
A V A IL A B IL IT Y  OF ^-CAROTENE PROM PAPAYA TO THE PRE SCHOOL 
CHILDREN OP LOW INCOME GROUP

Bp

RENUKADEVI, S .

A D isserta tion  Submitted to  the U n i v e r s i t y  o f  
Madras in  P a rtia l Fulfilm ent o f  the 

Requirements fo r  the Degree o f  
Master o f  S cien ce ,

A p r i l ,  1977*

i>O
i



The in v e s t ig a to r  expresses her h e a r tfe lt  thanks to  
Or, (Tfflt.) RAJVVMAL P. DEVADAS, M ,A .t M .S e ., Ph,D, (Ohio s ta te ) ,

the D irector  and P r in c ip a l  o f  S r i Avinashillngam Home Science

C o lle g e  f o r  Wooten, Co in bat ore fo r  her a ss is ta n ce , encouragement

and va lu ab le  guidance fo r  th e  study.

She wishes t o  re cord  her s in cere  gra titu de  t o  M iss,

V. ANURADHA, M .S e ,, Lecturer in  Poods and N u trition , S ri 

Avin&shi 1 ingam Home S cience C ollege  f o r  Women, Coimbatore 

fo r  her valuable guidance th r  oughofihgt he study.

She records her gra titu de t o  the Indian C ou n cil o f  

A gricu ltu ra l R esearch, New Delhi f o r  granting the Z.C ,A ,R ,

Jun ior F ellow ship, She extends her immense thanks to  the 

A g ricu ltu ra l U n iversity  o f  Coimbatore fo r  the continuous 

p ro v is io n  o f  Co, 1 v a r ie ty  papaya to  feed  the halwadi ch ild ren .

Sho fu rth er expresses her thanks t o  the Bloek Development 

O f f ic e r  o f  perlanalckenpalayaia B lock fo r  granting perm ission 

t o  conduct the study at Naickenpalayam ba lda d i,  Codibat ore ,

A sp ecia l word o f  thanks i s  extended to  the teacher and ch ild ren  

at the halwadi fo r  th e ir  e x ce lle n t  co -op era tion  and w illin gn ess 

shown throughout the study.

i i l X N O W L E D G E M E N T



LIST OF CONTENTS
CHAPTER PAGE

UST OP TABLES £

LIST OP FIGURES

LIST OP APPENDICES Tjl

X . INTRODUCTION 1

I I  REVIEW OP LITERATURE 5

A. Incidence o f  vitam in A d e fic ie n cy 5

B. Studies on serum vitam in A le v e ls 11

: Cf P rotein  d e flo len oy  and vitam in A 12

D. Massive doses as a preven tive  measure 13

E. Provitamin A 16

P. Absorption  o f  B -caroteno and b lo lo g lo a l  
a v a i la b i l i t y  T 17

G. Various fa o to rs  a f fe c t in g  the absorption  o f  
^ -caroten e 21

1 . D ietary fa t 21
41. Biblaxtdpa+teln 22

i l l . Antioxidants 23
i v . A n t ib io t ic s  ^ 23

Vitamin A 24
▼1 . R ib o fla v in 24

v i i . In fe c t io n 24
▼144. Climate and C ultural fa o to rs

•V
27

l x . Cooking 27
X. P rocessin g 28
H. Faecal ex ere tion  o f  p -earoten e 29

EXPERIMENTAL PROCEDURE 30
Phase X
A. S e le c t io n  o f  the S u b jects 31
B. C lin ica l  assessment o f  th e  se le cte d  su b jects 32
c. Determination o f  food and nutrien t Intake 32
D. C o lle c t io n  o f  faeces 33
E. Estim ation o f  fa eca l p -carotene 34
P. Estim ation o f  haemoglobin le v e ls 34



CHAPTER PAGE

Gr« Estim ation o f  serum p ro te in s  34
&• Estim ation o f  serum vitam in A 34

Phase XI 35

IV RESULTS AND DISCUSSION

Phase X

A. General background o f  ths se le c te d  ch ild ren  38

B. Body heights and weights o f  the se le c te d
ch ild ren  at the beginning o f  the study 39

C. C l in ic a l  assessment o f  the se lected  ch ild ren  40 A
D. Meal pattern  o f  the se leo ted  ch ild ren  and

th e ir  fa m ilie s  40 A

E. Pood and nutrient Intake o f  the se le cte d
oh lld ren  40 A

F. Excretion  o f  |J-Carotene through fa e ce s  47

G« HaetaoglSbln le v e ls  o f  the se leo ted  ch ild re n  48
&U Serum p ro te in  le v e ls  o f  the se lected

oh lld ren  50

X. Serum vitam in A le v e ls  in  the s e le c te d  ch lldrenB l

vitam in A
52

53

54

55 

55

55

59

J . Cm rrelatlon c o e f f i c ie n t  between 
and p rote in

K, Id e n t if ic a t io n  o f  B-caroteme from the sou rce-
. > papaya

I*. ‘ Comparison o f  B-Oarotene value o f  papaya with 
'  other stu d ies  1

1(• Feeding o f  the f r u i t ,  papaya 

N. Changes in  food  intake

9 ,  Percentage absorption  o f  B -carotene from
papaya 1

P« S ig n ifica n ce  o f  B -carotene absorption  from 
p ^ a ya  1



Q« Heights and weights o f  the se le cte d  ch ild ren
a ft e r  supplementation 59

H« Changes in  the c l in i c a l  p ic tu re  at the end o f
the study 51

S. Changes in  haemoglobin le v e ls  61

T . serum p rote in  le v e ls  in  the s e le c te d  ch ild ren
a ft e r  supplementation with papaya 63

U. Serins V it a m in  A le v e ls  o f  the s e le c td  ch ild ren
a ft e r  supplementation with papaya 64

V» C orre la tion  c o e f f i c ie n t  between vitam in A and
p rote in  65

W„ C orre la tion  between B -coroten e  intake and
serum vitam in A le v e ls  b e fo re  and a f t e r  
supplementation with papaya 67

V , SUMMARY AND COMBUSTION

LITERATURE CITED

CHAPTER . PAGE

APPENDICES



2

LIST OP TABLES

m-
X

XI

XIX

IV

V

VI

VIX

VIII

XX

X

XI

XII 

XXII

XIV

XV

X V I

XVII

XVIII

HEIGHTS AND /EIGHTS OP THE SELECTED CHILDREN AT 
THE BEGINNING OP THE STUDY

MEAN DAILY FOOD CONSUMPTION OP THE SELECTED CHIL­
DREN

MEAN ENEHGY, PROTEIN v IRON AND B-CAROTENE INTAKE 
OT THE SELECTED CHILDREN 1

PERCENTAGE ADSORPTION OP B-CAROTENE DURING BASAL 
PERIOD BY THE SELECTED CHILDREN

HAEMOGLOBIN LEVELS OP THE SELECTED CHILDREN

SERUM TOTAL PROTEINS I ALBUMINS AND GLOBULINS OF 
THE SELECTED CHILDREN

SERVM VITAMIN A LEVELS OP THE SELECTED CHILDREN

CORRELATION COEFFICIENT BETWEEN VITAMIN A *ND 
PROTEIN AT THE BEGINNING OP THE STUDY

ESTIMATION OP -̂CAROTENE PROM PAPAYA

B-CAROTENE CONTENT OP PAPAYA IN COMPARISON WITH 
OTHER STUDIES

PERCENTAGE ABSORPTION OF p-CAROTENE FROM P APAYA

SIGNIFICANCE OF p-CAROTENE ABSORTPION FROM PAPAYA

HEIGHTS AND EIGHTS OF THE SELECTED CHILDREN BEFORE 
AND AFTER SUPPLEMENTATION WITH PAPAYA

HAEMOGLOBIN LEVELS OF THE SELECTED CHILDREN BEFORE 
AND AFTER SUPPLEMENTATION WITH PAPAYA

PAGE

40

41 

44

47

49

50

51

52

53

54 

56

59

60 

62

SERUM PROTEIN LEVELS OF THE SELECTED CHILDREN BEFORE 
AND AFTER SUPPLEMENTATION WITH PAPAYA 63

SERUM VITAMIN A LEVELS 'EFORE AND AFTER SUPPLEMENT­
ATION WITH PAPAYA 64
dORRELATION COEFFICIENT BETWEEN VITAMIN A AND PRO­
TEIN AFTER SUPPLEMENTATION WITH PAPAYA 67

CORRELATION BETWEEN B-CAROTENE INTAKE AND SERUM 
VITAMIN A 68



LIST OP F I0 0 RES

i*

2#

4 ,

*♦

FIGURE PAGE

SUPPLEMENTATION OP PAPAYA TO THE 
SELECTED CHILDREN
jIBAN DAILY POOD CONSUMPTION OP THE SELECTED hcB 
CHILDREN

hL
MEAN ENERGY AND B-CAROfENE INTAKE OF THE 
SELECTED CHILDREN
PERCENTAGE ABSORPTION OP B-CAROTENE BEFORE AND ^  
AFTER SUPPLatENTATlON Him PAPAYA

&
INITIAL AND PINAL SERUM VIT \MIN A LEVELS 
OF THE SELECTED CHILDREN*



LIST OP APPENDICES

APPENDIX

i # CLINICAL ASSESSMENT

2* DETERMINATION OP PASCAL CAROTENE

3 . ESTIMATION OP HAEMOGLOBIN BY CYANMETHABJOGDOBIN 
METHOD

• • ESTIMATION OP SERUM TOTAL PROTEINS AND ALU BUM I NS 
BY Mol' JOD

-A

5 .  ESTIMATION OF SERUM VITAMIN A (RETINOL)

6 , ESTIMATION OF CAROTENE PROM PAPAYA

T, MEAN POOD INTAKE OP THE SELECTED TEN CHILDREN 

8 , MEAN NUTRIENT INTAKE OP THE SELECTED CHILDREN

PAGE

%

V

*1?

loo

lc2-

I



I .  INTRODUCTION

"Darkness Is  the tim e fo r  s le e p , not fo r  see in g "•

These words dep ict the need fo r  eyesight • The eye i s  a 

uniquely b e a u tifu l and complex organ* The readiness with 

which i t s  intim ate stru ctu re  and fu n ction s can be observed, 

se ts  i t  a s id e  from a l l  other organs, even th e  skin* Momentary 

r e f le c t io n  on the stru ctu re  o f  th is  organ leads one to  suspect 

that i t  might be unusually se n s it iv e  to  n u tr it io n a l in flu en ces  

and one oou ld  suppose that m alnutrition  and vitam in A 

d e fic ie n cy  do not occur in  the densely populated f e r t i l e  

parts o f  the country, as such green areas abound in  vitam in 

A precursors (B glru , 1971). In  man, and p a r t icu la r ly  in  

ch ild ren  vitam in A d e fic ie n cy  most commonly and prominently 

a f fe c t s  the eyes , both ex tern a lly  by d isru ptin g  the e p ith e lia  

o f  the cornea and con ju n ctiva  and in te rn a lly  by lowering 

the s e n lt iv ity  o f  the re t in a  t o  l ig h t .  U nfortunately , Vitamin A 

d e fic ie n cy  i s  not a rare  con d ition  in  the world even though 

s c ie n t i f i c  knowledge and tech n ica l s k i l l s  cou ld  now markedly 

reduce i t s  prevalence at a r e la t iv e ly  modest oost(W orld 

Health O rganisation  (WHO) U nited S tates Agency fo r  In tern ation a l 

Development, (USAID  ̂ 1976)*

Vitamin A d e fic ie n cy  i s  a devesting p u b lic  health  

problem in  In d ia , where m alnutrition  has taken i t s  severe
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fo r a . Venkataswamy (1972) eat in  ated one m illio n  oases o f  

b lindn ess in  India due to  m a ln u trition . Well nourished 

ch ild ren  h a r lly  ever d ie  from m easles, whereas malnourished 

oh ild ren  show a m orta lity  ra te  up to  40^ (Gupta and Singh, 1975),

The Incidence Is  p a r t icu la r ly  high among the preschool 

ch ild ren  o f  low income groups. I t  has been estim ated that 

more than 20,000 c h i1dr mi in  such East A s ia , the Middle 

East and t r o p ic a l  A fr ica  are  permanently b lin d  (WHO, 1974),

Vezy r e ce n t ly , Sauter (1976) has stated  that 25$ o f  popula­

t io n  were actailtted fo r  variou s forms o f  m a ln u trition . Among 

them, 72$ were between 1| t o  3 years o ld  the fa c t  which 

h igh ligh ts  the s u s c e p t ib il ity  o f  preschool oh ild ren  t o  v :irious 

d e fic ie n cy  d iso rd ers .

Causes o f  a general nature fo r  th is  wldapread vitamin A 

d e fic ie n cy  are p ov erty , ignorance, poor liv in g  con d ition s  

and la rge  fam ily s iz e  (Kanawat i  1973 and Mori ay, 1973),

The poor people in  many parts o f  the country have t o  su bsist 

on d ie ts  provid ing not such o f  animal foods and have to  

derive  th e ir  vitam in A from caroten e present in  plant food s . 

Foods contain ing preformed v it  min A are expensive and beyond 

the reach p oor . Carotene derived  from the p lan t foods 

th e re fo re  needs to  be the c h ie f  source o f  vitam in A in  the 

d ie t  o f  many population  groups in  Ind ia  (keo et ajt, 1970).



Of the various caroten oid s present in  fo o d s , p 

Carotene i s  the most important both q u a n tita tiv e ly  and (juftli* 

ta t iv e ly  due to  i t s  presence in  common fr u i t s  and vegetables 

and i t s  b io lo g ic a l  potency (Dan and Sondergaard, 1964)*

I t  i s  c le a r  that the m ajority  o f  the ch ild ren  in many develop* 

ing cou n tr ies  mainly have to  r e ly  on yellow  or orange co lou red  

fr u it s  and dark green le a fy  vegetab les  fo r  an adequate intake 

o f  vitam in A precursors (WHO* 1974)* S rik an tla  and 

V inodini Reddy (1970) have reportdd  that the most ra tion a l 

method fo r  the con tro l and prevention  o f  vitam in A d e f i -  

c len cy  i s  the improvement o f  children* s d ie ts  through in­

c lu s io n  o f  ye llow  coloured  f r u i t s  and green le a fy  gvegetables.\ /
V

A se r ie s  o f  in v estig a tion s  have been undertaken on 

the a v a ila b i l i t y  o f  p-Carotene in  d if fe r e n t  v eg eta b les .

But stu d ies  on com parative u t i l i s a t io n  o f  p-Carotene by 

ch ild ren  and adu lts from fr u it s  are few . Certain  t r o p ic a l  

f r u i t s ,  notably mangob and papayas (paw-paws) provide u se fu l 

amounts o f  Carotene whereas c it r u s  f r u i t s  ami n o n -tro p ica l 

f r u i t s  in  general oon ta ln  very l i t t l e  (WHO/USAID, 1976).

Among a l l  f r u i t s ,  on ly  very few f r u i t s  l ik e  papaya co n s t itu te  

the cheapest and most e a s ily  ava ilable source. While 30 

grams o f  le a fy  vegeta b le  provided 400 o f  p-Carotene and
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■at 1 s f  a o to r l ly  maintain the normal vitam in A status in  young 

ch ild ren  (Chandras ekoron et a l 1972 ), i t  Is  f e l t  that yellow  

or  orange colou red  papaya can a lso  supply large  amounts 

o f  ^-C arotene. Sauter (1976) has reported  that the more 

co lou red  a f r u it  the r ich e r  i t s  caroten e  con ten t, Wenkam
it

and M ille r  (1965) reported  that th is  f r u it  can be an ex­

c e l le n t  source o f  jg-carotene.

