AVAILABILITY OF CALCIUM FROM TREE LETTUCE ON SbHOOL
' CHILDREN

By )
G. Geetha

A Thesis Submitted to the Universit{ of Madras
in Partial Fulfilment of the requirements
for the Degree of Master of Science
April 1977.




ACKNOQWLEDGEMEN]

!

The author records her heartfelt thanks to
Mrs,.S.Premakumari, M.Sc., Dip.Ed., Lecturer in Nutrition,
sri Avinashilingsm Home Science College for Women,
Coimbatore, for her valuable advice and help.l She wishes,
to express her deepfelt gratitude and sincorenthanks to
Dr.{Mrs) Rajammal P.Devadas, M.A., M.Sc., Ph.D (Chio State),
Director, Sri Avinashilingam Home Sclience College for
Women, Coimbatore for her inspiring guidance";urlng the
entire course of this study, The author expresses her thanks
to Dr, S.N.Jagannathan, M,B.B.S., M.S., for his assistance
in clinical assessment, the Headmistress and teachers of
Sri Avinashilingam Basic School for their co%operation and
help. ( v

Grateful acknowledgements are due to the children and
their mothers for their full coeoperation 1n:the study,
i



CHAPTER

LIST OF CONTENTS

LIST OF TABLES
LIST OF FIGURES
‘ LIST OF APPENDICES
'3 INTRODUCTION ..

II REVIEW OF LITERATURE oo
A, Prevalence of malnutrition among i

Indian children . oo

B. Nutriticnal contributions of green
leafy vegetables in school lunch
programmes o

C. Factors influencing calcium
absorption and retention .o

D. Studies on calcium metabolism e

III EXPERIMENTAL PROCEDURE .o

A, Selection and analysis of the leaves .

B. Selection of the children 33

C. Feeding the children ] .e

D. Assessment of the nutritional status ,
of children and .e

E. Calcium balance study oo

IV RESULTS AND DISCUSSION " ee

A. Food and nutrient intake of children .

B.

Changes in the nutritional status

of children ve
1. Anthropometric measurements se
2. Biochemical measurements ! ou

3. Clinical picture , we

PAGE

10
21

29
32

43

45

51
51

58



C. Absorption of calcium and calcium
balance

. 3UMMARY AND CONCLUSION

LITERATURE CITED
APIENDICES

59
67

72



II

II11
v

Vi
VI
VIII

IX

X1
XII

XI1X

XIv

|
LIST OF TABLES

| mme

PERCENTAGE NUTRIENT, OXALIC ACID
AND PHYTIC ACID CONYENTS OF TREE LETTUCE
AND AMARANTHUS .o

MEAN INITIAL HE IGHT,WEIGHT AND BLOOD |

HAEMOGLOBIN LEVELS OF THE SELECTED

GROUPS OF CHILDREN .
WEEKLY SCHOUL LUNCH MENU .
ENERGY AND NUTRIENT CONTRIBUTION OF

THE SCHOUL LUNCH MENUS
COST AND QUALITY OF FOODSTUFFS

USED PER CHILD PER DAY .
MEAN DAILY FOOD INTAKE OF THE

SELECTED CHILDREN .
MEAN ENERGY AND NUTRIENT INTAKE

OF THE CHILDREN .
MEAN INCREASE IN HE IGHTS OF CHILDREN
OVER A PERIOD OF THREE MONTHS .o

MEAN INCREASE IN WEIGHTS OF CHILDREN |

OVER A PERIOD OF THREE MONTHS lew

MEAN INCREASE IN BLOOD HAEMOGLOBIN
LEVELS OF CHILDREN OVER A PERIOD OF

THREE MONTHS .o
URINARY EXCRETION OF CALCIUM (SIX !
HOURS COLLECTION) _ .
INITIAL AND FINAL CLINICAL PICTURE ,
OF THE CHILDREN(IN PERCENTAGE) .e

PERCENTAGE CALCIUM ABSORPTION AND
CALCIUM BALANCE REGISTERED BY THE
CHILDREN e

MEAN OXALATE AND PHYTATE CONTENT OF
THE DIETS OF CHILDREN :

