namely* I9g per day as aga inst the recammendad 

qu antity  o f  7Sg per day*

The common break fast item s among the se le c te d  

fa m ilie s  were* l e f t  over r ice*  uppuma* id d l i  or cholam k a l i ,  

f o r  lunch r ic e  or  cholam was used with sambar* o c ca s io n a lly  

a separata vegetable  preparation  was a lso  made* The same 

r ic e  or  cholam k a li  and sambar was kept fo r  d inner a ls o .

In the low er income fa m ilie s  the n igh t meal u sua lly  

con s is ted  o f  e ith e r  b o ile d  ta p ioca  or sweet potatoes*

Thus the fam ily menu did  not have much v a r ia tion  or  va rie ty*  

The food was cooked on ly  once a day e ith e r  in  the morning 

or  a t n ight* in  a few casas i t  was tw ice  e day* .

The poor d ie t  h ab its  and d e f ic ie n t  food in tak e  were 

governed by sev era l t r a d it io n a l*  u n s c ie n t i f ic  b e l i e f e .

The food b o l i e f s  p re v a ilin g  in the s o c ie ty  are as fo llow s*
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Leafy vegetab les i f  consumed by a pregnant women 
w il l  cause her baby to  become dark skinned*

Papaya i f  eaten during pregnancy damages the foe tu s

No vegeta b les  should be consumed a ft e r  d e liv e ry  
as the wounds o f  the uterus take a long time to  
heal and may even turn se p tic*

Consumption o f  green le a fy  k egetab lee  by young 
ch ild ren  causes d iarrh oea , d ysen try , itch in g  and 
se izu res*

The mean d a i ly  n u trien t in take o f  tha se le cted  

ch ild ren  was ca lcu la ted  from the food consumption data* 

Tha mean c a lo r ie  p ro te in , iron  and caroten e  intake o f
r

the se lected  ch ild  en are presented in  the Table V with 

the in d iv id u a l va lues in  Annexure 0*
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TABLE. V

mean total calorie,  protein,  iron and b carotene
INTAKE OF THE SELECTED CHILDREN

N utrients RDA
Groups at

a *  a *  a »  * »  f »  • *  « *

A B

died
m e  m e « l

C
i m e m e • •

D
> m e m e  amr

£ F

C a lor ie s  (C a l) ’ 1500 1154 1252 1127 1224 1250 1100

^ reta in  (g ) 22 21.94 24.55 22*06 21.10 23.54 1 8*38

Iron (mg) 15*20 12.57 13.29 12*50 12,35 11.83 10.91

p Carotana (pg) .  1200 137 253 74 99 169 90

RDA — Recommended Diataxy A lio  aneee (ICMR, 1976)

Notes The balwadi d ie t  supplied  305 c a lo r ie s ,  11.84g%
p ro te in , 3*2 tag iron  and 16 pg p carotene to  
the ch ild ren  in  Groups A, B, C, D end E.

The main lacuna in the d ie t s  o f  the presch ool 

ch ild ren  was a food gap end not a p rote in  gap as reported 

by Gopalan jjt  (1973) and S rik an tia  (1 9 7 3 ). The mean 

c a lo r ie  gap besrved in  these groups o f  ch ild ren  ranged 

from 16,5 to  26*7 per cent* The h ighest d e f i c i t  was 

n oticed  in  the co n tro l group ch ildren*'' Thus in a ce re a l 

based d ie t  i f  the c a lo r ie  gap is  c losed  by an extra 

c e re a l pulee supplement,* the c a lo r i c  gap i s  shortened with 

an increased  p ro te in  in take* But the d e fic ie n c y  o f  vitam ins



44

The intake o f  p ro te in  was! very d isa p p oin tin g  as 

a i l  the experim ental ch ild ren  rece ived  more than 23g/day*

The ch ild ren  in  the c o n tr o l  group rece ived  the low est
i

quantity  o f  p ro te in  namely 18*38 g /da y .

i
The d a ily  in tak e o f  iron  ranged from 10*91 mg in  the 

c o n tro l  group to 12*57 mg in  the|Group A* I t  can be 

in te rp re ted  that a l l  the ch ild ren  rece ived  a meagre 

qu antity  o f  green le a fy  vegeta b les  re su lt in g  in a d e f ic ie n t  

intake o f  iron*

The mean d ie ta ry  intake o f B carotene o f  a l l  the 

su b je c ts  was ae low as 137 yg from th e ir  home d ie ts*

The balwadi supplements p rov id ed 'on ly  16 fig o f  B carotene* 

The low intake o f  preformed vitamin A or B carotene was 

a ls o  due to an inadequate consumption o f  green le a fy
I T

vegetab les*  other vegetable ; end milk and milk products*
I

The B carotene in take from the home d ie t  met on ly 20 to  23 

par cent o f  tha ICMR recomnendsd^dietary allowance (1 9 7 6 ).