The P rotein  Advisory Groupv PAG (1973) opines that 

"even among n u t r it io n is t s ,  the importance o f  e d ib le  leaves 

and f r u i t s  in  human d ie ts  seem inadequately s tre sse d " , This
t

hi

i s  a oh allen ge we should take up. The present in v e s t i­

gation  i s  an attempt to(^m ise\the a v a ila b i l i t y  o f  provitam in A 

or jl-Carotene from papaya to  preschool ch ild re n , coming 

from low income group.



II . REVIEW OF LITERATURE

The review o f  l it e r a tu r e  o f  th is  present study has
t

been given under the fo llow in g  headings.

A. Incidence o f  vitam in A d e f ic ie n c y .

B. Studies on serum vitamin A le v e l s .

C. Protein  d e fic ie n c y  and vitam in A.

0 . Massive doses as a preventive measure^.

E. Provitamin A.i
F. B io lo g ica l a v a i la b i l i t y  and absorption  o f  p -oa fo ten e .

0 .  Various fa c to r s  a ffe c t in g  the absorption  o f  
p-Carotene.

H. Faecal ex cre tion  o f  p -oaroten e .

A, In cid en ce  o f  Vitamin A d e fic ie n cy !

Among the n u tr it io n a l d e fic ie n cy  d isorders a f fe c t in g

the ch ild re n  in  Ind ia  and other SoutheEast Asian co u n tr ie s , 

p rote  in -c a lo r ie  m alnutrition  and vitam in A d e fic ie n cy  d is­

orders are the most widespread. Vitamin A d e fic ie n cy  accounts 

f o r  nearly  25'* o f  a l l  oases o f  c l in i c a l  m alnutrition  in
i

p e d ia tr ic  &»e group. Maximum in ciden ce  i s  found between 

3 and S yea rs . (Venkatachalam at a l ,  i9 6 0 ).

Pathwardhan (1969) has reported  that 8 . l £  o f  the 

ch ild ren  below 6 year1 o f  age in  East Jeruselaa and Amman



had c l i n i c a l  m anifestations o f  vitam in A d e fic ie n c y . In  

a study around the c i t y  o f  Hyderabad, the prevalence o f  

vitamin A d e fic ie n cy  showed an increase w lthqge, Diet 

surveys undertaken on a sub-sample showed that the Intake 

o f  vitam in A was only shout 00/^as against a requirement 

o f  2 5 0 - 3 0 0 /da y  and hence the d e fic ie n cy  (Swaminath&n

et a l ,  1970),
I

Reports o f  the Indian M in istry  o f  Health based on
c

recent surveys in d le te  that in  the poor section  o f  the 

p op u lation , the prevalence o f  vitam in A d e fic ie n cy  i s  about 

3-8% in  preseehool ch ild ren  and 10-15% in school ch ild ren  

and th ere  are lower estim ates o f  at lea st 15 m illio n  b lin d  

p eop le  in  the w orld  o f  to-day  (WHO/USAID, 1976)

Night B lindnesst

D if f i c u lt y  in  seeing  in  dim l ig h t  i s  the f i r s t  c l l n l e l  

sym ptom  o f  vitam in A d e fic ie n cy  in man^ (Dowling and Wald, 

1958)* Recent data from upper V olta  show that there i s  

con sid era b le  seasonal n ight blindness (R a ou lt, 1975)

B ito t SPQtsi

B itot spots o fte n  have a mire or  le s s  tra in gu lar shape 

th e ir  base ly in g  p a r a lle l  t o  the limbus and a fte r  a long 

tim e, lo c a l  m etaplasia o f  epithelium  may become ir r e v e r s ib le



7

(Boyd, 1974 a» c i t e d  toy Sauter 1976). In  1974, examination 

o f  about 5000 presch ool ch ild re n  In re fu ses  camps in Gasa 

and Jordon revea led  none with advanced eye le s io n s  and 

f iv e  with b i t o t  spots (S au ter, 1976) The prevalence Survey 

Cove r in g  19,508 ch ildren  in  El Salvador d id  not revea l any 

o a s e s /a c t lv e  corn ea l involvem ent, but f iv e  ch ild ren  with 

b ito t  spots, three with corneal le s io n s  thought 0to  have been 

due to  vitam in A d e fic ien cy  (Sommer et a l ,  1975)* In  1974, 

the ypeyes o f  90 ch ild ren  o f  OriO years o ld  were examined 

in  th e  In fe c t io u s  Disease H is p itu l, Kenya, The r e s u lt  

showed that m a jority  o f  the ch ild ren  had pigm entation o f  

con ju n ctive  (S au ter, 1976). Ke reported that in  Central 

P rov in ce , among 580 pnesohool c h ild r e n ,2 ,6  percent were with 

b it o t  spots and among 2117 school age ch ild re n , 0 ,9  per­

cent were with b i t o t  sp orts ,
V.h
\

Xerophthalmia i

The amazing fa c t  remains that i t  i s  in  the green areas 

o f  the w orld , p arts  o f  In d ia , Bangladesh, Indonesia and 

P h ll l lp in e s  that xerophthalmia appears as the rea l scourage 

( p l r l e ,  1970), xerophthalmia means d isease o f  the dry eye,, 

A l l  e p ith e l ia l  c e l l s  which l in e  the su rfa ce  and c a v it ie s  o f  

the body and most l llce ly  many o f  the other c e l l s  as w e ll ,  

are a ffe c te d  (Boyd, 1973 ), In  th e  S ,0 ,S . C h ild ren 's  

v i l la g e  in  N a iro b i^ e a lth y  ch ild ren  were examined. Nine
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o f  then f i f t y  showed any sign s or symptons o f  Xerophthalmia.

The Tear—film  Breaking up Time (BUT) fo r  the above mentioned 

ch ild ren  was measured and i t  was more than 10 seconds with 

ten conseouft iv e  measurings per c h i ld , (sa u te r , 1078) BUT 

as c it e d  hy sauter (1976) i s  d ifineB  by Lamp et a l (1973) 

and Bohlman (1972) he the in terv a l between a com plete b lin k  

and the appearance o f  the f i r s t  randomly d is tr ib u ted  dry 

e p o ft .  I t  should be measured ten con secu tive  tim es and 

averages between 25 and 30 seoonds in  normal eyes w ith a
L

wide flu ctu a tion *  The BUT should be longer than ten 

seconds with ten con secu tiv e  measurings (Lemp, 1973)*

In  1974, in  Kenyan N ational H osp ita l, 180 ch ild ren  o f  O-iO 

year o ld  had b it o t  spots  and Aerophthalmia. A va ilab le

data suggest that about 25*4 o f  the su rv ivors o f  severe 

xerophthalmia remain t o t a l ly  b lin d , about 50-60% ore  

p a r t ia l ly  b lin d  and on ly  15-35% escape with unimpaired 

sigh t (WHO/uSAID, 1976)* Xerophthalmia ex is tin g  in  Th H and 

i s  not a problem o f  major pub lic health  importance, whereas 

i t  has v ir tu a lly  disappeared from Hong Kong and Singapore, 

xerophthalmia i s  not lim i+ed to  poor r i c e  consuming communities, 

but occu rs ba lso  among people who have white mai^e fo r  th e ir  

stapb le  food  (Toureau, 1976)*



Tho presumed Xerophthalmia eases in  M&tta H ospital *

from 1973 t o  1974 given below dep ict the in cid en ce o f

vitam in A d e f ic ie n c y .

Age d is tr ib u tio n Number o f ch ild ren Percentage

6-12 months 17 32

1-3  years 21 40

4-7  years 11 21

8-13 years 4 •
7

Corneal U lceration*

I t  i s  l ik e ly  that rap id  progress ion  o f  the s to m a l 

n lo e ra t io n  i s  due t o  the re lea se  o f  p r o t e ly t ic  enoymes from 

the altered e p ith e lia l  c e l l s  ( Dohlaan, 1972). T yp ica l o f  

o on ju n ttiv a l xerosis, owing to  vitam in A d e fic ie n cy  are*

The s tr ik in g  decrease o f  mucus producing con ju n ctiv a l gob le t 

c e l l s  and the k a ra tih isa tion  o f  the s u p e r f ic ia l  e p it h e l ia l  

lcy e re  (Dohlaan, 1972).

fe ra to v n a la c ja i

B lind  sohool Report (1970) from Trichy shows that 

o f  b lindness i s  due t o  keratom alacia and the b lin d  

people become a l i a b i l i t y  to  th e  n ation . A report from 

the Government Erskin H osp ita l, (1971) in  Madurai, in d ica tes  

that 1014 cases o f  keratom alacia were treated  in  1970. 

Ind iv idual rep orts  from Bangladesh re fe r  to  a massive p ro -
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blem o f  lerop lttb a ln la  and Keratom alacia In that country .
ii ^

Largo numbers o f  oases o f  Keratom alacia are reported  from 

Dacca and other Large urban cen tres  (WHG/BSAXD, 1976)

some a v a ila b le  recent data from famous h o sp ita ls  . 

o f  South In d ia  given below dep ict the inciden ce o f  karato- 

n a la e la  among the South Indian p eop le . '

Government H ospital Tear Tot**! number o f  
out p a tien ts

Cases o f  ' 
keratom alacia

Trivandrum, Kerala 1971 39277 8

Minot opthalmio 
H o sp ita l9 Bangalore 1971 117838 1521

Government Erskin 
H osp ita l, Tamil Nadu 1972 47512 142

S a ro jin i Devi H osp ita l 
Hyderabad, Andri pradeshl971 75258 204

Sauter (1976) has reported  that most o f  the ch ild ren  

with marasmus and Kwshiorkor have keratom alacia in  one or 

both ey es .
~~N

The biochem ical fin d in gs  b in  the yo«ttd ch ild re n  o f  

American migrant fa m ilies  evidenced the prevalence o f  vitam in A 

d e fic ien cy  (Larson et a l 9 1974). Lamb et a l (1975) suggested 

that a ltered  amino a c id  m etabolls» 9 depressed a p p e titli, in -

n
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creased n itrogen  excretion  and cessa tion  o f  growth are 

in te rre la te d  phenomena, c lo s e ly  associa ted  with the on­

set o f  vitam in A d e fic ie n cy .

B. stu d ies  on serum vitam in A le v e ls  t

Zn Indonesia , preschool ch ild ren  whose habitual d ie ts  

contained  adequate amounts o f  B C arotene, but low le v e ls  o f  

fa t  had low le v e ls  o f  vitam in A in  serum (R oels et a l f 1974). 

P ere ira  and Begum (1969) found th at i f  ch ild ren  were given 

30 grass o f  grean le a fy  vegetables d a ily  fo r  three months, 

adequate le v e ls  o f  serum r e t in o l  were maintained fo r  fu rther 

s ix  months when the supplement o f  vegetab les was withdrawn.

The re s u lts  o f  a supplementation study by Lala and Reddy 

(1974) showed a e ig n lfic sh t*  iiu ireasc ih  serum vitam in A le v e ls  

a f t e r  feed ing green le a fy  vegetab les  fo r  two weeks. Amen 

and Lachance (1974) reported  that vitam in A s ig n i f ic a n t ly  

depressed both serum and l iv e r  c h o le s te r o l  Mid B-Carotene 

acted  d ir e c t ly  4r  in d ir e c t ly  to  reduce the amount o f  t o t a l  

c h o le e te r t l  in  the serum.

The Mexican Amerioan in  Texas had lower vitam in A 

le v e ls  than th ose  in  New York C ity , Children in  th e  South 

and West o f  United States had co n s is te n tly  lower plasma 

retlC n ol le v e ls  than th ose  in  the north  cen tra l reg ion s  o f  

the 0?S . In  C ebu i.iT * o f  ch ild ren  had le v e ls  below 20 *)/  f
if

100 ml o f  scrum vitam in A and 57# had le v e ls  below 2 0 /^ / 100 ml. 

(S olon  et a l ,  1975). A study by Dleleman (1975) shows that 

slno d e fic ie n cy  low ers th e  serum vitam in  A although l iv e r



vitam in A was not d i f io ie n t  In r a ts .  pharadon at a i (1969) 

found f iv e  per cent o f  the ch ild ren  o f  Jordan below 5 years 

o f  age with d e fic ie n t  le v e ls  o f  serum r e t in o l .  A recent 

study in  Kenya, by Sauter (19T6) re p o rts  that the serum 

r e t in o l  •valhes^lnvitwelvd’ iiea lthy  Dutch ch ild ren  between 2 

and 5 years o ld  aro 3V.2  to  57 . 6 > j  /• and the serum p -  

caroten e le v e ls  o f  fou rteen  healthy Dutch ch ild ren  range 

between 43 .9  to  1 3 2 / f / . - .

C. P rotein  d e fic le n y  and V itahln  At

Among n u tr it io n a l d isord ers  a f fe c t in g  in ten ts  and 

ch ild re n , vitam in A d e fic ie n cy  ooaes second in  importance 

t o  p rote in  o a lo r le  m a ln u trition . Very o fte n  these two 

occur togeth er  with s e r i-u s  consequences. The question 

o f  re la tio n sh ip  between p r o te in -c a lo r ie  m aln u trition  and 

vitam in A d e fic ie n cy  has a ttra c te d  a tten tion  in  recent y e a rs . 

I t  has been suggested by Arroyave et a l  (1961) that absor­

ption  o f  Vitamin A from the gut i s  impaired in  ch ildren  

su ffe r in g  from kwashiorker. However Reddy and Srikantia  

( 1966) found that there was a marked increase  in  serum 

Vitamin A fo llo w in g  o ra l a d s ln is tra tion  o f  vitam in A even 

in  severe oases o f  kwashiorkor, provided some fa t  was a lso  

given sisadlataneouely. In  a study conducted in  ch ild ren  hy
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V lnodin l Reddy (1 9 7 6 ), the absorption  o f  vitam in A has been 

found t o  be normal, whereas In p r o te in -c a lo r ie  m a ln u trition , 

the absorption  was on ly 90%,

I t  has been found out that r e t in o l  bu ild in g  p ro te in s  

are very low in kwashiorkor ch ild ren , but normal in marasaic 

ch ild ren  (Smith et a l ,  1973), Feeding o f  50,0001,13 o f  

vitam in A d a ily  fo r  fou r days s ig n if ic a n t ly  increased the 

l iv e r  microsomal p rote in  in  ra ts  (Ram and M isra, 1974),

In  In don esia , 75 per cent o f  cases o f  p ro te in  c a lo r ie  

m alnutrition  were found to  s u ffe r  a lso  from xerophthalm ia, 

whereas such a s s o c ia t io n  was ra re ly  seen in  Uganda (Food 

and A gricu ltu ra l O rganisation/W orld Health O rganisation , 

FAO/WHO, 1967), In  Latlon A aerioa and Caribbean, 1 -6  per­

cent o f  malnourished in fants and ch ild ren  have oscu la r  , 

signs o f  vitam in A d e fic ie n cy  (Ooaen, 1967),

In  In d ia , Venkataohalam and Gopalan (i9 6 0 ) reported  

that 36 percent o f  kwashiorkor cases in  Coonoor IndHyderabad 

in  the s ta te  o f  Andra Pradesh had a ssoc ia ted  xerophthalm ia,

D, M assive does as a preventive measure!

S ince vitam in A can be stored  in  th e  body fo r  long 

p e r io d s , one p o ss ib le  approach is  to administer a massive dose



o f  vitam in A so as t o  form a depot which can ibe used a s  and 

when needed fo r  prolonged p e r io d s . The TOO expert Committee 

on xerophthalm ia in  1972, endorsed th is  method among pre­

school ch ild ren  in the r io e  eating  cou n tr ies  o f  A s ia , where 

xerophthalmia i s  endemic.