BagE

3l

33

37

46
48
51

93

58

60

62



LIST CF FIGURES

EICURE
TREE LETTUCE 'Ptﬂ!!&‘ a;ba' oo
2 TREE LETTUCEe A GROWING TREE

INTAKE AND RETENTION OF CALCIUM
IN FOUR GROUPS

3 8

65



LIST OF APPENDICES

ARPENRIX

INDIVIDUAL HEIGHTS OF THE CHILDREN
OVER A PERIOD OF THREE MONTHS

INDIVIDUAL HEIGHTS OF THE CHILDREN
OVER A PERIOD OF THREE MONTHS

INDIVIDUAL BLOCD HAEMOGLOBIN LEVEL
OF THE CHILDREN OVER A PERICD OF
THREE MONTHS

CALCIUM INTAKE AND EXCRETION OF THE
SELECTED CHILDREN DURING THE THREE
DAY BALANCE STUDY

CONSUMPTION OF PROTEIN, PHOSPHORUS,
OXALATES AND PHYTATES BY THE
SELECTED CHILDREN DURING THE THREE
DAY BALANCE STUDY

EGE

87

102

110

113



I INTRODUCTION

Man has progressed from food for survival to
knowledge of nutrition for health, The maintenance of
a high level of nutritional health requires the
continuous availability of a wholesome, nourishing food
supply that can provide all of the essential nutrients
in amounts sufficient to meet human needs, Now, the
immediate challange facing the mankind is how to make
Iavailable to all people every where enough food of the
right kind, and how to educate all people to select
and enjoy foods for nutritive value (Gopaldas, 1976 and
Nagarajan, 1977).

Devadas gt al (1976) emphasize. that the nutrition
of the preschool child and school child 1s of paramount
importance since the foundation for lifetime health, l
strength and intellectual vitality is laid during that
period. It is needless to mention that the children who
are rapidly growing require more nutrients than the
adults, It 1s the consensus of many nutritionists today
that enough calcium must be provided to y&ung children
to ensure a well calcifled skeleton when adulthood is
attained,

However, it is disheartening to note that, of the
3% per cent of the child population, 75 per cent can be



t
classified as "not healthy" due to major asnd minor

illnesses~ (Gopalan, 1975). Besides the main problems
of shortage of calories and proteins, anaemia due to
iron deficiency and blindness due to vitamin A
deficiency are serious problems of Indian children

(Devadas et al, 1969 and Easwaran gt al,1976).

Calcium deficiency is a crucial factor in the
aetiology of skeletal retardation of young children,
The skeletal retardation due to calcium deficiency seems
to be much more prevalent than has been suspected,
The retardation appears to be more evident in the post
weaning period and to persist till the age of 10 years
or more, Rajalakshmi (1976) puts forth that radiological
appearance suggesting generalised osteoporosis is
frequently seen in the bones of children suffering from
protein-calorie malnutrition, The extensive diet surveys
carried out by the National Institute of Nutrition (1975),
Rajalakshmi (1976) and Devadas (1977) have revealed that
the diets of the school children are deficient in nutrients
such as calclum, iron, carotene and vitamin D, This is
mainly due to the poor intake of milk, fruits, green leafy
vegetables and other vegetables.

Now the immediate task of the nutritionists is not
to yzgf up the existing dietary practices and introduce



drastic changes, but to improve the local dietaries with in-
expensive local methods., It is approprlate to emphasize
that the consumption of green leafy vegetables which are
locally available foods can be enhanced to overcome the
deficiency of minerals and vitamins (Devadas gt al, 1973)
ard Kamalanathan gt al, 1974). Nutritional benefits

of green leafy vegetables has been proved by Devadas et al,
(1965, 1971 and 1973) on children through séhool lunch
feeding programmes.