C* .Chan.AU in  serum vitam in A la v e ls i

The mean i n i t i a l  and the f in a l  serum vitam in A 

le v e ls  o f  the co n tro l as w ell as the experim ental groups 

o f  ch ild ren  who were fed d if fe r e n t  sou rces o f  B carotene*
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namely, fresh  and dried  fenugreek and drumstick lea ves  

and standard p caroten e along with the balwadi supplements

are given in Table VI along with the s t a t i s t i c a l
I

a n a ly s is  and f i g u r e  I* The in d iv id u a l values are given 

in  the Annexurs E.

I

/

j
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□  Fin a l  serum vitamin A l e v e l

Supplemented with

A. Fresh fenugreek leaves

B. Fresh drumstick leaves

C. Dried fenugreek leaves

D. Dried drumstick leaves

E. Standard p carotene 

F* Control

Scale:  1 cm * 2ug o f  vitamin A/
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GROUP 
FIG I

MEAN SERUM VITAMIN A LEVELS OF THE SELECTED 
CHILDREN BEFORE AND AFTER SUPPLEMENTATION.
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The main i n i t i a l  le v e ls  o f  serum vitam in A in a l l  

the se lected  ch ild ren  wars below 14 pg/100 ml* when 

in terp re ted  with the recommendations o f  WHO (1976) a l l  

the ch ild ren  se le c te d  fo r  the in v e s t ig a t io n  could be 

regarded ae having the low body p oo l o f  vitam in A*

I t  was a lso  observed that the c o n tr o l  ch ild ren  in 

group F had the low est i n i t i a l  serum vitam in a le v e ls *

I t  could be re la te d  that these ch ild ren  did not p a r t ic ip a te  

in  the balwadi feed in g  programme which supplemented 

1 1 .u4 g p rote in  and 305 c a lo r ie s  per day. The low 

p ro te in  intake might be the c^uae fo r  .ha lower i n i t i a l  

serum vitam in A le v e ls  as Murth (1976) have

observed a p o s it iv e  c o r re la t io n  e x is t in g  between the prote in  

intake and the serum vitam in A le v e l*

Su plem enting 1200 jug o f  p caroten e fo r  a period o f  

two and a h a lf  months had increased  the serum vitam in A 

le v e ls  in  a l l  the f iv e  experim ental gr ups* The 

increm ents ranged from 7*4 pg in Group C supplemented 

w ith dried  fenugreek leaves to  8*63 pg in  Group E 

supplemented with standard p ca ro ten e . The increm ents 

observed in  a l l  the f iv e ' supplemented groups were 

s ig n i f ic a n t ly  higher than the i n i t i a l  values at f iv e  per cent

F f e
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l e v e l .  This in d ica te s  that in  these ch ild re n , B carotene
I

was not only obs rbed adequately but a l s o 1 converted to 

vitam in A and u t i l iz e d  w e ll .  A s im ila r  observation  

. has been reported by P ereira  and Begum (1968) who found 

an increase  in the serum vitam in A le v e ls  in  ch ild ren  

a f t e r  feeding green le a fy  vegeta b les  fo r  three months.

Lala and Reddy (1969 and 1970) obtained th is  e f f e c t  

in  as short a period  as f i fte e n d a y e .
i

The ch ild ren  in the c o n tro l  Group F, however 

re g is te re d  a s l ig h t ly  low  r value when compared with

the i n i t i a l  value ( —1.51 pg/lQ Qm l). But th is  decrease
1

was not s t a t i s t i c a l ly  s ig n i f ic a n t .