In  a study toy S rik ontia  (1 9 7 0 ), i t  was found out that 

g iv in g  o i l  so lu b le  vitam in ̂ A preparation  to  p reseh ool ch ild ren  

showed no increased  vitam in A le v e ls  in  serum and water so lu b le  

vitam in A preparation  produced higher le v e ls  o f  vitam in A 

by o ra l and parenteral rou te . Whereas, in  case  o f  severe

g e s 'r o -e n t e r l t i s  and stom a titis  o f  fourteen  Kenyan ch ild ren ,
i.u

an lnstram useular in je c t io n  o f  1 ,00 ,000  in vitam in A in o i l  

g iven  in  the touttook proved a quick prompt response in  them 

(Oomen, 1972). This preparation i s  t o  be prepared  bee;ruse 

o f  quicker and b e tte r  re lea se  f,om  the deport in  th e  g lu tea l 

muscles r e su lt in g  in  a higher b lood  le v e l (lislaren  e t a l ,  1972). 

But Baurenfelnd et a l (1974) has reported  that o i l  so lu tion s  

o f  vitamin A should never be in je c te d  intram uscularly because 

the vitam in i s  l ib e ra te d  extrem ely slow ly  i f  a l  a l l ,  from 

the in je c t io n  s i t e .  For p r a c t ic a l  con s id era tion , Gopalan 

(1970) recommends two annual o ra l doses o f  2 ,00 ,000  IV o f  

vitam in A each at in te rv a ls  o f  s ix  mbnths. One lakh XV
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under th 6 age o f  on© year * 2 *00*000 I'll between on© and ©lx 

years and 3 ,00 ,000  IV over s ix  years p ro te c ts  th e  aus- 

p e o t lb le f  nalnourished vitam in A d e fic ie n t  ch ild ren  fo r  about 

s ix  months (O lson , 1972)* The adm inistration  o f  a simple 

massive dose o f  3 , 00,000 *0 t o  preschool ch ild ren  mould 

maintain high le v e ls  o f  vitam in A fo r  a p er io d  o f  6 months 

and s a t is fa c to r y  le v e ls  beyond 6 months (S rik a n tia  et a l ,  1974), 

The use o f  3 ,0 0 ,00 0  XV o f  and o i l  so lu b le  preparation  o f  

vitam in A* adm inistered onoe a year* has in  fa c t  been reported  

t o  bring down su b sta n tia lly  the incidence o f  vitam in A d e f i ­

c ien cy  in  ch ild ren  between the ages o f  one and f iv e  years 

(Swaminathan et a l  1970)* In  Bangladesh and Indonesia , in

1973, Capsules contain ing 2 ,00 ,000  IV o f  vitam in A adm inistered
»

by mdmth showed lowered prevalence rates*
'  r

As a p reven tive  measure in  Indonesia* ophthalm ogists 

and p e d ia tr ic ia n s  adm inister 1 ,00 ,000  XV o f  vitam in A to  a l l  

p resch oo l ch ild ren  (S auter, 1976)* A s in g le  o ra l dose o f  

1 ,00 ,000  XV o f  vitam in A was adm inistered by Susheela (1969) 

t o  ch ild ren  between th e  ages o f  two and s ix  years and elevated  

h lood  serum vitam in A values were observed at fou r months 

a f t e r  dosing*

p e r lra  (1971) found that a s in g le  dose o f  SO,000 XV

o f  vitam in A in  o i l  so lu t io n  given t o  p re -sch oo l ch ild re n  

was e f fe c t iv e  fo r  a le s s e r  period  o f  tim e.



B. Prwttanl» At

Slnoe many carotenoids hove no v ita n in  A a c t iv i t y ,  the 

t o t a l  amount o f  ^ sto ten o id a  present in  fo o d  do not in d ica te  

the vitam in A va lu e , xanthophylls are the nost commonly 

occurring  oaroten oid  pigments which have no vitam in A a c t i ­

v it y !  Although more than e igh ty  natu ra lly  occu rrin g  caroten ­

o id s  are known, on ly ten  have vitam in A a c t iv it y  (K arrer, 

1950), They a re ;

1 , ̂ C arotene

2 , p-Carotene

3 , T-Carotene

4 , X-Catotene

5 ,  Cryptoxanthin

6 , C itroxonthin

7 , Myoxanthln

3 . Aphanln

9 , Echinenone

10. Terulahodine

Of a l l  these^ ^ -caroten e  ie  the most commonly occu rrin g  

oaroten lod  having highest b io lo g ic a l  value as provitam in A,

The d ie ta ry  carotene w i l l  not be u t i l i s e d  as such by the 

body, but converted to  vitam in A and absorbed. So fa r  as 

provitam in A p -c  rotene i s  concerned, P\0/WH0, Expert group 

(1937) and Davidson & Passmore (1973) have assumed that o n e ^  

B-c roten e  has b io lo g ic a l  potency o f  only O ^ id f^ o f  r e t in o l .  

This i s  based on the th e y o re t ica l e f f ic ie n c y  o f  conversion
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«  l . a b so fp l' io n  o f
bo retinol which is 5 0  pGrceob '

p - c r o t o n e  fro® foods which i s  about 33 percent.

F. Absorption o f  p - W o t e n e  and b io lo g ic a l  a v a i la b i l i t y «

The t o t a l  vegeta b le  and f r u i t  consumption was found 

to  be o f  the order o f  44g among the ru ra l poor in  Madras, 

iOg, in  K erala , 60 g . in  a t r ib a l  area in  Gujarat and i0 0 -i5 0 g . 

in  urban Baroda* In  a l l  s ta tes  o f  e a s p o c ia lly  in

the lower income groups, the h ighest vitam in A values were 

found in West Bengal (*3 3 .4  ^j) and the lowest in Kerala 

( i6 0  >3) ,(NIN, 1970) •

Hegesw*ra Bao and Harasings Eao (1968) have found that 

the absorption  o f  t o t a l  carotenes from green le a fy  vegetab les  

and papaya was found to  be 50$ and 46$ re sp e c tiv e ly  ahd 

p -ca rten e  was found t o  be 76$ and 90$ r e s p e c t iv e ly . Rajiw 

lakshmi and Ramalcrishnan (1969) found that 30g, o f  Jreen 

le a fy  vegetables a day c lea red  symptoms o f  vitamin A d e f i ­

c ien cy  in  two th ird  o f  school ch ild re n . A s t u ^  *y Narasinga 

Rao and Hagerwara Rao (1970) has proved that p -caroten e from

papaya i s  absorbed much b e tte r  than that from w ither ca rro ts
•>

or  amaranth. The le s s  f ib r e  content o f  papaya may be the 

b a i ls  o fo r  th is  re su lt . P rotein  Advisory Group (PAG) (1973) 

has reported  that the use o f  f r u it s  as a source o f  v itam ins 

in  young ch ild ren  feed in g  has been w ise ly  endorsed.
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Sauter (1976) has sta ted  th t  upto 1973, the ch ild ren  

fed  In the soup k itchen  o f  lierjrt which i s  run by National 

C h ristian  Counoil o f  Kenya (NCCK) had nd^kfepfelladhess and 

b ita t  spo r ts  « But a fte r  1973, when they were fed  th ick

soup o f  d r ied  green vegeta b les  every to th er  day and yellow  

or  orange b e e r ie s  r ich  in  Jb-carotsas, nobody had signs 

or  symptoms o f  xerophthalm ia. Lala and Reddy (1970) 

found out that healthy but undernourished ch ild ren  fed  40g 

aaaraaath a day contain ing 1.2mg o f  carotene absorbed, 70
in

per cent o f  i t  and th e ir  serum r e t in o l  rose  from 15 to  28 

per 100 ml in  two weeks.

Studies done by Sajalakshml and Nageswara Rao (1970) 

on human su b jects  have proved a f a i r ly  e f f ie ie n t  u t l is a t io n  

o f  carotene in le a fy  v eg eta b les . -

V inodln i Reddy (1977) proved that in  the group supplied  

with amaranth, the serum vitam in A le v e ls  ranged from 21.2 

to  3 1 .5 ^ /l0 0 m l. In  a study by Baroda U niversity  (1 9 7 6 ), 

the amounts o f  ^ -caroten e  consumed by the adu lts  from green 

le a fy  vegeta b les  was 31̂ 32 '  and the serum caroten e le v e l  

was 3 6^ / 100ml, and serum vitam in A was 1 5 /^  10 0ml. In

a symposium report by V inodin i Reddy (1977) in  NIN, i t  was 

quoted that u t i l is a t io n  o f  8 -ca roten e  i s  not so e f f i c i e n t  as
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vitam in A. The to ta l caroten e absorption  from green le a ty  

vegetab les was 75#  and the fa e ca l ex cre tion  o f  carotene was

higher*

Singh (19T7) reported  that lemon gra ss , th e  interme­

d ia te  which i s  used fo r  the manufacture o f  vitam in A i s  

very  r ic h  in  carotene#

Saroja  (1 9 6 8 ), Sangheetha (1970) and J a la ja  ( l9 7 i )  

proved b e tte r  u t i l i s a t io n  o f  p -carotene from radish to p s ,

Chaleravarthy Keerai and lla lava i Keerat • P atel (1972) 

in  h is  study, fotn d  r e la t iv e ly  higher vitam in A storage in  

groups o f  human beings fed  fenugreak le a v e s , radish to p s , 

oorriander le a v e s , ye llow  pumpkin and kankoda and very 

le s s  le v e ls  o f  l iv e r  vitam in A in  the su b ject given vitam in 

A a ce ta te . A sim ilar study done by ttu ta llk  (1972) suggests 

the grea ter av l i a b i l i t y  o f  p -carotene in  fenugreek leaves 

as compared to  pure vitam in p -caroten e in  i t .

Bhatt (1973) found 194, 327, 270, 145 and 121 

o f  vitamin A in  l iv e r  o f  the su b jects  fed  fenugreek lea ves ,

, mustard green s, p ortu la ce , k n ol-k h ol and mint leaves res­

p e c t iv e ly  f o r  the percentage o f  intakes 13 ,19 ,18 ,14  and 13

grams re s p e c t iv e ly .
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A study con due tod  by Iturthy and Goetha (1976) showed 

76 ,7  percentage u t i l i s a t io n  o f  p -earoten e from le a f  p rote in  

and the absorption  ranging w idely between 58.3  percent and 

90 percent* The s me study reported  that the mean u t i l i ­

za tion  o f  standard p -oarotene was 58 .4  percent which woo 

the highest u t i l i z a t io n  compared to  le a f  p rote in  and amaranth*

In  a study by Murthy et 1 (1976) ten dudents o f  

S ri A vinashilingua Home S cience C ollege  o f  the age group 

20-24. years were fed 100 grams o f  cooked ca rro ts  which pro­

v id e  1890/Ajof caroten e fo r  20 days* There was a g reater 

A t i l ls a t io n  and a s ig n if ic a n t  in crea se  o f  2 . 8/u3/m l in  

serum vitam in A, whereas there was an increase o f  8 .1 /^ /n l  

in  serum vitam in A a fte r  20 days o f  supplementation o f  

475/*)o f  r e t in o l .

S tore  e o f  p -ca roten e  in  the bodyt

Prom accident data fo r  young c h ild re n , the lowest 

postmortem vitamin A value in  the l iv e r  wae found 15/^/gram 

o f  fresh  l iv e r  (H olaren, 1966). In  another study* h epatic

stores  o f  vitamin A in  foe tu ses  born to  mothers o f  poor

Income groups ore con siderab ly  lower than sto res  in  foe tu ses  

bom  to  w elIncurished mothers (iyengar and Apta, 1972)*
<rrk

L iver le v e ls  o f  vitamin A tend to  be equ a lly  low in Icwashimter



tout normal In maras^ with ( Suit to ©t a l ,  1973). In  a racent 

study toy euthutvoravoot at a l  (1 9 7 4 ), normal l iv e r  nasarves 

o f  vitam in A war© found in  agroup o f  peop le  with plasma 

le v e ls  o f  10-20 / iOOnl•

C .  Various f e t o r s  a f f e c t i n g  the absorption  o f  ft-carotqnei

i .  P latorv  f a t i

(R oe ls  at a l ,  1963) reported  that in  Indon esia , pre­

school ch ild ren  whose habitual d ie ts  contained adequate 

amounts o f  B -oarotene, tout low amounts o f  f a t ,  had low le v e ls  

o f  vitamin A In serum and th is  was ra ised  toy mere supple­

ment o f  coconut o i l .

Studied c a r r ie d  oat la  fem ehlorkor Children showed 

that d ietary  fa t  f a c i l i t a t e s  th e  absorption  o f  M a o  ton e , 

(Animal Report o f  n u tr it io n  Researoh L aboratories , 1968), 

F urther, e a u ls if lo a t lo n  ln ore  sea th e  absorption  o f  on o ra l 

does o f  v lt a e ln .  A, hot dees not Increase i t s  M olog lR a l 

u t i l i s a t io n  (Anas e t  a l 1969). sanger et e l  (19T6) r e ­

p orted  that there was no re la tion  between e sse n tia l fa t ty  

a c id  uptake aid vitam in A le v e ls .

In  a study by Rejalakshmi ot a l  (1 9 7 8 ), the addition  

o f  upto 10 grans groundnut o i l  to  a basa l d ie t  composed o f
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wheat and beagal gram was not a ssocia ted  with ah Improved 

u t i l i s a t io n  o f  |B-carotene, The fa c t  needed fo r  e f f i c i e n t  

u t i l i s a t io n  o f  carotene appears to  be supplied  by the in t r in s ic  

fa t present in  wheat (1 -2 $ ) and bengal gram (8 . 6%)* I t  i s  

supported by the report o f  sr ik a n tia  (1975) that in  kw ashiorkor, 

the vitam in A absorption  was being poor in  the absence o f  

fa t V ln od in i aeddy (1979) has reported that d ietary  fa t  i s  

e ssen tia l fo r  b -caroten e absorption* %

i i .  D ietary proteln i

Esh et a l  ( 1982) reported  that Ingestion  o f  d iffe re n t  

p rote in s  d id  not a f fe c t  vitam in A dep letion  from l i v e r .  But 

another study by Esh et a l (1962) proved that l iv e r  vitam in 

A stores  are r e f le c te d  by the q u a lity  o f  p ro te in ,

M ortlon (1970) suggested that a b e tte r  q u a lity  e f  

d ie tary  p rote in  increased  l iv e r  and fcidney sfcor ge o f  vitam in 

A, Serum vitamin A was d ir e c t ly  p rop ortion a l t o  the q u a lity  

o f  d ie ta ry  p rotein  (Ganguly, 1970). In  the f e nae o f  caroten e , 

p ro te in  d e fic ie n cy  markedly depresses the in te s t in a l conver­

sion  o f  b-Carotene t0  r e t in o l  d e r iv a t iv e ! (Deshmukh end 

t oanduly, 1964), R oels  et a l  (1972) reported  that absorption  o f  

d ie ta ry  vihamin i s  impaired in  acute protein  m alnutrition?



Adikari et a l (1970) have reported  that the enzymic 

con version  o f  carotene to  r e t in o l  and subsequent e s t e r i f i ­

c a t io n , absorption  and storage need adequate p rote in  in  the 

d ie t .

i l l .  A nti ox idantsi

A ntioxidants l ik e  vitam in E present In the d ie ts  a ls o  

have an important e f fe c t  on the absorption  o f  jB-oarotene. 

Bennet et a l  (1965) deported that In je c t io n  o f  vitam in E 

with vitam in A in  f lb r o ly t lo  ch ild ren  increased  serum vitam in 

A valu e. The combination o f  vitam in A and E shortens the 

p eriod  o f  vitam in A d e fic ie n cy  treatment and can help in  

decreasing the use o f  over dose o f  v i t  min A alone (Banner,
ft

1965). On the c >ntYan*y, experiments with growing ch icks by 

Sondergaard (1972) demonstrated with both fa t  fr e e  polyun­

saturated f  itty  a c id  consuming d ie t s ,  that added vitam in E 

shows the d e c lin e  o f  hepatic depots o f  vitam in A. Kusln 

et a l (1974) reports  i t  Is  best to  include 10-40 IK o f  

vitamin E in  capsu les con ta in in g  2,00,000 IV o f  vitamin A 

fo r  massive d osin g , s in ce  I t  o o rre o ts  any t o c o p h e r o l  

d e fic ie n cy .

i v .  A n t ib io t ic s !