Though in general all the green leafy vegetables are
excellent source of minerals and vitamins, their
contribution to the biological system differ from variety to
variety because of various intervening factors. So far
the benefical effects of only a few leafy vegetables has
been explored fully and there is a need to fulfil this
lacuna, One of such ﬁnindentified sources is tree lettuce,

betanically known as *Pigonia alba's

i

Tree lettuce is cultivated all over India and is
grovn in the form of a tree and hence the leaves will be
avallable throughout the year especlally duriﬁg the

winter seasons in excess amounts,

Aman (1969) in his book on "Medicinal secrets of your
food® states that a glassful of fresh leaf julce of lettuce
mixed with sugar or honey taken every night or in the

morning is a medicine to cure stomatitis, sprue and anemia



due to iron deficlency. It prevents tuberculosis,

asthma, bronchitis, jaundice, gallebladder stones and
corneal ulcers. Chewing leaves every day immediately after
meals, prevents tooth decay, gingivitis, halitosis (bad
breath), pyorrhoea, loss of excessive enamel of teeth and

preserves the taste~detecting neurons of the tongue.

Above all, tree lettuce is found to be an excellent
source of calcium having a content of 3204 mg/100 g.
However its nutritional potentia}s has not been focussed
by any previous studies ;o far. The present investigation
i1s an attempt in that direction. It aims at studying the
availability of c-lcium from tree lettuce on school
children in comparison with that of amarantﬁ tender
(Amaranthus qangeticusg). School lunch programme is one
of the ameliorating measures in formulating and implementing
the feeding trials on truely scientific lines. It was
found necessary to use school children because large
numbers could be used under reasonably controlled conditions.
In this study, the tree lettuce was fed to children at two
levels namely %g and 25g/day and the effect on the
nutritional status was studied over g period of three

months,
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II REVIEW OF LITERATURE

The literature pertaining to this study entitled
*Availability of calcium from tree lettuce on school
children® is reviewed under the following headingss

A, Prevalence of malnutrition among Indian children _z'

B. Nutritional contributions of green leafy
vegetables in school lunch programme

C. Factors influencing calcium absorption and
retention and {

D, Studies on calcium metabolism,

T

In India one third of the total population is comprised
by children of the school age (415 years) (Nutrition, 1973
and Sen and Agarwal,1975). Malnutrition in children is a
global health problem, Most of the children are victimized
by malnutrition due to dietary inadequacy, ignorancé of
basic dietary requirements and also due to gastroeenteritis
and respiratory tract infections(Brown, 1975; Dutta gt al,
1975 and Prasannappa gt al, 1976).

Protein « Calorie malnutrition is the most important
nutritional problem among preschool and school children of
developing countries (Chandrasekhara, 1974 and Nutrition
Reviews, 1974).

Gopalan. (1973,1974) points out that in India today the

incidence of severe forms of proteinecalorie malnutrition



like kwashiocrkor and marasmus, has been estimated to be
around one to two per cent of all children between the
ages of one and five years, This figure does not include
the mild and moderate forms of malnutrition, Nearly

80 per cent of preschool children are suffering from

I and II degree malnutrition, Apart from protein -
calorie malnutrition, vitamin A deficiency is another major
nutritional problem contributing to a considerable amount
of preventable blindness., It is believed that in India
alone, there may be over one million cases of blindness
arising from vitamin A deficiency (Gopalan, 1975). Anemia
due to iron deficiency ranks as the next nutritional

deficiency.

Nutritional surveys carried out in various states by
the IC'R revealed that the diet of the vulnerable groups
is far from adequscy in calorles and protective foods., A
study conducted at Kanpur revealed that 30.2 per cent of
children of one to three years had nutritional disorders,
such as, anemia (18.3%), vitamin deficiency (9.9%) and
proteinecalorie malnutrition (1.,9%). More than 80 per cent
of nutritional disorders wore in children of six months to
four years of age. The morbidity pattern in the children
included gastro-intestinal digsorders (59.4%), respiratory
diseases(29.2%), eruptive fevers (9.9%) and nutritional
disorders (1.4%) (Mathur gt al, 1974).