When the mean d iffe re n ce  'in the serum vitam in A 

le v e ls  obtained fo r  d i f fe r e n t  groups were compared 

emonget themselves i t  was observed that a l l  the ch ild ren  

in  the experim ental groups had re g is te re d  a s t a t i s t i c a l l y  

e i  n i f ic a n t  in crea se  ovar the ch ild ren  o f  the c o n tro l  

, group who were not given any supplement. The Children 

in  Group A and C who were fed with fresh  and dried  

fenugreek leaves re g is te re d  7 .56 and 7 .40 pg o f  vitam in A/

100 ml serum r e s p e c t iv e ly . Whereas the ch ild ren  in  Groups B 

and D who were fed with fresh  and dried drumstick lea v es  

r e g is te re d  a s l ig h t ly  higher va lu e, namely 8.14 and 

8 .17 pg/100 ml r e s p e c t iv e ly .  The r e s u lts  o f  the study 

by Murthy at a l (1976) a lso  showed an in crea se  o f

i



so

8 .7  (iig/IOOml in  ,a period  o f  three months a ft e r  feed in g
«

1200 pg o f  B carotene per day from d if fe r e n t  so u rce s .

The e t a t i e t i c a l  comparison between the f ie e  experim ental 

groups did not ts v e a l any a p p recia b le  d i f fe r e n c e .

c o r r e la t io n  between the in take o f  p carotene and..the
serum vitamin A le v e ls i

A p o s it iv e  c o r r e la t io n  was observed between the 

intake o f  carotene and serum vitam in A l e v e ls f When 

the i n i t i a l  and the f in a l  data obtained fo r  a l l  the 

s ix  groups o f  ch ild ren  were compared. The co r  e la t io n  

fo r  the t o t a l  group was found to  be +

- I - .
D. Absorption o f  p carotene from d iffe ren t sup leraentai

The mein in tak e o f  p ca ro ten e , the q u a n tit ie s  

excroted  through fa eces  and the percentage re ten tion  o f  

B carotene from the f i e e  d if fe r e n t  sources o f  supplements 

are presented in  Table VII with the d e t a i ls  o f  th 

in d iv id u a l values in  the Annexurs F*
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A ll the ch ild ren  in  the f iv e  experim ental groups were 

consuming more then the recom.ended allow ance o f  p carotene* 

The ch ild ren  in  the c o n tro l  Group F were consuming the

lowest quantity o f  p carotene namely 90 jig /idayiand th e ir
}

mean d a ily  e x cre tio n  was a lso  the low est being 48 pg.

The supplementation o f  1200 jug o f  p carotene resu lted  in 

an in crea se  in  i t s  f i s c a l  ex cre tion  in a l l  the f iv e  groups* 

The p carotene excreted  through fa e ce s  ranged from 

238 jug to  541 jig in  the sup; lamented groups*

In ch ild ren  in  Group E fed with the standard 

B carotene rece ived  the h ighest ra te  o f  absorption  being 

84.58 per cent* Hurthy ,&£ a l  (1976) have reported 

85*4 per cent absorption  o f  p caro ene from standard 

p carotene supplementation* -

The ch ild ren  in Groups A# B, C and D re g is te re d  

59,10» 60*99, 57.69 and 58.35 par cent p carotene 

ab sorption  re sp e c tiv e ly *  Though the ch ild ren  in  the 

c o n tro l  group had the very low intake and ex cre tion  the 

mean absorption  was found to  be 55*59 per ce n t .
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S im ilar values hays a ls o  bean observed by Reddy (1 9 7 0 ).

I t  was noted that the mean absorption  o f  B carotene 

observed in  ch ild ren  o f  Group £ was found to bigs 

s ig n i f ic a n t ly  grea ter than that o f  a l l  the other groups 

at one per cent le v e l  and at the same time the c o n tro l  

group ch ild ren  revea led  a s ig n i f ic a n t ly  lower value when 

compared with that o f  groups Af B, 0 and E. The mean 

absorption  obtained fo r  Group A was s ig n i f ic a n t ly  grea ter ' 

than that o f  Groups C (P< 0*05) and D (P<0.01) and 

s ig n i f ic a n t ly  low er than that o f  Group B (P<0.05)*

The ch ild ren  in  Group B recorded a s ig n i f ic a n t ly  

g rea ter  in crea se  in B carotene absorption  than that o f  

Groups C and D.q-kJ p at one per cent l e v e l .  '

;