Bernard et a l (1952) has shown that absorption  o f  jB- 

oarotene was promoted on adm in istration  o f  streptom ycin .
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Seshan (1941) quoted that a few authors hare reported  

that auromycin s ig n i f ic a n t ly  increased  the d ep os it ion  o f  

vitam in A derived  from jB-carotene, but I t  d id  not show 

any e f fe c t  on preformed vitam in A.

v .  Vitamin A i

Oua et a l  (1966) has shown that high d ietary  le v e l  

o f  vitam in A In te rfe res  with the absorption  o f  caroten oid s 

from alim entary tr^ e t  * S ince vitam in A and carotenoids 

are s tru c tu ra lly  r e la te d , th is  would in d ica te  a com petition  

between the two fo r  absorption  from the alim entary t r a c t ,

v i # R ib o fla v ln t

In  the A fr ic a  in land M ission  Dispensary in  L oglogo,

twenty eye p a tien ts  were examined in  1974, No one had 

signs o f  xerophthalm ia, but had r ib o fla v in -v ita m in  C d ep letion . 

But two school boys whose night b lindness d id  not respond to  

adequate vitam in A therapy, recovered  a fte r  r ib o f la v in  

a d a in is ira tlo n  (Venkat&sw my, 1976)

v i i .  In fe c t io n !

The in te rre la tio n sh ip  between vitam in A d e fic ie n cy  and 

in fe c t io n  has lohg been known (Scrimshaw, 1966),
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Slvakunar and Reddy (1972) have proved that during 

in fe o t io n e v th e  ln testl& l absorption  o f  both p«carotene and 

vitamin A are se r iou s ly  in t e r f  erred with .Singh et a i  (1968) 

have found that nature round worns contained  as nuoh as 1 ,33 

IV o f  vitam in A In con tra st to  earthworms which had no vitam in 

A in  th e ir  b od ies , Suringa et a l (1970) have shown th xt 

the giant o e l l s  exereted from naso pharynx in  meajles pact len t s 

who have co n ju o tlv n l x e ro s is  contain  v iru s  p a r t ic le s .

The r o le  o f  in fe c t io n  i s  fu rth er proved in  th e  sta te­

ment that the g ian t c e l l  form ation in  the corn eal and con­

ju n c t iv a l epithllum  i s  in  accordance with the g iant c e l l  pro­

duction  in  the resp ira tory  and d ig e s t iv e  enact in  m easles 

p a tien ts  (S ch a lfo le  & F orbes, 1973), Measles o ften  plays , 

'ca ta ly s in g  e ffe c ts*  in  th e  development o f  b lindness caused 

by xerophthalmia ,(Bwiwo, 1970, Emlru, 1971, J e l l i f f e ,  1973 

and G ibbs, 1974).

Franken (1972) examined in  Kenya and Tanzania many eye

p atien ts  with corn ea l scars who blamed m etises as the c  >use

o f  th e ir  eye le s io n s . But Norn (1972) has reported  that

the extensive k era tln isa tion  and desquamation o f  the super—

f l c a l  layer con ju n ctiv a l epithelium  which occur in  conjun—
* t

o t iv a l  xero&ls owing to  vitamin A d e fic ien cy  do hot appear
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in  m easles ke rat o -o o n ju n c t iv it ie s  in  w ell-nourished  ch ild ren *
t , vS h h e lfle  et a l  (1972) reported  that In p rote in  and energy 

d e fic ie n cy  there i s  a c lo s e  a sso c ia tio n  o f  measles with 

xerophthalm ia. Sauter (1976) in  an in ten s iv e  study, examined 

45 w ell nourished and 234 malnourished ch ild ren  tged 0 -6  years 

and found that malnourished ch ild ren  had measles and k erto  

c o n ju n c t iv it is .  Balance stud ies in  using  carotene and 

la b e lle d  vitam in have c le a r ly  in d ica ted  that even in  in je c t io n  

not in vo lv in g  the gastro  in te re s t in a l t r a c t ,  the absorption  

o f  vitam in A and 0-Carotene i s  impaired (V inod in i Reddy, 1973).

I t  has been shown that leu cocy tes  obtained from children  su ffe r in g  

from kwashiorkor, not on ly have decreased phagocytic a c t i ­

v i t y ,  but a lso  decreased b a c te r ic id a l a c t iv i t y  (s e lv a r a j ,  1973)

Impaired absorption  o f  la b e lle d  vitam in A has recen tly  

been reported in  ch ild ren  with d iarrhoea, re p ira to ry  tract 

in fe c t io n  and a s o a r la s ls  (Sivakumar, 1975) D efectiv e  absor- 

t lo n  o f  vitam in A in  p r o te in -c a lo r ie  m alnutrition  i s  not 

due to  severe m aln u trition , but due to  in fe c t io n s*  On 

the con tra ry , earotene and vitam in A absorption was found 

to  he normal in  severe p r o t e in 'c a lo r ie  m alnutrition* A 

marasmie woman o f  29 with severe chicken-pox showed conjun- 

o t lv a l  and corn ea l x e ros is  in  th e  r ig h t eye and keratomala­

c ia  in  the l e f t  eye (Sauter, 1976).
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▼ lit* C lim atic and ou ltu ra l fa c t o r s !

Lysenko (1964) found that the p -carotene oontent o f  

the p lants were h ighest In spring and early  soon er, f e l l  

ra p id ly  In not summer and rose  again in an tram, A study

by Deosthale (1969) showed that the p~earotene oontent o f  

sorghun v a r ie t ie s  varied  con siderab ly  shen grown at d iffer-*  

ant lo ca tio n s  due to the fa c to rs  l ik e  s o c ia l  con d ition  and 

f e r t i l i s e r  treatm ent,

Ind ia  i s  at the bottom o f  ta b le  fo r  f r u it  consumption.

In  south In d ia , food  equals r i c e .  F ru its  l ik e  papaya are

considered  to  be harmful t o  ch ild ren  in  the sense i t  i s  a 

heat-producing substance, causing diarrhoea and other ailm ents 

(Mely and Tan, 19T0) *

WHO/USAID, (19T6) sta ted  few taboos among the common 

ignorant p e o p le , some o f  them are^meat eauses worms in  young 

oh ildren i eggs g poke young g i r l s  s t e r i l e ,  green leaves 

are fo r  the goat f when pregnant again , a mother must immediately 

stop breast feed in g ,

l x .  Cookings

I t  has been found out by Nageswara Boo (196T) that as 

much as 40 percent o f  the carotene o rg in a lly  present in  the
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In the food  wan lo s t  because o f  cooking* Sud (1973) showed 

changes in  a scorb ic  a c id  and carotene content o f  seome green 

le a fy  vegeta b les  on oooking* Spencer (1973) reported  that 

high tem peratures o f  fa t fry in g  may re s u lt  in  con siderab le  

lo s se s  o f  p -carotene from plant foods* Gupta (1974) reported  

that conversion  o f  b u tter  to  ghee resu lted  in  an average lo s s  

o f  26# in  vitam in A and heating o f  hydrogenated fa t  t o  200*C 

fo r  f lb e  and ten minutes resu lted  i n ,80-75$ lo s s  o f  vitam in A*

Another study by Gupta (1974) showed a lo s s  o f  12—30# 

o f  p -ca roten e  during the preparation o f  dough fo r  r o t t i  from 

wheatv b a jra , mai7e and Jower flo u rs  and a further lo s s  o f  

22—31# occured during baking* Whole legumes and da is  were 

found to  lo o s e  8- 20% o f  carotene during pressure cooking 

and 15—38# (hiring cooking by b o ilin g *  The corresponding 

fig u re s  fo r  vegetables by the some author were 9-16# 

and 18-18#. The oooking o f  sprouted legumes resu lted  in 

27-34# lo s s  o f  p -ca ro ten e .

While oooking seems to d estroy  a n e g llb le  amount o f  

B -earotenef i t  has been reported  recen tly  by Murthy et a l 

(1973) that cooked ca rro ts  in orease  the p -ca roten e  absorption  

and e leva te  the serum vitam in A le v e l  in  ch ild re n .

x* P rocessin g !

C entral fo o d  T echn olog ica l Research In s t itu te  C FT III (1970)
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has reported  that fresh  c a r r o ts  have a high p -caroten e content 

and that the lo s s  o f  carotene during processin g  Is  gradual.

The same in s t itu te  in  1970 has found out the e f fe c t  o f  

canning on the ^ -caroten e content o f  mango, papaya and Jack - 

fru it  a f t e r  storage period s o f  3 weeks, 12 months and 6 months 

r e sp e c tiv e ly  at 25-30®c .  The resu lt  showed no B-oarotene ,
r oM

lo s s  in  canned mangoes and 52$ and 64$ re ten tion  in  J a ck -fru ity  

This i s  o f  con siderab le  importance in view o f  the fa c t  that
Cl

p -o  irotene Is  very im sily  destroyed in other fo o d s tu ffs  v es­

p e c ia l ly  th ese  contain ing fa ts*  Sweeny and Marsh (iofrcf) 

reported that as much 20 per cent o f  the provitam in A a c t iv it y  

o f  green le a fy  vegetables and 35 per cent in  yellow  vege­

ta b les  may be lo s t  due t o  s t e r lo  isom erization  during oooklng*

H* Faecal excretion  o f  B^carotenei

Almandinger and Hinds (1969) found that when haylage 

hay was fed  to  c u t t l e ,  excretion  o f  jB-carotene and other oa ro - 

ten eolds were much greater than the apparent amounts contained 

in  the haylage and these apparent increase  were much probably 

due to  a re lea s in g  o f  residu al caroten oid s  not extracted* 

Faecal excretion s o f  caroteno fo r  ra ts  reco lv in g  c a r r o t is  

were much higher than fo r  those re ce iv in g  carotene In cotton

seed o i l  (Sweeny and Marshy 1969) Reddy (1977) in  a
v

Symposium has reported  that mo vitam in A i s  excreted  in  

faeces  o f  the human beings#



I l l  EXPERIMENTAL PROCEDURE

To estim ate the v l l a b i l i t y  o f  |B -ca ro ten e  from lo c a l ly  

a v a ila b le  papaya f r u i t ,  pro?-school ch ild ren  h a ilin g  from 

low income group were chosen as s u b je c ts . The ex istin g  carotene 

intake wns assessed and then the e f fe c t  o f  add ition  o f  papaya 

as a supplement on absorption  and a v a ila b i l i t y  was assessed .

The experiment was conducted in  two phases and the procedure 

fo r  hhls study included the fo llow in g  s te p s .

PHASE I

A. s e le c t io n  o f  the su b je c t* . 1

B. C l in ic a l  assessment o f  the se le cte d  s u b je c ts .

0 . Determination o f  food  and nutrient in ta k e .

D. C o lle c t io n  o f  a fa e ce s .

E. Estim ation o f  faeoa l p -oa roten e .

F. Estim ation o f  haemoglobin le v e ls .

G. Estim ation o f  serum p ro te in !, '

H. Estim ation o f  serum vitam in A.

PHASE 11

The jB-carotene content o f  papaya was determined and 

136 grams o f  papaya, y ie ld in g , 1 ,200 ol^|B-caroterie which i s  

the acquirement fo r  the p resch oo l ch ild ren  given by Indian 

Council o f  M edio-1 Research ICMR (1968) c i t e d  by Gopalan 

et a l (1976) was fed  t o  the se lected  ch ild r e n . The e f fe c t  

o f  th is  supplement on absorption  o f  p -ca roten e  was stu d ied .



Phase 1 1

A. S e le c t  ion  o f  the s u b je c ts !

N utrition  o f  the presch ool c h i ld  i s  o f  paramount im­

port mo e 9 s in ce  the foundation fo r  l i f e  time h e l t h ,  strength 

and in t e lle c tu a l  v i t a l i t y  i s  la id  during th is  p e r io d . Xn 

developing cou n tr ie s  hunger and m alnutrition  are widespread 

among the p resch ool ch ild ren . The incidence o f  vitam in A 

d e fic ien cy  i s  p a r t icu la r ly  high timing the preschool ch ild ren  

o f  low income groups (PABf 19T5 and Brown 1975) • Hence pre­

school ch ild ren  were chosen. Children attending a halwadi 

were chosen fo r  easy access and fo r  f a c i l i t y  in  incorporatin g  

the supplement la t e r .  Tea p re -sch oo l c h lld r e n -s ix  g ir l s  

and four hoys o f  fou r years age , attending the halwadi at 

Naiokenpalyam (s itu a te d  in Perianaickenpalayam B lock , 15km 

away from Coimbatore c i t y )  meie chosen . A socio-econom ic 

survey was done so th& t, ch ild ren  se lected  came from the 

same s tra ta  o f  s o c ie ty . The other c r i t e r ia  fo r  s e le c t io n  

were, normal he 1th , slm il r i t i e s  in  height and weight and 

co -op era tion  extended by the p aren ts . The h eigh ts o f  the 

ten  su b jects  were taken using a f ib r e  g lass measuring tape 

nearest to  0 .1  cm. Weights were taken using the human 

weighing balance nearest to  0 .05k g . Heights and weights 

were taken at the beginning o f  the study.
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B; C lin ic a l  assessment o f  the s e le c ted  su b jects !

J e l l i f f e  (1968) opines that the cheapness and r e la t iv e ly  

easy orga n isa tion  o f  n u tr it io n a l assessment by means o f  c l i n i ­

c a l  examination have M  to  th e  assumption that the method i s  

sim ple, qu ick ly  mastered by th e  beginners and y ie ld s  re s u lts  

that are easy to in te rp re t . A schedule w s formulated 

(g iven  in  Appendix X ) . C l in ic a l  assessment w-s done fo r  

the se le cte d  ten  su b jects  using th is  schedu le . In  the 

b lw a d i*  a dark adaptation  te s t  was conducted. The ch ild ren  

mere asked to  count the fin g e rs  o f  the in v e stig a to r  in  a 

sem i-dark room at a d istan ce  o f  one m eter(using  the technique 

o f  Santer 1976 ). A l l  the se le cted  ch ild ren  were able to  

count the fih g e rs  and none o f  them possessed  any inheranr d is ­

orders which might in te r fe r e  with the stu d*.

C . Determination o f  food  and nutrient jhtaket

Pood w igh ben t survey i s  a p o s it iv e  step toward bu ild in g  

b e tte r  eating h a b its  by fin d in g  out the needs. (Ramasastri 

and llurthy, 1973 ). Tasker et e l  (1967) opine that a three 

day weightment survey would be as e f f i c ie n t  as that o f  the 

seven day weightment, i f  the d ieta ry  v a r ia tio n  in  th e  day to  

day l i f e  i s  not la rg e  as in the case  o f  low so c io  economic

groups in  In d ia .
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Pood consumed toy th e  s e le c te d  su b jects  at home and In the 

balw&dy was assessed toy three day weighsent method during the 

end o f  the Phase X when th e  ch ild ren  were not given any 

carotene r ich  supplement* The t o t a l  raw food  ingredients 

were weighed b e fore  cook ing and the t o t a l  oooked food  was 

a lso  weighed. The su b je c ts  were allow ed t o  eat ad-1  lb  i t  urn 

and th e ir  food  Intake was recorded . During th is  p e r io d , 

the parents o f  the su b je c ts  were asked not to  g ive any 

vitam in or  vltaninm ineral supplement. The energy and nutrient 

Intake were ca lcu la ted  fo r  the raw eq u iva len ts , using the 

food  com position  ta b le s  o f  Gopalan et a l  (19 76 ).