Gupta et al.(1973) surveyed local children in Delhi
and observed that the mesn values of weight, length,
circumference of the chest, midearm « circumference and
mideleg girth were less in proteinecalorie malnutrition
and the head circumference was affected egually in rural
groups of children suffering from chronic severe

malnutrition,

The incidence of malnutrition among selected
preschool children in Coimbatore city was studied by
Easwaran et al (1976) and it was found that nutritlonal
disorders were considerably high in the morbidity pattern
(49,16%). Among the nutritional disorders besides protein-
calories malnutrition (39.71%), severe marasmus (35.93%),
angular stomatitis (21.92%), bowlegs and knock knees(0.73%)

were common,

B. Mutritional coniributions of Qreanlsafy vegetables in
school Junch proorammest

Children are our most valuable possessions, a trust
and investment {Prokopec, 1964). The school going age is
a dynamic perlod of physical growth and development when
the child undergoes mental, emotional and social changes

(Easwaran et al, 1973).

In fostering the children's physical, mental, soclal
and emotional growth, and in helping them to attain maximum



stature, good nutrition is ef great importance (Devadas

and Kasipandya Devi, 1970). The free school meal

programme in several parts of Indla is one of the important
measures undertaken to overcome malnutrition among

primary school children (Gopalan,1970)., UNICEF and CARE

. are augmenting the school lunch programme through the
contributions of protective foods, such as salad oil, corn
soya milk (CSM) and bulgar wheat, However food aid from

foroign sources cannot be eternal,

Since green leafy vegetables are rlqh sources of
calcium, iron and vitamins, they can be included regularly
in the school lunch to overcome the common mineral and

vitamin deficlencles.

Green leafy vegetables are essential for the maine
tenance of normal health and have been acclaimed as basic
component of adequate diets all over the world, particularly
for their vitamin and mineral content (Kamalanathan et al, 1974).
Rajalakshmi and Ramakrishnan (1967) in their study
furnigshed clear cut evidences that the leafy vegetables are
plentifully available in India and these can provide the
required amount of vitamin A, calcium and riboflavin., It
has been shown by many workers that on a dfy weight basis,
some commanly consumed vegetables are superior to milk as
gross sources of calcium (Oke, 1969). ICMR (1974) has
reported that the calcium content of leafy vegetables vary
from 20 mg/100 g in bamboo tender shoots tz 3,095 mg/100 g

in rape leaves.



While in temperate reglions, leafy « vegetables
are often considcred as a prestige food which should
appear daily in the menu, the opposite is observed in
many tropical regions. According to Oomen (1967) green
leaves are essentially cheap food sources and are rightly
appreclated as a useful food in the temperate and
industrialised countries.

The effect of supplementing the diet with iron
from amaranthus in comparison with iron tonic was studiled
by Nirmala gt al.(1968) and the results revealed that the
haemoglobin and iV values of the group fed amaranthus
were higher than those of the group fed oral iron tonic,

Devadas et al (1973) studied the availability of
iron from green leafy vegetsbles compared to iron tablets
and iron tonic for school children and proclaimed that the
children fed amaranthus received considerable quantities
of calcium and vitamin C than the other groups. The mean
increase in height, weight and haemoglobin level of children
of the group which received amaranthus was greater than
the groups supplemented with iron supplements and the.non
school lunch children. The effect of su;;plementation of a
rural school lunch programme with green leafy vegetables
on the nutritional status of chlildren was studied by
Devadas et al(1969) and the results revealed that the
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increases observed in the mean heights, welghtsand blood
haemoglobin levels of children were significantly greater
than the comparable controls,

By supplementing amaranthus cooked in iron utensils
to school lunch programme, the blood haemoglobin levels of
children were found to be greater than that of 'a group

supplemented with greens cooked in aluminimm utensils(Devadas etal1973),

Thus green leafy wegetables can be regarded as an
efficient supplement in feeding programmes for children,
It has the additlional advantages of being easily available

at little or no cost.