£ . Improvement; in

The i n i t i a l  and the f in a l  c l i n i c a l  p ic tu re  o f  

the experim ental and c o n tro l  group ch ild ren  as evaluated 

by the physician  is  presented in  Table V III*

i
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When the study was started  many o f  the ch ild ren  were 

s u ffe r in g  fro *  anaemia, B complex d e f ic ie n c y  as w ell as 

mild forms o f  the vitam in A d e fic ie n cy #  The supplementation 

o f  B carotene reduced the symptoms in  a l l  the experim ental 

ch ildren#  The consumption o f  green le a fy  vegeta b les  a lso  

helped them to  be fr e e  from angular s to m a tit is  and b leed in g  

gums# However no change was observed in the case o f  

the ch ild ren  in  the c o n tr o l  Group F#

F# Changes, in  b lood  haemoglobin le v e ls t

The blood haemoglobin content o f  the fin g er  

p rick  samples o f  b lood  o f  the ch ldren  estim ated at the 

beginning and at the end :jf the study are presented in 

Table IX with the in d iv id u a l values in  Annexure G#

J.
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Judged by the WHO standards (Davidson e£ a l ,  1973) 

a l l  the se le cte d  ch ild ren  ware found to  be anaemic in  the 

beginning o f  the study but towards the end there was an
i

increm ent in  the blood  haemoglobin la v e la  in  a l l  the 

ch ild ren  re ce iv in g  the B carotene supplementation* The 

mean increm ents observed fo r  the f iv e  experim ental groups 

was 0*77* 0 .8 4 , 0 .8 5 , 0*90 and 0*78 g/IOOml re sp e c tiv e ly *

The r e s u lts  corrob ora te  with the fin d in g s  at the N otional 

In s t itu te  o f  N u trition  (1977) which has suggested an 

im portant r o le  o f  vitam in A in haem opoiesis* I t  has 

been reported  that the d a ily  supplements o f  vitam in A 

resu lted  in a s ig n i f ic a n t  increase  in  the le v e ls  o f  

haemoglobin from 9*3 to  9*9 g/100 ml in  ch ildren*
I

The ch ild ren  in  Group £ , though re g is te re d  the highest 

B carotene absorption  d id  not record the h ighest in crea se  

in  blood haemoglobin le v e ls *  This might be due to the 

fa c t  that the green le a fy  vegeta b les  not on ly supplied 

B carotene but a ls o  con sid era b le  q u a n tit ie s  o f  iron  and 

a s co rb ic  a c id , the wo important hsem opoietic agents*

I

When the mean changes in  the b lood  haemoglobin 

le v e ls  was compared between the groups none o f  the d if fe r e n c e s  

were s t a t i s t i c a l l y  s ig n i f ic a n t .
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Thus i t  cou ld  be concluded that the supplementation
i

o f  p carotene through the fresh  and d ried  forms o f  green 

le a fy  vegeta b les  or standard fJ carotene preparation  in 

the d ie t s  o f  p resch oo l ch ild ren  would improve the 

vitam in A n u tr it io n a l sta tu s o f  ch ild ren  w ithin a short 

period  o f two and a h a lf  months* Hence the le a fy  

v eg eta b les  could be uaed to reduce the menace o f  

vitam in A d e fic ie n c y  in the develop ing  cou n tri a*

i



V SUMMARY AND CONCLUSION

The present in v e s t ig a t io n  was aimed at in v es t ig a t in g
I

the b i o l o g i c a l  u t i l i z a t i o n  o f  B carotene from fresh and 

d i i s d  genugree: and drumstick leaves  on preschool  children* 

Seventy f i v e  preschool  ch i ldren  o f  the ge group four  to 

f i v e  years were s e le c te d  from a v i l l a g e  Vadamadurai in the 

Psrinaickanpalayam Block and divided in t o  f i v e  groups o f  

15 each based on th e i r  moan i n i t i a l  he ights ,  weights and 

so e io  economic l e v e l s *  The ta rge t  ch Idten were 

p a r t i c ip a t in g  e i th e r  in the balwadi fe  ding programme or 

the CARE feeding programme and rece ived  SOg* Balahar per 

day in the form o f  uppuma* The four  experimental groups, 

namely A, B, C and D rece ived  1200 ug o f  B carotene 

through fresh  fenugreek and drumfctick leaves  and dried 

fenugreek and drumstick leaves r e s p e c t i v e ly ,  in the form 

o f  a kootu* The ch i ld ren  in Croup E were supplied with 

the same quantity o f  standard B carotene in  the form o f  

a pharmaceutical preparation* Another group o f  15 

ch i ld ren  (Group F) not re ce iv in g  any supplementation served 

as a con tro l*  The feeding was ca rr ied  out for  a period

o f  two and a h a l f  months* Diet and nutrient intake o f  the
1

c h i ld r e n ,  changes in  serum vitamin A l e v e l s ,  absorption  o f
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B carotene ,  changes in  the c l i n i c a l  p ic tu re  o f  ch i ldren  