D* C ollection  o f  faeces*

Faeces was c o l le c t e d  fo r  throe consecutive  days on 

the days when welghment survey was done. Faeces was c o l le c t e d  

In weighed containers at the home o f  the se lected  ch ild re n . 

Another set o f  weighed containers were icept In the toalwadl 

t o  c o l l e c t  faeces from the ch ildren  I f  there was any d a e fica t io n . 

A fte r  24 hours c o l l e c t io n ,  t o t a l  weight o f  the faeces  was re ­

corded corn ect t o  one gran. A liquots o f  f iv e  graas were 

weighed and taken up Immediately In an equal volume o f  ethanol 

and the sample o f  each c h i ld  was r e fr ig e ra te d  In an a c id  

medium (9N S o .) and la te r  analysed. Nageswara Bao and
M TS

Naraslnga Bao (1970) have ind icated  that the values fo r
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o&rotene absorption  le v e ls  from d if fe r e n t  sources were s im ilar 

whether d a lly  s to o l  samples were analysed fo r  carotene content 

Immediately or  a fte r  stor in g  In a r e fr ig e r a to r  in ® id  medium 

fo r  few days and analysed*

B* Estim ation o f  fa e c a l oaroteaei

The c  rotene excreted  through fa eces  was estim ated 

using the procedure o f  Jangannathan and patwardhan (i9 6 0 )

The procedure i s  given in Appendix I I .

P* Estimation o f  Haemoglobin le v e ls !

Twenty cubic m illi l it r e s  o f blood was drawn through 

finger prich^s mples were analysed fo r  haemoglobin using
Cyanmethaemoglobin method o f  N1N (19T 1). (Appendix I I I )

0 * Estim ation o f  serum p ro te in s !

Because o f  re la tion sh ip  between p rote in s  and vitam in 

A (Pry et. a l ,  1975) i t  was important to  obta in  an estim ate 

o f  p rote in  n u tr it ion  o f  the ta rget ch ild re n . A ccord in g ly , 

t o t a l  p ro te in s  In serum were determined by the Biuret 

method (which Is  given in  Appendix IV ). .

H. Estimation o f  we ua vitam in At

Five m i l l i l i t r e s  o f  b lood  was drawn from the • n tlcu h l-
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t a l  vein  o f  th e  ch ild ren  and the serum was separated and cen­

tr ifu g e d  in  order to  d iscard  the sediments. Serum vitamin 

A was then estim ated fo llow in g  the method o f  Neeld and Pearson 

(1963) and the so lu tion  was read at 3 4 8 ^ in  Bookman Du. 2 . 

Spectrophotom eter fo llow in g  the procedure o f  N1N $1971) 

(procedure i s  given  in  Appendix V)

PHASE I I

Yamamoto (1964) desorlhed the caroten oid  com position 

o f  papaya as that showing s ig n ific a n t  amounts o f  caroten oids 

with vitam in A a c t iv i t y .  Among a few carotene r ich  fr u it s  

l ik e  mangost papaya and ja c k v fr u it ,  papaya i s  the only oheapest 

source o f  th e  commonly a v a ila b le  f r u it s  in  In d ia  and since  

th is  fr u it  i s  su ita b le  fo r  preservation  in  d if fe r e n t  forms 

and the re ten tion  o f  carotene i s  naklmum, i t  was chosen as 

a supplement. Since various stu d ies on p a p y a  by Akaaine 

and Goo (1971) and Peleg and Gomez (1974) have shown that 

f r u i t s  with i n i t i a l  co lo u ra tio n  covering  6i?t o f  outer su rfa ce  

area develop f u l l  to ta l s o l id s  content and the yellow ish  

orange have intensity provides an In d ica tion  about the per­

centage o f  ripending and caroten e  content o f  the fru ity  a 

good yellow ish -oran ge co lou red  Papaya (C ol C arioa pap ya) 

was se leoted  and obtained from A gricu ltu ra l U n iversity , 

Coimbatore, Throughout the study, the papaya was obtained



from the A g r icu ltu ra l U n iversity  t o  have un iform ity  o f  source. 

At the end o f  Phase I ,  the ^0-carotene content o f  the papaya 

was estimated using the procedure o f  Nageswara Rao (196T) 

(Appendix VI)

I t  was estim ated that 136 grams o f  papaya gave 1,200 kg 

o f  jB -oarotene, Prom the beginning o f  the Phase I I ,  136 grams 

o f  r ip e  papaya were given  to  each o f  the se le cte d  su b je c ts  

every morning fo r  a p e r iod  o f  one month. The consumption 

o f  papaya was supervised and no d i f f i c u l t i e s  were encountered 

regarding consumption or  i t s  e f fe c t  on d ig e s t io n (  • i ) .

At the end o f  the second phase o f  the study* the home 

d ie ts  o f the se lected  were surveyed.

Faeces wus c o l le c t e d  fo r  three days at the end o f  the 

phase using fe r s o la te  as fa eca l manker. For accurate work 

i t  i s  necessary to  mark the faeces at the beginning and at
A

the end o f  the c o l le c t io n  period  with a dye or other dete­

c ta b le  marker and to analyse the fa e ca l m aterial c o l le c t e d  

between two marks (Davidson and Passmore, 19T3). The t o t a l  

weight o f  the faeces  c o l le c t e d  each day was noted and stored  

fo r  a n a ly s is  in  the same manner as described  in  Phase I .

The fa eces  was analysed fo r  jB-Carotene using the procedure

fo llow ed  in  Phase I ,
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Th« amount o f  p -ca roten e  a v a ila b le  t o  the body was 

obtained by ca lcu la tin g  the p -ca ro ten e  Intake through foods 

and that exhreted through fa e ce s . The d iffe r e n c e  between 

these two values gave th e  p—carotene absorption  by the ch ild re n . 

From t h i s » percentage o f  absorption  was found ou t. This 

may represent only apparent absorption  s in ce  the p o s s ib i l i t y  

o f  b a c te r ia l  d estruction  o f  carotene in th e  in te s t io n a l t r a c t  

was not taken in to  con sid era tion .

Using a c l i n i c a l  schedule which was used in  Phase , Z 

a c l in le a l  examination was conducted t o  observe s u p e r f ic ia l  

changes. H eights and weights o f  tho se lected  su b jects  

were a lso  taken at the end o f  Phase IX .

Haemoglobin l e v e l s ,  serum p rote in  le v e ls  and serum 

vitam in A le v e ls  were determined using the procedures 

fo llow ed  in  Phase X*

*



IV . RESULTS AND DISCUSSION

The a la  o f  th le  present in v estig a tion  was t o  evaluate 

the a v a ila b i l i t y  o f  p -caroten e from lo c a l ly  a v a ila b le  papaya 

t o  presohool oh ild ren  o f  four years o ld ,  h a ilin g  from a  ̂

low socioeconom ic group. The ch ild ren  were p a r tic ip a t in g  

in  a balwadi feed in g  programme and th e ir  d ie ts  were fu rth er 

supplemented^ with r ip e  papaya fo r  a period  o f  one month.

The intake o f  p-c& rotene and ex cre tion  o f  p -caroten e in  th e ir  

fa eces  were analysed during each phase o f the study p er iod . 

The d iffe re n ce  between both gave the b io lo g ic a l  a v a ila b i l i t y  

o f  p -ca ro ten o . Haemoglobin l e v e ls ,  serum vitamin A le v e ls  

and senna protein s were estimated and they served as u se fu l 

in d ice s  o f  evaluation  o f  th is  study.

PHASE 1

A. General background o f  the se le c te d  children^

Through a socio-econom ic survey, the socio-econom ic 

sta tu s o f  the p a r tic ip a t in g  ch ild ren  and th e ir  fa m ilie s  was 

e lu c id a ted . The fa m ilie s  o f  the ten  ta rget b e n e fica r ie s  

belonged t o  nuolear fa m ilie s  o f  poor s o c io  economic group 

with an income range o f  Bs. 100—200 per month. A ccording to 

to  P ere ira  (19 71 ), a fam ily i s  considered  t o  be poor when



t o t a l  annual Income i s  fe. 2,400 or l e s s .  The educational 

status o f  the fam ily members was poor. The heads o f  the 

s ix  fa m ilie s  had studied  only upto n inth  standard and the 

others were i l l i t e r a t e s .  The occupation o f  the heads o f  

f iv e  fa m ilie s  was c o l l i  work. Among the other heads o f  

the fa m il ie s ,  two were dh ob ies , one was blacksm ith, one

a pawn broker and one a lineman.
! *

B. Body heights and weights g f  th e  s e le c te d  ch ild ren  at the 
beginning o f  the etudri ’

The se le cte d  ten ch ild ren  were a l l  p reschool ch ild ren  

o f  age four y e a rs , attending a balwadi and fre e  from any 

known d isea ses . Their heights and weights were measured. 

Measurement o f  weight i s  the best and eas iest way to  assess 

growth and development (FAG, 1971 and S i$ l ,  1972) Table 

X shows the h eigh ts and weights o f  the se lected  ch ild ren  

at the beginning o f  the study.
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TABLE 1

HEIGHTS AND HEIGHTS OP THE SELECTED CHILDREN AT THE BEGINNING
OP THE STUD!

Height (era) weight (kg)

Subject Sex Actual *ICMR
fig u re A cutal e

g
l

M
 VI t 

*
1

1 P 82.5 94.5 10.5 12.9

2 P 83.4 94.5 10.5 12 .9

3 P 88.5 94.5 12 .0 12.9

4 P 98 .6 94.5 13.0 / 12.9

5 P 91.5 94.5 13.5 12.9

6 P 98.9 94.5 14.5 12.9

7 M 84.0 96.0 11 *5 13.5

8 N 97.0 96.0 . 14.5 13.5

9 u 98.2 96.0 12.5 13*5

10 M 98.6 96.0 13.5 13.5

lie an 92.2 12.6 /

Standard
D eviation ♦ 5.007 ♦ 1.393

♦lew* ( l9 T i)  A l l  In d ia  le v e l .

Among the ten s e le c te d  ch ild re n , s ix  were g i r l s  and four 

boy5s. when height was considered  on a t o t a l v f i v e  ch ild ren  (two 

g i r l s  and th ree  boys) whre above the ICMR le v e l s .  Only the 

weight o f  fou r oh ild ren  (th ree  g i r l s  and one boy) was above the 

IHHR le v e l .  According to  Gopalan (1972) a recen t country wide
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n u tr it io n a l surrey o f  thousands o fp resoh ool oh ild ren  showed 

that the height and weight o f  90 per cent were below the 10th 

p e rce n t ile  value o f  the North American C hildren  o f  co rre s ­

ponding ages.

C* C lin ica l assessment o f the selected children!

The ch ild ren  were c l in i c a l l y  examined and i t  was found 

out that they were fre e  from any c l in i c a l  symptoms.
*  ■ f

D* nattern  o f  the selected  ch ild ren  and th e ir  fam ilies,.*

The fa m ilies  o f  the ten se lected  oh ild ren  fo llow ed  a 

three day meal pattern . There common break fast item^were 

l e f t  over r i c e ,  ch o la k a li, ragi^ r o t t l  and previous day’ s 

earabar. The same items were used fo r  the lunch a ls o .  For 

d inner, the very  same items were prepared fr e s h ly . Thus 

the^ menus had not v a r ie ty . At the balw adl, th e  ch ild ren  

had only lunch fo r  which they were Steen bu lger wheat vege­

ta b le  uppuma.

E. Food and nutrient Intake o f  the se le cte d  ch ild ren !

A th ree  day food  weighment Survey was ca rr ied  out among 

the s e le c te d  ch ild ren ’ s fa m ilie s . The intake o f  home and bal- 

wadi d ie ts  was noted. The mean food  intake o f  oh ildren  i s  

presented in  Table I I  (d e t a i ls  in  Appendix V II) and i s  i l l u ­

strated  in  fig u re
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TABLE XX

MEAN DAILY POOD CONSUMPTION OP THE SELECTED CHILDREN

No. F oodstu ffs Acuta1 Intake R.D.A
XCMR (t#68) *

(8 ) (g )

1 Cereals (R ic e , J a w r , 200BOgl) 222

2 Pulses 29 50
'

S Green le a fy  vegetables 9 75

4 Other veget b le* 19 50

5 R oots and tabors 29 50 . i
6 P ru lts 6 01 ©

1-11 :■ a

T M ilk & I t s  products 52 200
s

8 Pats and o i l s 15 25 J
-■r:

9 M eat, f is h —  , 25 J

10 Egg . O’* 30 1j.
11 Sugar and Jaggery 9 s 40

12 Huts and sp ices IT

«•

1ttItti•t•III

•Clt ed By Gopalan i t  a l  In Pood Cbooposition T a b ln  (19T0).
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The ta b le  in d ica te s  that the allow ances fo r  c e re a ls  

only was met by the ch ild re n . The intake o f  a l l  other 

foods e s p e c ia lly  p r o te c t iv e  foods was p oor. The Intake 

o f  green le a fy  vegetables and fr u it s  was a b so lu te ly  p oor.

The n u tr it io u s  green lea ves  do not f in d  th e ir  way in to  the 

mouth o f  the small c h i ld  (Oomen, 1974). Though a l l  o f  

them were non-veyeturians, they d id  not consume flesh y  foods

during the survey. The above find lngseare  in  accordance
i

with Desal et a l (1970) who found tuat on the ba sis  o f  the

trends on food  consumption, the d ie ts  consumed by a la rge
a*, ;UcU'« .baed rv\*iw£y cjl̂ sloJU a*d oxt . ( a t o w .

m a jority  o f  people p r o t e c t iv e  and p rote in  r ich  foods such 

as eggg, meat and f i s h .  The reason behind th is  inadequate 

consumption o f  p ro te c t iv e  foods i s  that p ro te c t iv e  food s  

such as m ilk , meat, f i s h p g g  are expensive and beyond the 

reach o f  the common man ( Devadas and Usha chandrasekar, 1973)
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Th* m <41 nutrient Intake o f  the se le c te d  ch ild re n  was 

ca lcu la te d  fro® the th ree  day feed  veighnent survey. The 

.•an  n utrient Intake o f  these ch ild ren  I s  given In  Table 111 

and i s  I llu s tra te d  In fig u re  J .  In d iv id u a l naan va lu es are 

g iven  in  Appendix V I I I •

TABLE I I I

MEAN ENERGY, PROTEIN , IRON AND B -C  
SELECTED CHILDREN

AROTENE INTAKE OP THE

S*No« N utrients
Home

Diet

Balnadi
B.D.A

ICMR(it£8)*

1 E n e r g y (R eal) 779 338 H IT 1500

2 p ro te in  (g ) 23 6 29 22

3 Iron  (mg) 11 8 16 17.5

4 B .Carotene 
<M*)

313 165 478 1200

•Cited by Gopalan at a l in  Food C onpositlon  T ables (19T6) 

The above ta b le  in d ica te s  that th ere  le  a lacuna in  the

c a lo r ie  intakes o f  the p resch oo l ch ild ren  hut there . a .  no 

d e fic ie n cy  o f  p ro te ln i This find ing  i s  in  tune n ith  the
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fin d in gs o f  Swaminathan (1 9 6 8 ), P ereira  (1971) and Gopalan 

(1971, 1973 and 1974) • They reported  that the primary inade- 

✓ quaey in  th e  d ie ta r ie s  o f  presohool ch ild ren  i s  n6t p rote in  

hot e l o r i e s .

The mean Intake o f  p ro te in  by the se lected  ch ild ren  was 

29 grams which i s  comparable to  the fin d i^ o f  Hegsted (1970) 

who reported  that the mean intake o f  protein  by preschool 

ch ild ren  ranged from 19-28 grams d a ily .  The mean intake 

o f  iron  by the group (s e le c te d  ch ild re n ) was m arginal. But 

the intake o f  p -eeroten e  was poor* A study conducted by 

Venkatachalam and Reddy (i9 6 0 ) in Hyderabad showed that, the 

caroten e intake o f  the ch ild ren  were considerably  lower than 

(250—300 ita) recommended allow ance.