Studles have been carried out by several workers on
the absorption and retention of calcium in human subjects.
Absorption 1s an active process which depends on an adequate
supply of oxygen and of glucose or other source of energy
(Davidson gt al, 1973). The absorption and retention of
calcium will depend on (1) calcium intake (2) presence of
interfering substances and (3) presence of vitamin D, On
normal intake of calcium, the retention varies‘widoly from
10 to 30 per cent depending on the diet and the age of the
subjects (Swaminathan,1974),
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1. Substances assisting absoxptioni

a. Proteln:
According to Hegsted (1971), in most studies with

both calcium and protein, the finding has been that the
larger the intake, the larger the amount retained,

Chu et al (1975) stated that the calcium and protein
intakes had no effect on the calcium loss. ' They also
proved that increase in urinary calcium is not likely to
result solely from enhancement of intestinal calcium
absorption and that increased glomerular filtration with
possible inhibition of renal tubular reabsorption of calcium
may be an additional mechanism responsible for the calciuretic
effect during high protein intake.

Anand and Linkswiler (1974) studied the effect of
level of protein intake on urinary and faecal calcium and
calcium balance on nine young adult human males and revealed
the fact that the urinary calcium increased significantly with
each increase in protein intake and faecal calcium was not
significantly affected by the protein intakg. Reports of
earlier studies from the laboratory of Department of
Nutritional Sciences, University of wWisconsin, Madison,
indicate that an increase in protein intake from 47 g to
142 g daily has an adverse effect on calcium retention,

This is in confirmity with the studies carried out by

't



Margen gt 3l (1974) and Schewartz gt al (1973). On the
contrary, Adolph and Chen (1932), Kunnerth and Pittman(1939),
Mccance gt al (1942) and Hegsted gt al (1992) showed that
calcium retention was improved with higher protein intake.
Bell gt al (1973) explained that increased excretion of
c;lciun in urine seen under conditions of high protein intake
was due to a2 shift in the route of excretion of endogenous
calcium from the faeces to the urine and to an increase in
absorption of dietary calcium, He concluded that high
proteln diet had no effect on bone resorption when calcium
and phosphorus intakes were adequate.

Johnson gt al (1970) found that young adult males
given 1400 mg calcium daily retalned calcium at a protein
intake of 47 g but showed a negative calcium balance with a
mean loss of 84 mg calcium at a protein intake of 142 Ge
Walker and Linkswiler (1972) reported that young men given
800 mg calclum retained on an average of 12 and 1 mg calcium
respectively, when consuming 47 and 95 g protein, but lost

85 mg calcium when consuming 142 g proteis, '

Results of these two studies and the study by Anand and
Linkswiler (1974) showed that high protein intakes had a

deterimental effect on calcium retention in young adult males,



b, Vitamin Dg

Vitamin D improves the utilization of calcium for
calcification and other purposes. There is convinecing
evidence that vitamin D promotes calcium absorption, there
is also some evidence that it may act on the calcification
process itself. The function of vitamin D appears to
modilise the calcifying elements, so as to make possible
their most efficient utilization even when the dietary
supply 1s lnadequate or disproportionate. It has been shown
that even if calcium and phorphorus are fed in proper
quantity and gatio, the absence of vitamin D, especially
if prolonged, will result in poorer calcification of the
~ bones than obtalned under normal conditions (Oser, 1976).

The effect of vitamin D supplementation on calcium
absorption in children was studied by Pereira and Reddy (1971)
and they concluded that under the existing dietary and
environmental conditions, supplementation of 200 I.U, of
dietary vitamin D might be necessary to promote maximal
calcium absorption and that raising the intake beyond that
level did not have any additional benefit., It was however
possible to achieve maximum calcium retention with amounts
less than 200 I,U.daily. They also observed that when the
level of vitamin D was ralsed to 400 I,U, there was no

further increase in absorption.