and th e ir  blood haemoglobin l e v e l s  served as the c r i t e r i a  

f o r  the evaluation  o f  tha study* The r e s u l t s  o f  the 

study revealed the f o l lo w in g !
f

1* Tha hone d i e t s  o f  e l l  the ch i ldren  supplied an 

adequate quantity  o f  c e r e s l s  but consumption o f
t

a l l  the other  f o  ds ware d e f i c i e n t *  As a 

resu l t  tha d i e t s  sere found to be d e f i c i e n t  in  

c a l o r i e s  with a c a l o r i e  gap o f  26*1 per cent* 

The d ie ta ry  intake o f  B carotene o f  a l l  the 

ch i ldren  wQs found to  be only 137 ug from th s ir  

home d i e t ,  as  aga in st (the  recommended allowance 

o f  750 ug per day*

2* The ch i ldren  with a lower d ie ta ry  intake o f  

B carotene and titamin A had a lower body pool  

o f  vitamin A i n i t i a l l y ,  r 3 f l e e te d  by l e s s  than 

14 ug o f  vitamin A/1QQml serum*

3* Supplementation o f  the d ie t s  with 1203 ug 

B carotene r  suited in an increase  in the 

concentration  o f  serum vitamin A l e v e l s

ir rm w e 6 t iv e  o f  the source o f  suppltment*■ i
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The increments ranged from 7*4 ug/100 ml in 

the group fed with dried fenugreek leaves  to  

8.63 ug/ 1 0 0  » 1  in the group fed with ths 

standard B carotene* In a l l  the groups except 

the c o n t r o l  group the f i n a l  serum vitamin A 

l e v e l s  were s i g n i f i c a n t l y  greater  than that o f

i n i t i a l  l e v e l s  at f i v e  per cent leve l*
*

4 * Though the children re ce iv in g  the standard

B carotene r g i s t e r e d  the highest increment in 

B carotene l e v e l s  the d i f f e r e n c e s  between Ihe 

groups were not s t a t i s t i c a l l y  s i g n i f i c a n t *  

However the chi ldren  in ths c o n t r o l  group 

recorded a s i g n i f i c a n t l y  lower serum vitamin A 

l e v e l  than that o f  a l l  the experimental groups 

at one per cent leve l*

5 .  The intake o f  B*carotene was found to be

p o s i t i v e l y  co rre la ted  with ths serum vitamin A 

l e v e l s *  The c o r r e la t io n  was + 0*83*

61
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6 * The ch i ldren  in  Group E fed with the standard 

B carotene reg is tered  it he highest rate o f  

absorption being 84.58 per cent which was 

s i g n i f i c a n t l y  greater than that o f  a l l  the
m

other groups at one per cent l e v e l .  '-/hersag

the c o n t ro l  group ch i ldren  reg is tered  a s i g n i f i c a n t l y  

lower absorption  o f  B carotene (55.59 per cent)  

than a l l  the other t e s t  groups except C.
j

The absorption  o f  B carotene fo r  the Groups 

A, B, C and D w e e  found to be 55 .10( 60 ,99 ,

57.69 and 58.35 per cent r e s p e c t iv e ly .

7 .  I n i t i a l l y ,  the vitamin A d e f i c i e n c y  symptoms 

such as night b l indness ,  c on ju n c t iv a l  x e r o s i s  

and b i t o t  spots  were observed in a l l  the ch i ldren  

along with the symptoms o f  anaemia and B comple x 

d e f i c i e n c y .  A fter  the supplementation o f  B 

carotene fo r  a period o f  two and h a l f  months 

improvement in the c l i n i c a l  p ic tu re  was noticed* 

in  e l l  the chi ldren  but no improvement or change 

was o b s r v e d  in the children, o f  the c o n t r o l  group.