MEAN ENERGY AND p-CAROTENE INTAKE 
OF THE SELECTED CHILDREN

Y

100 u n its

FIGURE &
Recommended A llow an ce

A c tu a l in tak e
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F. Excretion  o f  ft carotene through faecast

Faeces was o i l l o o t e d  (daring the three days o f  food  

welghuent) fro o  the se le c te d  ch ild ren  and the ^ c a r o te n e  

excreted  was est lu sted  and the values are given in  Table IV#

FABLE IV

PERCENTAGE ABSORPTION OF B-CAllOTENE DURING BASAL PERIOD
BY THE SELECTRO CHILDREN

S u bjects
B o a ro te - Height o f  
/ne *n - the fa eces
take (rt) ( « )

Faecal ft-carotene 
ft-caro* ahsorption  
tone .
w  SK W

percentage 
absorption  
o f  ft-carotene

1 361 150 19Q.0 53.19 169.0 46.8

2 1329 145 556.8 42.00 772.2 57.7

3 521 85 408.0 78.32 113.0 21.7

4 252 180 144.0 57.15 108.0 42 .9

5 368 80 240.0 66.67 128.0 34.8

6 377 120 288.0 76.40 89 .0 23.6

7 432 74 236.8 54.81 195.2 45.3

8 346 82 177.1 52 .37 168.9 48.6

9 317 105 252.0 79 .49 165.0 20.5

iO 477 98 301.8 63.27 175.2 36.7

Mean 478 111*9 279.5 62.36 208.35 37.75

S.D# ♦293«■» ♦ 34*0 ♦ 55.16 £  12.09 ♦190.5 ♦. 12.28
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Tii* ta b le  allows that the fa e ca l excretion  o f  p -carotene 

by the se le c te d  ch ild ren  on basal d ie t  ranged from 144 ̂ 3 t o  

550.8  ^  . The percentage excretion  o f  p -caroten e  ranged from

42 to  79 .4  per cen t, th e  mean being 62.30 percent. I t  i s  in 

accordance with the report by Hume and Krehs (1949) who reported
i s  t o  7*r per cent of d ie ta-»y Qn-xobena in  m an is  ______ ____________ *

#hot lo s t  in  the m aces depending on the d ietary  source*
A

Another study by Hageswara Rae et a l (1970) reported  that

t o t a l  carotene content in  the faeces c o l le c t e d  during the f i r s t  

p eriod  on basal d ie t  varied  from 488-844 f a  /  day in  heglthy 

a d u lts . On the oth er hand, the percentage absorption  o f

p -ca roten e  ranged from 20.5 t o  5 7 .7 ,t  e mean being 37 .T 54i2 .28 . 

Maximum absorption  was found in  su b ject 2 . This was la te r  

found to  be due t o  the greater intake o f  green le a fy  vegetab les 

by t h is  subject^other ch ild ren .

G. Haemoglobin le v e ls  o f  the se le cted  ch ild ren !
t

The haemoglobin contents o f  the f in g e r  p rick  simples 

o f  the b lood  drawn from the se le c te d  ch ild ren ct the beginning 

o f  the study are presented in  Table Y.
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I) I I -  I - . - *■ r - — -  r

TABUS y

|fftnwnn» rum? LEVELS OP THE SELECTED CHILDREN

Haemoglobin le v e l
Subjects drams/ 100 ml Percentage

1 9,190 63,38

2 11,455 78.00

3 13,015 • 82.86

4 10.035 69.20

5 12.305 84.17

6 / 11.090 76.48

7 12.205 84.17

8 11.090 76.48

9
m

10.035 \ 69.20

10 12.590 86.83

Mean
-

11.19 77.17

S.D ♦ 1.101 ♦ 7.S25

Th0 Iiii—  Hjlntiln le v e ls  fo r  the s e le c te d  ten ch ild ren  

ranged from 9,190 tp  12,590 grams per 100 m l, the me n being 

i l . 1 9 4 l . l 0 .  Aaaerdlng to  TOO (1968) the ch ild ren  upto s ix  

years o re  considered  to be anemic I f  th e ir  h w s s g lo t i i



l e v e l8 ere  below 11 grains percentage* A study conducted by 

Baroda u n iv e rs ity  (1976) on presch ool ch ild ren  shows that many 

o f  the se leeted  su b jects  had r e la t iv e ly  low le v e ls  o f  haemo­

globin* Gupta and Agarwal (1972) point out that there Is  

always d i f f i c u l t y  in  s e le c t in g  the normal Haemoglobin le v e ls  

in  developing countries*

H* Serum p ro te in  le v e ls  o f  the se le c te d  ch ild re n !

Serum t o t a l  protein s and album in-globulin  fra ct io n s

were determined fo r  the se lected  ten  ch ild ren and the v  lues

nre given in Table V I.

TABLE VI

SERUM TOTAL PROTEINS, ALBUMINS AND GLOBUILINS 
SEEECTE ) CHILDREN

OP THE ,

Subjects T ota l protein  
g/10 0  ml.

Albumins 
g / 100ml.

G lobulins
g/lOOml

1 5*8 3 .2 2.6

2 7 .2 4 .6 2 .6

3 6 .7 3 .4 3.3

4 6*2 4 .2 2 .0

9 6 .0 3 .0 3 .0

6 5*4 2.9 2.5

7 6 .4 3 .7 2 .7

8 5 .7 4 .1 1.6

9 5 .6 3 .1 2.5

10 6.5 3 .6 2 .9

Mean 6.15 3.58 2.55

S.D 40.5291 4 0.5586 4̂ 0.5383
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Th» above ta b le  g ives a p ic tu re  o f  t o t a l  protein s that 

are estim ated in  the serum o f  the se le c te d  ch ildren* The 

value ranges from 5*4 t o  T .2 grams per 100 m l. th e  mean being 

6*15 ♦ 0*5291. According to  West mt a l (1967) the normal 

serum le v e ls  o f  to ta l  p ro te in , albumins and g lob u lin s  are 

6 .0  to  6.9| 4*7 to  5 .7  and 1 .3  to  2.5 grams percent r e s p e c t iv e ly . 

Since t  her s e t  as no p ro te in  gap found in  the d ietary  h ab its  o f  

the s e le c te d  ch ild re n , m ajority  o f  them had normal serum
t *
p ro te in  daring the study p eriod .

I ,  serum vitamin A le v e ls  in  the s e le c te d  eh lldren i

The serum vitam in A le v e ls  o f  the se lected  ch ild ren  were 

estim ated and are shown in Table V I I .  -
* '■ * j

TABLE V I I
j 1

SEWJM VITAMIN A LEVELS OF THE SELECTED CHILDREN

S u bjects B -carot ene 
in take )

I n i t ia l  serum vitamin 
A le v e ls  ( |^-)

1 361 31

2 1229 33

3 521 23

4 252 24

5 368 25

6 77 - V 28

7 432 ,
30

3 346 32

9 317 21

10 477 26

Mean
S.D*

478
♦293.0

27.3
♦ 2.282
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The estim ated serum T it am in  A le v e l  ranged from 21 to  

33|^in 100 ml o f  the serum, the mean being 27.6 £2 ,2 8 2 ,

The committee on N u trition  o f  the American Academy o f  Pedia­

t r i c s  c it e d  by Sauberlioh (1976) considered  a plasma v i t m i n  

A le v e l  o f  le s s  them 30 j^ /i0 0 a l as unaocceptable. In the 

present study, su b ject 1 ,2 ,7  and S had serum vitam in A le v e ls  

above 30 ^  per 100 m l, Sputer (1976) has reported  serum 

r e t in o l  le v e ls  ranging from 27,2 t o  5 7 ,6 ^  per cent in  twelve 

healthy Dutch ch ild ren  o f  tso t o  tw lv e  years o ld ,

J , C orre la tion  c o e f f i c ie n t  between serum Vitamin A and protein  t

S t a t is t ic a l  an a lysis  mas done to  fin d  out the co rre ctio n
A

between serum v i t  amin A p rote in  le v e ls  o f  the se le c te d  c h i ld -
A

ren . The v lu es  are given in Table VIZI,

TABLE VIII

CORRELATION COEFFICIENT BETWEEN VIT AMIN A AND PROTEIN AT
THE BEGINNING OF THE STUDY

No. B lood p ic tu re C orre la tion  c o ­
e f f i c ie n t  ( r )

1 Vitamin A and to t a l  p ro te in  0,1689

2 Vitamin A and albumin 0,4652

3 Vitamin A and g lo b u lin 0,4484



There was a p o s it iv e  c o r r e l  t ion  between v i t  rain A and 

t o t a l  p roh iin , p o s it iv e  c o r r e la t io n  was a leo  n oticed  between 

v i t  ora in  A albumin and vitam in A afl g lo b u lin ,

K. In d e n tiflo a t lo ii  o f  p -ca ro ten e  from the source -  papayai

At the end o f  the f i r s t  p ie c e , p -oaroten e  content o f  

papaya was estim ated and th e  d i f f e r  eat e fra ct io n s  obtained  

are dep icted  in  T able XX

TABLE XX

ESTIMATION OP B-CAROTENE PROM PAPAYA

Column ohromato- 
graphy

Colour o f  
hands

X d e n t if i -  
c t i o n Reference

1st band Orange yellow p-oaroten e

2nd band Y ellow  pigment U n id en tified (NIN, 1977)*

3rd band Lemon yellow oCCarotene

«BBpuhiished
Three bands were separated on column chromatography• 

Aeeording to  MIN (1 9 6 7 ), the f i r s t  oragge ye llow  colou red  band 

esd wondidered t o  be the p -ca roten e  which was elu ted  with 2-3# 

o f  acetone in  petroleum e th e r , ■ f h «  e lu ted  B -carotene so lu tion
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was read at 540 in  K lett Sumer son C olorim eter. D uplicates 

were done and the values ranged from 652 t o  6 8 0 ^  t the mean 

being  66 £  14 .01 . This value was used in  ca lcu la tin g  the 

amount o f  supplement that i s  to  he given  to  the ch ild ren  to  con­

tr ib u te  the allow ances o f  1 2 0 0 ^  set by ICMR (1968) c it e d  by 

Gopalan et a l  (1 9 7 6 ).
OttuU

L, Comnarision o f  ^ -carotene value o f  papaya with s tu d ies*

The p-caroten©  content o f  papaya obtained in  present 

study is  compared with other s tu d io s .

TABLE X

[-CAROTENE CONTENT OP PAPAYA IN COMPARISJON WITH OTHER
STUDIES

Source S tud ies
, «. ~ Im m, — •
Amount o f  B— 
carotene
L V J

Papaya Slddappa et a l  T73 ±  20 
(1956)

papaya Slddappa et a l 294
(1956)

papaya Present study 666 ♦ 14.81
Qm i)

D esorption o f  the 
f r u it

Large r ip e  ye llow  fresh  
fr u it

Large r ip e  red  fresh  
fr u it

Large r ip e  fr u it  with 
yellow ish  orange pulp

Xn th e  present study, the p -caroten e  content o f  the r ip e  

papaya ( c o l  C arica  papaya) with ye llow ish  or nge pulp was been 

estim ated to  be 666^ per 75 grams o f  the pulp . Thewilue thus



obtained  was found to  oo ln o id e  with th e  value given by 1CMR (1968) 

c it e d  by Gopalan et a l (1976) in  the Food Composition Tables*

A study done by Slddpppa et a l  (1956) on th e  same l in e  reported  

that the r ip e  yellow  fresh  fr u it  has 773 jpg o f  ^ -caroten e  per 

100 grams o f  the pulp . This v a r ia tio n  might be due to  the 

v a r ia tio n  in ripening process* M oyilliam s (1974) s ta te s  that 

d if fe r e n t  amounts o f  pigments oarten w i l l  be found depending on 

the lig h t*

M* Feeding o f  the fr u it *  Panarei ‘

One hundred and th ir ty  s ix  grams o f  papaya which supplied 

the com pleted requirement o f  p -ca roten e  was given the ch ild ren  

fo r  a p eriod  o f  one month in  the second phase. No d i f f i c u l t i e s  

were encountered regarding consim ption and d igestion*

N* Changes in  food  in take:

At th e  end o f  the phase, a survey o f  food intake was 

ca rr ie d  ou t. No s ig n if ic a n t  d iffe re n ce s  were observed in  the 

intake a t home or at the balwadl, bes id es the taking o f  the f r u i t .

O, Percentage absorption  o f  ^ -ca ro ten e  from papayat

The faeces  was c o l le c t e d  fo r  three days at the end o f  the 

second phase* Carotene oontent was analysed and percentage 

e|Sorption o f  B -carotene was estim ated. The mean values



o f  p -ca roten e  excreted  on the balwadi supplement and home d ie t  

nas subtracted  from the amount o f  p -caroten e excreted  in  fa eces  

a fte r  feed in g  the papaya along with home d ie t  nd balwadl supple­

ment, The d iffe re n t  was taken a s  excretion  o f  p -carotene from 

papaya. T h is o lcu la t io n  was done, fo llow in g  the procedure o f  

Eeddy (1 9 7 0 ). The pe tcentage absorption  o f  p—carotene i s  given 

in  Table XX and i l lu s t r a te d  in  fig u re  4 .

TABLE XX

PERCENTAGE ABSORPTION OF p — CAROTENE FROM PAPAYA

Subjects
BvCarotene Weight o f  
intake the faeces 
from papaya (g )
___ i i l _________________

Faecal 
B -oaro- 
tene ex­
c re t io n  - —

B-oarotene
absorption

.  j a l - -

percentage 
a b sorp tion 4  
p -ca roten e

1 1200 150 528.0 864.0 7 2 .0

2 1200 175 420.0 1064.0 89.4

3 1200 80 480(0 1128.0 94.0

4 1200 190 486.0 857.6 71.5

5 1200 170 707.2 752.8 61.1

6 1200 200 960.0 528.0 44 .0

7 1200 190 790.4 646.8 58 .9

8 1200 235 733.2 644.0 53.7

9 1200 175 630.0 812.0 68.5

1010 1200 135 396.4 1145 .4 95.5

Mean tto 609.16 70*36
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The percentage absorption  o f  p -caroten e  froa  papaya by 

the ch ild ren  ranged from 44 t o  95*3 per cent the mean being 

TO.36 +, 17 .02 . This i s  in  accordance with S a u ter 's  (1976) 

opin ion  that under normal co n d it io n s , 70 per cent o f  the 

Ingested caroten e i s  absorbed. A study by Nageswara Hao 

(1976) on fou r adult su b jects  who were fed  papaya which con ­

tr ib u ted  3,139 fu9 o f  p -ca roten e  reported that the percentage 

absorption  o f  p -ca roten e  ranged from 73.3 to  99.4 the mean 

being 9 0 .3 . In  the present dtudy, the b e n e f ic ia l  e f fe c t  

was observed in  a short a p eriod  as 30 days. This i s  

in  l in e  with the balance study by Reddy (1970) who reported  

a maximum absorption  o f  p -ca roten e  from aaaranath by f iv e  

ch ild ren  w ithin a short period  o f  15 days. They a lso  poin ted  

out the p -oaroten e  from s o ft  fo o d  l ik e  papaya is  b e tter  

absorbed than from fibrous green le a fy  vegetab les and c a r ro ts .