The form of Qitamin D3 cholecalciferol, which may
be most blologically active as concerns the transport and
mobilization of calcium is increasingly documented to be the
125 dihydroxy metabolite. This compound results from
hydroxylation in kidney of the 25 « hydroxy intermediate,
which 1s the major circulating cholecalciferol metabolite
formed in liver. More recent work has confirmed this
involvement with intestinal calcium transport and additionally
suggests that the 1,25 dihydroxy metabolite is responsible
for bone calcium mobilization. (Nutrition Reviews, 1973),

Not all the calcium present in 2z foodstuff is available
as there are substances wvhich render calcium unavailable,
The chief, amongst these are

a. Phytic and

b. Oxalic acid

¢. Fiber (cellulose) and

d, Fats and fattyacids

a., Phytic acid:

Phytic acid is inositol hexaphosphate; it is the most
common substance present in the edible plants which interferes
with the calcium and phosphorus metabolism. It reduces the
absorption of minerals from the intestipal tract. The per

cent of total phosphorus occuring as phytate-phosphorus



varies considerably in different virieties and strains
of edible plants (Nutrition Reviews, 1955 and Phadnis and
Sohonle, 1974).

Numerous short-term experiments in man and in
animals have demonstrated that the administration of
phytic acid or materials high in phytic acid, may adversely
affect calcium absorption (Harris, 195%), '

Congumption of large amounts of high extraction
flour has been shown to reduce calcium absorption in human
volunteers (Nutrition Reviews, 1973 and Reinhold et al, 1973).

Many workers have demonstrated and studied the
antinutritional effect of phytic acid, According to them
phytic acid lowers the avallability of calcium and phosphorus
in the diet and deficiency of calcium and phosphorus has
been reported to result in changes in the structure of bones
(Gaster gt al.1967 and Phadnis and Schonie, 1974),

These findings have been demonstrated in populations
consuming large amounts of whole grain or largely milled
cercals and other vegetable products, the phytic acid of
: which theoretically should precipitate all dietary calcium,.
In almost all such populations a habitually low calcium
intake is the rule. Although exceedingly large amounts of
phytic acid which have been used theoretically to inhibit



calcium absorption may effectively do so for a time, there
is little reason to believe that calcium requirements are
influenced by the amount of this acid commonly encountered
in human diets (FAO/WHO, 1962). '

N1

"Dikshtt and Ranganathan (1958) Devadas gt al (1964)
and Gaster ¢t al (1967) Gupta and Appanna (1967) and Sumners
et al (1967). have reported similar findings with diets
either low in calcium and phosphorus or with low amounts of
avallable calcium and phosphorus due to the presenge of
phytic acid in the diet., The role of phytate as a
possible casual agent in the development of rickets and
osteomalacia in populations that consume large amounts of
whole=grain cereals, as in India, Pakistan and the Middle
East 1s not yet clear (Nutrition Reviews, 1973),

Thus the available evidence indicates that (1) phytic
acid or soluble salts of phytlc acid interfere with the
absorption of calcium and iron from the intestinal tract of
man, (2) the phytate compuunds in foods interfere with calcium
and iron absorption to lesser extents and (3) the effects of
food phytates upon calcium absorption can be masked, partially
or completely by the presence of an abundance of (a) calcium
or (b) vitamin D in the diet, or (¢) by adjustment of the
calcium: phosphorus ratio of the diet.

(b) Oxalic acids

It has been shown by many workers that on a dry

weight basis sgome commonly consumed vegetables are superior
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to milk as gross sources of calcium (Sur and Subralimanyan,
1949 and Oke, 1969). The acid which is studied most as

a criterion for ascertaining the quality of vegetables

1s oxalic acid. (Oke, 1969). This is due to the
discovery that oxalic acid forms an insoluble salt with
calcium which is of great importance in our diet, thereby
lowering the nutritive value by making the calcium
unavilable. Experimental studies in animals have shown
that oxalates in larger amounts may interfere with calcium

absorption (FAO/#HO, 19623 Oke, 1969 and Pilac et al,1971),

vhen a mixture of food is usually undergeing digestion
Qt any time the total oxalate in relation to the total
calcium must be considered. Vegetables containing a calcium
to oxalate ratio below 2 should not be considered advisable
as sources of calcium in the diet (Pilac et al, 1971),

Thomas (1965) re:orted that the commonly consumed
greens in Tamil Nadu like Kuppakeerai, Mukkarettai Keerai,
Kuppamani Keeral, Punnakku Keeral, Nerringl Keer! and

Vellakeeral contain larger amounts of oxalates.