8 . Ther* was an increment in (he mean blood haemoglobin 

l e v e l  in a l l  the ch i ldren  rece iv in g  the B carotene
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supplementation. The mean increments observed 

fo r  the Groups A, B, C, Df E and F were 0 .7 7 ,

0 .8 4 ,  0 .8 5 ,  0 .90 ,  0.70 and -0 .4 2  g/100 ml 

r e s p e c t iv e ly *  The d i f f e r e n c e  observed between 

the groups were not s t a t i s t i c a l l y  s i g n i f i c a n t .

I t  could be concluded that the supplementation o f

the d ie t  o f  preschool  ch i ldren  with green le a fy  vegetab les

or standard B carotene o f  a pharmaceutical preparation fo r

as short a period as two nd a h a l f  months could g rea t ly

improve the vitamin A n u t r i t i o n a l  s tatus  o f  c h i ld r e n .

When the qu a n t it ies  o f  B carotene were kept constant the

two sources o f  l e a f y  vegetab les  did not show any s i g n i f i c a n t

d i f f e r e n c e  in the u t i l i z a t i o n  o f  B carotene and nor was

any s i g n i f i c a n t  d i f f e r e n c e  obs rved between fresh  and dt ied
«

forms o f  le a fy  veg e ta b les .  Though the B carotene 

absorpt ion  re ts  was the highest in the children fed standard 

B caroten e ,  the ch i ld ren  rece iv in g  freen le a fy  vegetab les  

could obtain  add it ion a l  qu a n t i t ie s  o f  minerals and other 

vitamins which w^a r e f l e c t e d  in th e i r  blood p i c t u r e .  I t  

should be noted that the consumption o f  l e a fy  vegetables  

are le s s  expensive "hen compered with the pharmaceutical 

preparations* Hence the addition  o f  green le a fy  vegetab les
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should be .great ly  encouraged in a l l  tha feeding programmes. 

People should be educated to  inc lude  the l e a fy  vegetables  

in t h e i r  regular home d ie ts*  This i s  an easy workable 

so lu t ion  to  reduce the prevalence o f  n u t r i t i o n a l  blindness*

fu rth er  in v e s t ig a t io n s  should be carried* out 

along t h i s  l in e  t o  explore  the b i o l o g i c a l  u t i l i z a t i o n  o f  

a l l  the l o c a l l y  a v a i la b le  l e a fy  vegetables* Studies on 

the e f f e c t  o f  supplementing prote in  and vitamin £ at 

d i f f e r e n t  leyeJbi along with the B carotene  through l e a fy  

vegetab les  would throw more l i g h t  on the subject*

T
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ANNEXURE B

ESTIMATION OF SEiUJM VITAMIN A (RETINOL)

The ex trac t ion  procedure was done* followed the 

method o f  Neeld and Pearson (1963)*

Reagents •

( i )  A lco h o l i c  KOH 0.5%i 5.6 g. o f  potassium hydroxide wee

was d isso lved  in 1 0 0  ml o f  p u r i f i e d  a lcohol*
j.

( i i )  N Hesene ,

( i i i )  Chloroform

( i v )  Stock vitamin A solution* 344 mg o f  vitamin A acetate  

wee d isso lved  in chloroform and made upto 10 0ml* 1 ml o f  

stock contains  300mg o f  r e t in o l*

Intermedi a t e  Standards

1 . 0 . 1 ml o f stock diluted to 1 0 0 ml * 3ug/ml

2* 0 . 1 ml o f stock diluted to 50 ml * 6 ug/ml

3. 0.15ml o f stock d iluted to 50 ml % * 9 ug/ml

4* 0 . 1 ml o f stock diluted to 25 ml t 1 2ug/ml

working Standard

Each intermediate was again d i lu ted  in the r a t i o  

1 * 1  0 and from each standard f i n a l l y  1 *0ml was taken and 

2*0ml o f  chloroform waa adJed and read at 620 in Beckman 

Du Spectrophotometer* '
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Procedure

Tha serum (0 .5  ml o f  l a s s )  i s  sapon i f ied  with en. * t
equal volume o f .1 N e th a n o l ic  potassium hydroxide in a > 

water bath at §QaC fo r  20 minutas. The mixture was c o i l e d
f. y '

and v igorous ly  shaken in a g lass -stoppered  tubs with an 

equal volume (1ml) o f ,  N hexane fo r  10 minutes. The tube i s  

cen tr i fu ged  fo r  1 minute at lOQg to  separate the l a y e r s .