In th is  study, a low absorption  o f  p -o  rotene by su b ject -6  

was observed . This c h i ld  developed mumps at the end o f  the 

study fo r  a short p e r io d . Perhaps the in fe c t io n  was a c o n ­

tr ib u tin g  fa c to r  fo r  low le v e ls .  T h is i s  in  accordance with 

the report o f  Reddy (1970) who noted that in  two ch ild ren  sbo 

had acute resp ia tory  in fe c t io n , absorption  o f  carotene from 

amnranath was qu ite  low whichqg 'in  i s  in  l in e  with th e  fa c t  that 

the in fe c t io n  decreases the absorption o f  p -caroten e reported  

by Heymann (19 41 ),



PERCENTAGE ABSORPTION OF p-CAROTENE BEFORE 
AND AFTER SUPPLEMENTATION WITH PAPAYA

k

SCALE:
1 cm - 20 ug of JB-Carotene

Before supplementation 

After supplementation

FIGURE 4
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P# S ig n ifica n ce  of B-c nr otene absorption from papayat

The extent o f  absorption  o f  p -ca roten e  from papaya was 

s t a t i s t i c a l ly  analysed and the values are g iven  ta b le  XII

TABLE XII

SIGNIFICANCE OF p-CAROTENE ABSORPTION FROM PAPAYA

s o u rce
Mean B -c a r o te n e  
in ta k e  (^ g )

Mean p e rce n ta g e  
a b s o r p t io n

S ig in i f i c a n o e
( t )

Home d ie t  ♦ 
supplem ent

balvvadi
478 3 7 .7 5 i  12 .28

Home d ie t  ♦ ba lw ad l 1678 70.36+.

supplem ent ♦ papaya ( i 200+478) 17 .02 4 .9 1 2 *

* Significant at one percent level*

When the absorption o f carotene from the diet which was 

consumed at home and balwadi (with papaya) was compered with 
that before addition o f papaya, the difference was s ta t is t ic a lly  

sign ificant at one per cent level*

A fter  the supplementation with papaya was ov er , the 

h eights and w eights were measured to  note the changes. The 

date are given in  ta b le  A l lI .



TABLE X X II

HEIGHTS AND WEIGHTS OP THE SELECTED CHILDREN BEFORE AND 
AFTER SUPPLEMENTATION WITH PAPAYA

H e ig h t  W e ig h t  ( K g )  i n c r e a s e

s u b j e c t s  - n " a-  - F ^ , ”  " ln 1 le T )B t i n i t i a l  ' p i n . i l  ( k g )

1 82.8 83 ,0

2 83.4 83 .9

3 88.8 88.9

4 98.6 99 .0

8 91.8 92,1

6 98.9 99,4

7 84 .0 84,5

6 97 *0 97 .6

9 98 ,2 98.6

iO 98.6 99 ,1

Menu 92.2 92,71

S+D. i  5.007 4 3 .819

0,8 10.3 11 .0 0.5

0 .8 10.8 10*8 0 .3

0 .4 12.0 12.5 0.8

0 .4 13,0 13.5 0.5

0 .6 43.8 13.5 • *

0.8 14,8 13.5 -i .O

0.5 11.3 11.9 0 .4

0 .6 14,3 15.0 0 .5

0 ,4 12.8 12.5 • •

0.8 13.5 14.0 0 .8

0 .49 12.60 12.82 0.32

2.0699 £  2.669 ♦ 0.8386 +C0690

Cospar i s  on o f  heights b e fo re  and a fte r
supplementation with papaya t  0 . 2S T1

Comparison o f  weights b e fore  and a f t e r  
supplementation with papaya t 0.2485

The above ta b le  in d ica te s  that a l l  th e  ch ild ren  showed 

an increase in  height* But the increase was not s t a t i s t i c a l ly
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s lg n lf l# a n t• Only one subject (6 ) showed decrease In weight

a fte r  two nonghts. T h is c h i ld  as already mentioned had mumps 

at the end o f  the study and perhaps, may have in te r fe r re d  with 

food  Intake* In  sm all ch ild ren , u n lik e  h eigh t, weight rep - 

ponds qu ick ly  to  change in  the body. I t  decreases fo r  in stan ce , 

when th e re  i s  a r e s t r ic t e d  intake o f  c a lo r ie s  and p rote in  which 

causes a lo ss  o f  fa t  and muscles (PAG, l9 7 i)-S a u ter  1976 reported 

that the weight o f  the ch ild ren  o f  an orphanage in Kenya was 

2(# t o  30£. This bos too  low fo r  th e ir  age which ms due to  

seriou s i l ln e s s  and m a ln u trition . The mean increase  in weight 

o f  the ten  s e le c te d  ch ild ren  was not s ig n i f ic a n t .

E, Changes in  the c l in i c a l  p ic tu re  at the end o f  the s tu fe i

At the end o f  the second phase, the s me ch ild ren  

were c l i n i c a l l y  examined using the schedule that w ?s used 

in phase I .  C l in ic a l ly  a l l  the ch ild ren  were normal, except

the one who had mumps.

S. Changes i n haemoglobin leve&gi

The h a e m o g lo b in ^  the md o f  the study were estimated 

and changes in  haemoglobin p ictu re  i s  given in 't a b le  XIV
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HAEMOGLOBIN LEVELS OF THE SELECTED CHILDREN BEFORE AND 
AFTER SUPPLEMENTATION WITH PAPAYA

TABLE XIV

H aem oglobin -In itia l Haemoglobin Final Increase
S u bjects

g/lOQ ml Percentage g/100 m l. percentage g/100 ml.

1 9,190 63*38 10,035 69*20 0 .8

2 11.456 79 ,00 22*205 84*17 0 ,8

3 12*015 82*86 12*590 86*83 £>«• t>

4 10*035 69*20 10*035 69*20 -

5 12*205 84*17 12*205 84*17 -

6 11.090 76,48 11.090 76.48 ms

7 12*205 84,17 12.590 86*83 0*4

S 11.090 76*48 11*455 79.00 0 .4

9 10.035 69*20 10*035 69*20 -

iO 1**590 86*83 12.785 88,17 0*2

Mean 11*19 77,17 11.5025 79*325 0.32

S.D ♦ i . iO i 1  7 *525 + 2,108 ♦ 8*694 ♦ 0.3124

Comparison o f  I n i t ia l  and f in a l  haemoglobin l e v e l s -
t ■ 0*4143*

Six among the se lected  ten  ch ild ren  dhowed an increase 

in  haemoglobin le v e ls *  But the increase v s  not s t a t i s t i c a l ly  

s ig n ifica n t*  I t  i s  perhaps due t o  lack  o f  iron  in  the supplement.
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• •

Th* to t a l  p rote in  album inad g lo b u lin  le r e le  o f  the S ele­
cted  , „  . ,
oted  su b jects  are present ed in  fa b le  i v ,

TABLE XV

SERUM PROTEIN LEVELS OF THE SELECTED ©SILDRSi BEFORE AND AFTER
SUPPLEMENTATION WITH PAPAYA

T ota l p rote in Albumins G lobulins

Subject g/1 0 0  ml. g/iOO ml g/iOO ml

- B efore V fter B efore A fter B efore A fter

i 5*8 5 .8 3 .2 3 .4 2 .6 2.4

2 T.2 7 .2 4 .6 4 .8 2.6 2 .4

3 6 *T 6.7 3 .4 3 .4 3 .3 3.3

4 6 .2 6.5 4 .2 3 .8 2 .0 2 .7

5 6 .0 6 .3 3 .0 3 .2 3 .0 2.6

6 3 .4 5 .2 2 .9 3 .0 2.5 2 .2

T 6 .4 » . »• .‘cav*,-
1 .9 2 .* 2.4

8 5 .7 5 .8 4 .1 3 .2 1 .6 2.6

9 5 .6 4 .8 3 .1 3 .2 2.5 2 .6

iO 6.5 6.5 3 .6 3 .6 2.9 2 .9

Mean 6.15 6.22 3.58 3.56 2.55 2.61

S,D. £  0.529 +0.5442 ♦0,5040 ♦0.5383 +5383 ♦ 0.3436

comparison o f  t o t a l  p rote in  b e fo re  ^ f l a t t e r  supplementation with
papaya t»0.292A .
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The to ta l  p rote in s  do not show any s ig n ifica n t  Increase 

a fte r  feed in g  the papaya. This i s  due to  the fa c t  that the
4

suppleaent I s  a f r u it  which has very l i t t l e  p ro te in .

0 .  Serua vitam in A le r e ls  o f  the se leo ted  ch ild ren  a fte r  supple­
mentation with papayat .............

The serum vitam in A le v e ls  obtained from the s e le c te d  

ch ild ren  a fte r  the supplementation with papaya are  compared 

with in i t ia l  le v e ls  o f  the same ch ild ren  in  Table XVI* The 

same i s  i l lu s t r a te d  in  fig u re  6 ;

TABLE XVI

SERUM VITAMIN A LEVELS BEFORE AND AFTER SUPPLEMENTATION
WITH PAPAYA

Subjects I n i t i a l  (JU<5 ) F inal (JU5) Inorease (ft$)

1 31 35*5 4.5

2 33 43.5 10.5

3 23 33.5 10.5

4 24 30 .0 6 .0

8 23 29.8 6 .5

6 28 28.5 0.5

7 30 32.0 2.0

8 32 38.5 6.5

9 21 29.0 8 .0

10 26 32 .0 6 .0

Mean 27.3 33.2 5 .9

S.D* ♦ 2.282 ♦ 5.832 +3.089



Comparison o f  serum vitam in A le v e ls  
be fore  and a fte r  supplementation with papaya t  0 .9 4 2 6

Zn a l l  the se le cte d  ch ild re n , the serum vitam in A was 

found to  be increased* The mean serum vitam in A le v e l was 

33*2+5*832* The oommittee on H u trltion  o f  the American

Academy o f  P e d ia tr ie s , c i t e d  by sau bertifh  (19 76 ), con sidered  

plasma vitam in A le v e ls  o f  30 per 100ml and above as 

In d ica tors  o f  v l t  min A Intake to  the in crea sin g  needs o f  the 

growing c h i ld  and as w ell f o r  l iv e r  storage* The mean 

increase in  the serum fita m in  A was 5•9+3*089,, This in d i­

ca tes  th at in  these ch ild re n , p -caroten e was not on ly absorbed 

but a lso  converbed to  vitam in A and u t i l i z e d  w e ll. The 

resu lt o f  a supplementation study by L la  and Reddy (1974) 

showed that there was a s ig n if ic a n t  in crea se  in  serum vitam in 

A le v e ls  a ft e r  feed ing  green le a fy  vegeta b les  fo r  the two 

weeks* A s im ilar observation  has been reported  by Perblra and 

Begum (1968) when they fed  green le a fy  vegetab les to  presohool 

children*

V* C orre la tion  c o e f f i c ie n t  between vitam in A and p rote in  t

The c o r r e la t io n  c o e f f i c ie n t  between vitam in A 

and d if fe r e n t  p rote in  fra c t io n s  a ft e r  supplementation i s  given 

in  Table XVII.



INITIAL AND FINAL SERUM VITAMIN A LEVELS 
OF THE SELECTED CHILDREN

SCALE:
1 cm = 10 jig  o f Vitamin A

i

c

I n i t ia l  le v e l  

F inal ]e v e l

FIGURE -  %
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TABLE XVII

CORRELATION COEFFICIENT BETWEEN VITAMIN A AND PROTEIN AFTER
SUPPLEMENTATION WITH PAPAYA

No.n Blood p ic tu re C orre la tion
c o e f f i c ie n t

1 Vitamin A add t o t a l  
prot eln 0.3941

2 V it u in  A and albumin 0.5002 ./

3 V it jp in  A and g lob u lin 0.0496

The ta b le  indie at os^po s i t iv e  c o r r e la t io n  between vitam in
t

A le v e ls  and p rote in  le v e ls  and prote in  f r a c t io n s .  A 

p o s it iv e  c o r r e la t io n  between plasma albumin and vitamin A has 

already been reported  in  experim ental animals by Friend et a l  

( i9 6 i )  and A s c a r e l l i  (1969) as w ell as in  ch ild ren  by Kothari 

•t a l (1971)* This c o r r e la t io n  was done in  order togpt a 

com plete p ic tu re  o f  n u tr it io n a l status o f  the su b jects  and 

a lso  to  in v e s t ig a te  any a ssocia tion  between p rote in  and 

▼it min sta tu s in  the su b je cts  in  view o f  the re la t io n s  p ost­

u lated  between these too n u trien ts  by Friend et a l (1961 ).

W, C orre la tion  between p -ca roten e  Intake and serum vitam in A 
W ore andf a fter  nunolmnen tat ion  w lin  papMS*

The co r re la t io n  c o e f f i c i e n t  between mean p -carotene
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intake and mean serum vitam in A le v e ls  was attempted and i s  

given in  Table "XVIII*

TABLE XVIII

CORRELATION BETWEEN p-CVROTENE INTAKE AND SEBUM VITAMIN A

Phase Mean d ietary  B- 
oarotene intake

Mean scrum vitam in 
A le v e ls  ( ^  )

C orre la tion
c o e f f i c ie n t

( r )

Z 478+293 273+2.282 0.4309

I I 1678 }(1200+478) 33.2 +5.832 0*6227

The ta b le  in d ica te s  that there was a p o s it iv e  c o r r e ­

la t io n  between the^p-oarotene intake and mean swum vitam in 

A le v e ls  in  the se le cte d  preschool ch ild ren  in both the phased 

the c o r re la t io n  being higher in  Phase I I .  This may be due 

to  the in clu sion  o f  carotene r ich  food-papaya.

■■'4



g .  SUMMARY AND CONCLUSION

A study was undertaken t o  determine the e f f ic ie n c y  o f  

absorption  o f  f) caroten e and i t s  a v a ila b i l i t y  from papaya 

to  ten  preschool ch ild ren  o f  fou r years o ld . T h e® leoted  

ch ild ren  attended a balw&dl at Naikenpalayaa, s itu ated  in 

perianaikenpalayam B lock , IS km away from Coimbatore c i t y .  The 

ch ild ren  recieved  the balwadi supplement o f  vegeta b le  bulger 

wheat uppuma along with th e ir  home d ie t .

The study con sisted  o f  two phases. During the f i r s t  

phase the se lected  ch ild ren  were made to  consume the balwadi 

supplement and home d ie t  alone and the fo o d  intake was r e ­

corded fo r  three days at the aid o f  the phase I .  During 

the fo llo w in g  one month in the second phase, 136 grams o f  

r ip e  papaya at a cost o f  s ix  p a ise  which con tribu ted  1 , 200/ ^  

o f  p -ca roten e  were fed  to  th e  ch ild re n . The faeces was 

c o l le c t e d  fo r  three con secu tive  days during the dterm ination 

o f  each phase and was analysed fo r  p ca roten e . The p -c a r o -  

tene in take and excretion  were determined and th is  f a c i l i ­

tated  the estim ation  o f  absorption o f  p -ca roten e  from the 

supplement-papaya by the ee leo ted  p re sch o o le rs . The in d ice s  

fo r  eva lu ation  indluded the estim ation o f  haemoglobin, serum 

p rote in s  and serum Vitamin A le v e ls  in  both the phases.



The findings of the study are summarised as followst

*

1 , percentage absorption of |B—oarotene improved a fte r  

supplementing the home diet and balw^di diet with papaya# 

In it ia l ly *  the mean percentage absorption of p-carotene was 

37#75 ♦ 12.28 and at the end of the study i t  was 70#36 ♦ 17#02 

The difference in absorption was highly significant at one 

percent level#

2# There was a mean increase in the serum vitamin A 

leve ls  from 27.3 + 2.28 to 33.2 + 5.83 in the selected 

children, and the mean difference was 5.9+3.089. There 

was a positive correlation between in it ia l  and fin a l vitamin

A leve ls . ij
3. Since serum vitamin A leve ls  mre influenced by 

the B-carotene intake o f the children correlation between 

these two factors were searched fo r . There was a positive  

correlation  between mean ^-carotene intake and mean serum 

vitamin A levels before supplementation (Phase I )  and ow n  

^-carotene intake and mean serum vitamin A leve ls  o f the 

children a fter supplementation with papaya in the second phase

4, The mean tota l protein levels was 6.15+0.53 and 

6.22+0.54 before and afterrthe study respectively. There

i
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was a p o s it iv e  c o rre la t io n  between the mean in i t i a l  and mean 

fin a l serum t o t a l  p ro te in , but the d iffe re n ce  was not s ig n i­

f ic a n t .

. 3 , There w s a p o s it iv e  co rre la tio n  between serum

vitam in A le v e ls  and serum t o t a l  p rote in  le v e ls  in  the second 

phase,

6 , The mean haemoglobin le v e ls  o f  the ch ild ren  b e fore  

and a f t e r  supplementation were i i * 19+1,10 and 11,50+2,10 

r e s p e c t iv e ly . The mean increase in  haemoglobin le v e ls  was 

not s ig n i f ic a n t ,

from th e  study? i t  can be seen how the ad d ition  o f  

such lowvcost lo c a l ly  a v a ila b le  food-papaya to  the home d ie t 

and balwadl supplement Improves the vitam in A status o f  the 

preschoolers-Such  economic and low oost source o f  p -c  >rotene 

namely papaya which oan be given  in  amounts to^ the required 

amount o f  v i t  min A can be recommended in  the balwadl d ie t s .  

Consumption o f  oarotene r ich  foods l ik e  papaya by the preschool 

ch ild ren  along with cerea l pu lse  mixture would c e r ta in ly  r e l ie v e  

them from the haphazards o f  vitam in A d e fic ie n c y .

Recommendation!

The a v a i la b i l i t y  o f  carotene from d iffe re n t  preparations 

o f  papaya and th eir e f f e c t s  on vitamin A serum le v e ls  need to  

be in v estig a ted .
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APPENDIX -  I

CLINICAL ASSESSMENT

Grade I  # Healthy and fre e  from any d e fic ie n cy  symptom

Grade I I  t

(a )  Poor musculature

(b) Deficient sub cutaneous fa t

( c )  Mild anaemia

(d )  Lack o f  in te re s t  in  surroundings

(e )  Mild sign s o f  not more than one o f  the s p e c i f i c
n u tr it io n a l d isord ers  or d e fic ie n c e s  mentioned 
under group 3 o f  grade I I I*

Grade III*  Group I
(a) Equal ueightage -  highly sign ificant o f malnutrition 

• (b ) N utritional oedema

(o ) Gross muscular wasting

(d) narked anaemia
(e ) Xerosis o f the cornea

Group 2 s ig n if ic a n t  o f  m alnutrition

(a )  Xerosis or p i mentation o f conjunctive

(b )  B ito t  spots

(o )  Keratomalacia
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(d )  Carles

(e )  D ry/or rough skin

( f )  Crazy pavement o f  sk in

(g )  H yperkeratosis

(h ) Spoon shaped n a ils

( i )  Dry lu s tu r le e s  hair

General Appearancei

(a ) Good e re ct  posture ' 

(h ) Neatness and c lea n lin ess

S p eo ia l remarks i f  any*

{
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DETBRMIHATIOH OP FABQAL CAROTBHE

The fa e ca l oarotene was estimated using the procedure o f  

Jaganathan and Patwardhan (I960)*

Rea&entai

t • A lcohol -  D is t i l le d  pure a lcoh o l

2 . Petroleum ether 

5 * Anhydrous sodium sulphate*

Procedural.
The fa e ca l samples were soaked in  a lcoh o l over night and 

they were tran sferred  to  a mortar and ground w ith a lcoh o l repea­

ted ly  u n t il  the ex tra ct  had no more yellow  co lo u r . The a lco h o l 

e x tra cts  were then tran sferred  to  a separating fu nnel. An equal 

volume o f  petroleum ehter was added, sw irled  w ell and the lower 

la y er  was d iscard ed . This procedure was repeated u n t il  the 

lower la yer  shewed no trace  o f  y e llow . The petroleum tth e r  

e x tra cts  were then tran sferred  to  a separating funnel to  which 

an equal volume o f  water was added, sw irled  and the lower layer 

d iscard ed . The ex tra ct was freed  from m oisture by f i l t e r in g  

through a bed o f  anhydrous sodium su lph ate . This was washed 

with sm all quantity o f  petroleum ether u n t il  the f i l t r a t e  was 

fre e  from tra ces  o f  oaroten e. The petroleum ether e x tra ct  was 

made upto volume and the absorption  o f  yellow  c lou r was measured
4>ro

in  k le t t  Sumiaerson Colorim eter at 540mu*

APPENDIX I I
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ESTIMATION OF HAEMOGLOBIN BY CYANMETHA3MOGLOBIN METRO)

Reagents*
- * * - • * # *  •

1 . D rabkin 's D iluent Solution* ■

Sodium bicarbonate -  1 g 

Potassium cyanide • 0*0$ g 

Potassium fe rr icy a n id e  -  0 .20 g 

D is t i l le d  water -  1 l i t r e

This so lu t io n  should not be used a ft e r  i t  forms a pre­

c ip i t a t e  on the bottom o f  the storage b o tt le *  The s o lu t io n  is  

preserved in  dark brown b o t t le  and p re fera b ly  under co ld  storage* 

I t s  preparation  and handling should be done with great care 

sinoe  i t  i s  poisonous.

t* 5 m l. o f  Drabkin*s d ilu en t so lu t io n  is  measured in to  

a dry te s t  tube from a burette  or a p ip e tte  w ith  su ction  bulb*
4 r

. 2 . Exactly 0 .0 2  ml o f  blood i s  tran sferred  from a standard

haemoglobin p ip e tte  in to  a d ilu en t so lu tion *  Usual care in  

f i l l i n g  and clean ing  o f  loaded haemoglobin p ip e tte  must be

observed*

3 /  The p ip e tte  i s  rinsed  three times w ith d ilu en t so lu t io n  

without allow ing the form ation o f  a ir  bubbles in  the solution*?

APPENDIX i n
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4. The b lood  and the d ilu en t are thoroughly mixed by 

ro ta t in g  the tube*

5 * 10 minutos time la  allowed fo r  the form ation o f  the 

cyannathaemoglobin. *

6 * 5 ml o f  the d ilu e n t so lu tion  i s  used as blank.

f * With green f i l t e r  No* 540* the read in g ig  are taken 

in  a photo e l e c t r i c  colorim eter*

1 . Total b lood  iro n  i s  determined by wong's method.

This determ ination  would g ive  absolu te  amount o f  

haemoglobin*

2 . E xactly 0*02 ml o f  th is  known blood sample measured 

as above in to  5 *0 , 7*5* 10. 0, 12.5, and 15*0 ml res ­

p e c t iv e ly  o f  d ilu te d  so lu t io n s  are now equivalent to  

blood samples contain ing re sp e c t iv e ly  100, 67, 50 , 40 

and 3Q£ that o f  the o r ig in a l s o lu t io n .

3* The in te n s ity  o f  the co lou r i s  read using green f i l t e r  

540 mu against a blank se t  at ser*  O.D.

4* On a graph paper, a standard graph i s  drawn using 
these haemoglobin concentrations and corresponding

' d en s ity  values. ' ,



APPENDIX IV

ESTIMATION OF St2tUM TOTAL PROTEINS AMD ALBUMINS BY BIfiRET
METHOD

Prinoiolei
The CEONH) groups In  the p ro te in  m olecule rea ct with copper 

sulphate in  a lk a lin e  medium to  g iv e  a purplish  v io le t  or p inkish  

v io le t  co lou r which i s  then read at 540 mu*

Reagent si

1* B lurent Reagent!
1*5 g  o f  cupric  sulphate and $.Q g sodium potassium t a r -  

ta ra te  were d isso lv ed  in  500ml o f  d i s t i l l e d  water. To th is  was 

added with sw ir lin g , 300 ml o f  1056 (w /v ) sodium hydroxide (Co2 

fr e e )  and d ilu ted  to  1 l i t r e  in  a p la s t ic  b o t t le .  0 . 1# potassium 

iod id e  was then added and stored  at room tem perature. This rea­

gent was s ta b le  f o r  upto s i x  months. '

2 . 28# Sodium su lp h ite  so lu t io n

3 . P rotein  standard.

9he standard p rote in  s o lu t io n  might be e ith e r  a pooled 

normal human serum, the p ro te in  con ent o f  which had been accu­

r a te ly  determined by a k je ld a h l method or s o lu t io n  o f  pure 

albumin. Use o f  albumin so lu tio n s  perm itted concentrations above 

the normal range. The serum or albumin so lu t io n s  were d ilu ted



with Q.9£ sa lin e  to  g ive  exact standards o f  1*0 to  3*0 per 100 m l.

Procedure! ■
0 .1  ml serum was d ilu ted  with 1.9 ml o f  w ater. 8 ml o f  

B iuret reagent was added and mixed w ell by shaking, l e t  stand 

f o r  30 minutes and read in  a speotrophotom eter at 540 mu.

Albumim *
•  . . .  * *

To 0 .2  ml o f  serum in  a te s t  tube, added 4 .8  ml o f  28^ 

sodium su lp h ite  from a b u re tte , (p ip e tte  should not be used as 

the s a lt  c r y s t a l l is e s  out e a s ily )  mixed and l e t  stand f o r  10 

minutes, f i l t e r e d  with Whatman Now 40 or 44 f i l t e r  paper. Added 

8 ml o f  B iuret reagent to  2 .0  ml o f  the f i l t r a t e  and proceeded as 

fo r  to ta l  p ro te in s . Ordinary ce n tr ifu g a tio n  would not y ie ld  a 

c le a r  g lo b u lin  fre e  supernatant and use o f  ether reagents at 

room temperature was not s u ita b le .

Reagent blanks were prepared with 2 .0  ml o f  d is t i l l e d  water 

and 8 .0  ml Biuret reagent fo r  t o t a l  p rote in s  and with 2 .0  ml 

28£ sodium su lph ite  and 8 .0  ml Biurent reagent fo r  albumin.
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to o

ESTIMATION OF SERUM VITAMIN A (RETINOL)

Tbs e x tra c tio n  procedure was done, fo llow in g  the method 

o f  Neeld and Pearson (1963) and the so lu t io n  was read at 348 mu 

( in  u ltra  v io le t  r e g io n ), fo llo w in g  the procedure g iven  by KIN 

(1 9 7 1 ).

Procedure!

Reagents!

1* A lcoh o lic  pottassium  hydroxide 0*5%*-

0*5 gram o f  potassium hydroxide was d isso lv ed  in  100 ml 

o f  p u r ifie d  a lco h o l.

2* N-hexane (HPC) B .P. 65° -  75°C*

3* Chloroform' u
4 . Stock vitam in A solu tion * 344 mg o f  vitam in A aceta te  

(300 mg o f  vitam in A) was d isso lv ed  in  chloroform  and 

made upto 100 m l. 1 ml o f  stock  contains 3000 mg o f  

r e t in o l*

APPENDIX f

interm ediate standard*

1* 0*25 ml o f  stock  d ilu ted  to  25 ml *  30 mg/ml

2* 0*50 ml o f  s tock  d ilu ted  t o  25 ml *  60ag/ml

3* 0*73 ml o f  stock  d ilu te d  to 25 ml • 90 mg/ml

4* 1*00 ml o f  stock  d ilu te d  to  25 ml ■ 120 mg/ml
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Verkin? standard!

Sach intermediate was again diluted in the ratio 1t9 and 

from eaoh standard fin a lly  1 ml was taken and 2*0 ml chloroform 

was added and read at 348 mp in Beckman Du* Speotrophotometer*

jMhc&s

1*0 ml of serum was placed in a test tube* An equal 

volume of alcoholic potassium hydroxide was added* 1*5 ml of 

N-hexane was added to the serum alcoholic potassium hydroxide 

in the test tube* The test tube was stoppered and the contents 

were shaken well for 43 seconds. It  was centrifuged for 10 

minutes at a speed of 3000 revolutions* per minute* The super­

natant was evaporated to dryness in a 40®C water bath* The 

residue was immediately taken up in one ml of chloroform* added 

2 ml of oholoroform again and the CD of the solution was measured 

at 348 mjx in the spectrophotometer*

The solution is  transfered to a soft glass tube with a 

stopper and irradiated with U.V* light (ksca. the lamp should be 

turned on 10 minutes before use)* the lamp* The OD at 348 mp. 

is  again read and the difference in OD is  taken as a measure 

of vitamin A in the solution*
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APPENDIX VI

ESTIMATION OF CAROTENE FROM PAPAXA

PREPARATION OF EXTRACT* -

Th® ripe papaya was out into small pieces and 75 grams 

of it  was pulverised with 85 per cent aoetone. The suspension 

was refluxed for about 40 minutes over a boiling* water-bath and 

the supernatant was decanted off* The extraction was repeated 

twice or thrice and the supernatant was pooled together# It  

is  then diluted with 20 ml of 25 per cent aoetone. The oarotene 

was extracted with petroleum ether thre or four times by using 

20 ml for each time. The carotene solution was concentrated by 

evaporating i t  over a water-bath until the volume was reduoed 

to 1.0 ml and used for column chromotography•

CHROMATOGRAPHIC SEPARATION OF PIGMENTS* ,

Alumina slurry was prepared by using petroleum ether* 

Meanwhile a burette with nozzle was taken and a rubber rube was 

connected to the nozzle,. A pinch cock was attached to i t .  The 

outlet o rifice  was plugged with a bit of glass wool to about 

one centimetre. The alumina slurry was introduced gently to 

a depth of 10-12 om# During the preparation of the oolisan, oare 

was taken to see that no a ir bubble was trapped in between 

and the top of the column was always kept covered with a layer
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o f the solvent so that the column does not get dried up*

' Poured in the prepared concentrated solution of carotene 

with & pipette without distributing the upper surface of the 

column* When most of it  had drained, added petroleum ether 

l i t t le  by l i t t le  and allowed i t  to pass through until discrete 

bands of the different oarotene were obtained*

ESTIMATION OF 3̂—CAROTENE*
i

A stock standard carotene solution was prepared by 

dissolving 10 mg of carotene in 10 ml of petroleum ether* From 

this one ml was taken and diluted to 50 ml with ether so that 

1*0 ml of i t  contains 20 t  of carotene*

Into a series of test tubes* pipetted out 1*0* 2*0* 3*0, 

4*0 and 5*0 ml of the working standard solution* The volume 

was made upto 5 ml in a l l  the tubes with petroleum ether*

The separated yellowish orange coloured B-carotsne band was 

oluted using 2-3 per centaoetone in ether* This eluted B- 

oarotene solution of 5 ml was taken and the colour was then
kvO

read in klett Surataerson colorimeter at 340 ô u against a b&lnk 

(5ml of petroleum ether)*
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♦MEM POOD INTAKE OF THE SELECTED TEH CHILDREN

APPENDIX 711

NO. Pood stuffs 1 2 3 4 5 6 7 8 9 10

1. Cereals (g ) 236 206 170 213 254 250 155 214 £51 266

2. Pulses (g ) 42 3 24 35 37 37 29 13 31 47

3. Oreen leafy  
vegetables (g ) 5 36 5 5 5 5 5 5 5 5

4* Roots and tubers 21 18 18 47 51 55 10 17 36 22

5* Other vege­
tables 27 - 24 - 34 36 7 - 16 38

6. Fruits (g ) - 4 20 1 2 2 23 2 4 4

7* Milk (g ) - - 114 - 17 17 125 100 17 130

3* Fats and o ils
(g ) 15 15 15 16 14 15 10 12 10 25

9. Meat and fish (g )

10* Eggs (g ) i

11. Sugar and, jagg­
ery (g ) 5 5 9 13 8 3 11 11 12 12

12. Nuts and spices 
(g ) 12 10 21 11 20 28 21 8 10 31

•The data collected from Three Day Pood tfeighfcenfc Survey*
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