An a l iq u ot  (0 .8 ,  ml) o f  the N hexane la y e r  ia  p ipetted  o f f  

f o r  determination o f  r e t i n o l .  The N hexane i s  evaporated 

from t h i s  a l iqu ot  in  a water bath at 60»C in a stream o f  

oxygen - free  n it rogen .  The la s t  t r a c e s  o f  N-hoxame are 

removed by nitrogen blowing at room temperature. The 

res idue  i s  taken up in (0 .5  ml) chloroform* 1 drop o f  a c e t i c  

anhydride i s  added fo l lowed  by ( 0 . 1  ml) t r i f l u o a c e t i c  a c id .  

The mixture was shaken v igorou s ly  and the o p t i c a l  dens ity  

at 620 mu i s  determined exac t ly  30 seconds a f t e r  add it ion  o f  

the t r i f l u o r o a d e t i c  a c id .

: I[' ■ ■ r f
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ANNEXURE D

CALORIES, PROTEIN, IRON AND B CAROTENE 
INTAKE OF THE SELECTED CHILDREN

Group Energy 
( c a l )

Prote ins  
( g)

Iron(mg) B Caroten 
(ug)

A
1. 1098 19,60 12,64 129
2. 1288 23,14 14.29 141
3 . 997 23,00 10.64 146
4 « 1254 22,80 12.63 122
5. 1133 21,03 12.65 149

B
1. 1213 25.87 15.18 281
2 . 1110 22,89 11.96 97
3. 1207 24,61 10.41 72
4* 1420 24.50 15.43 704
5 . 1310 24,88 13.45 119

C
1. 1100 20,03 11,46 107 .
2 . 1212 23.78 13.64 59
3. 1020 27.69 12,50 67
4 . 1103 22.64 13.40 52
5 , 1200 21,86 11.50 84
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Group Enorgy 
’ ( c a l )

Proteins
(g )

Iron(mg) B Carot 
(ug)

'D
1. 1242 22*80 11.21 . 74
2. 1133 25.00 13.55 84
3. 1065 24.20 12.75 231
4 • 1281 17.20 11.86 52

i 5. 1399 16 .30

o•CD ' 58

£
1. 1260 21*62 10.35 111
2. 1465 24.88 11.92 98
3. 1163 23.74 12.39 504
4 • 1122 24.40 12.80 165
5. 1240 ‘ 23.06 11.69 66

r
i . 1230 16.90 10.35 85

i 2 . , 1125 17.20 11.93 90
3 . 1095 18.90 9.94 83
4 . 1105 19.10 10.76 97
5. 945 ■ 19.80 11.57 95

m m ** **

i



ANNEXURE E

SERUM VITAMIN A LEVELS OF THE SELECTED CHILDREN 
BEFORE AND AFTER SUPPLEMENTATION(ug/1OOml)

Group I n i t i a l Final D if fe ren ce

A
1 .

i

15.00 21.90 6.90
2 . 14.40 22.40 8.00

3. 18.00 24.10 6.10
4 . 7.50 15.55 8.05

S. 14.00 22.75 8.75

B
1. 11.25 20.25 9.00

2 . 18.00 25.80 7.80

3 . 13.75 22.00

inN.CO

4 « 15.75 22.50 6.75

5. 7.50 16.40 8.90

C
1. 15.00 23.70 8.70

2 . 18.00 25.80 7.80

3 . 11.30 19.20 7.90

4 . 15.00 21.75 6.75

5 . 8.13 14.00 5,87
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Group I n i t i a l F in a l O ifferanoe

1 .

t

15.00 23.90 8.90
2 . 18.00 24.70 6.70
3 . 11.30 20.30 9.00
4 . 15.00 22.45 7.45
5. 8.13 16.95 8.82

1 . 18.00 26.10 8.10
2 . 15.0 23.70 8.70
3 . 13.85 22.60 8.75
4 . 11.25 , 20.15 B.90
5. 15.00 , 23.70 „ 8.70

1. 7.50 ' 5.80 1.70
2 . 11.35 ‘ 9 .50 1 1.85
3 . 15.00 13.75 1.25
4 . 7.50 ‘ 6.25 1.25
5 . 11.30 ' 9.80 ‘ 1.50

t
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