Thomas (1965) estimated the oxalic acid and calcium
content of seven edible greens and the avallability of calcium
on albino rats, On ralsing the calciun content of the diet
to about 350 mg, he found that Mukkarettil Keerai could be

suggested as a good source of calcium when compared to



Kuppakeeral inspite of similar amounts of calcium and

oxalate in the two greens.

Leafy greens belonging to the "goose foot® family
(Chenopodiaceae) like spinach,swiss chard or sea kale beet,
are good sources of calcium; however, they contaln oxalic
acid (Kohman 1931).

Feeding experiments conducted by pilac gt al (1971)
on rats gave some revealing and interesting aspects, When
a certain plant (Amaranthus gangeticus) was included in
the diet of rats, there was fallure of growth, decalcification
and death of creatures, but when rice was given as supplement
in the diet, good growth and survival was followed, Calcium
was apparently rendered available atleast in part by the
addition of rice. The incidence of oxaluria has also been

closely associated with the ingestion of oxalate-rich foods.

(C) Eiberg

Fiber (cellulose) in addition to phytic acid exerts
influence on the absorption of calcium by the intestine,
Several workers have studied the effect of’dietary fiber
on calcium absorption. The excess of cellulose in the diet
seems to inhibit the absorption of calcium, perhaps as a
;esult of retention of calcium by their fibers (Phadnis and
Sohonie, 1974).
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Bloom (1930) and adolph gt al (1938) ‘observed that
the addition of 8,0 per cent of fiber to a diet of normal
calcium content had no effect upon calcium retention in
rats. Ascham {1931) stated that bulk might increase
faecal calcium loss in dogs, Duckworth and Godden (1941)
observed that increasing the fiber content of the diet of
rats to a level as high as 30 per cent had nc influence
on calcium retention but reduced the nitrogen balance,
Morgan (1934) studying adult human subjectslconsuming
coarsely ground cellulose added to a stanc ard diet found
that calcium balance tended to become negative during the
higher fiber period,

;11 these obervations clearly indicate that factors
like phytic scid and fiber accompanying dietary constituents
such as carbohydrates and minerals exert influence on the
calcium and phosphorus metabolism of the body and on the
structure of bones (:hadnis and Sohonie, 1&14), '

(d) Fats and fatt ids: :

The problem of the influence of dietary fat on
calcium utilisation has received considerable attention

with some what conflicting results (Basu and Nath,1946);

c -



Yacowitz (1962) and Yacowitz et al (1967) furnished
clearcut evidence that moderate levels of fat in the diet
f avoured the utilization of calcium,

Now the view has changed that the presence of moderate
levels of fat in the diet interferes with calcium
absorption, Fatty acids form insoluble soaps with calcium,
Thus fatty acids, and particularly those that are saturated,
may carry into the faeces significant amounts of calcium,
They may also carry with them fat souble vitamin D, Hence
it is understandable how patients with chronic intestinal
disorders leading to increased fat in faeces may develop
osteomalacla after a time (Davidson gt al.1973 and
Swaminathan, 1974 ),

Calelums Phosphorus xatlo in the diet:

Diets having distorted Calciums Phosphorus ratios
have been used to produce experimental rickets in animals,
Numerous studles, particularly in vitamin D deficient
animals, have shown the Ca/p ratio to be one of the deter-
minants in assessing calclum requirements. The dlets of man
especially those consisting largely of vegetable products,
almost invariably contain much more phosphorus than calcium
(FAO/YHO 1962), Further more there is a convincing
evidence, obtained with human subjects, which demonstrated

that the addition of.a rather large amount of phosphate to
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the diet had~a1most no effect on calcium absorption
(Malm, 1958). Hence, the FAO/WHO Group (1962) felt that
variations in the Ca/p ratio in habitual diets are of no
practical significance in human nutrition,

Obgervations on several species have indicated that
during rapid growth and calcification, the diet should
have a calcium;phosphorus ratio 1l:1 (Swaminathan, 1974),

D. Studlies on calcium metabolismg

The normal adult body contains some 1200 g calcium,
99 ner cent of which is present in the skeleton and this
constitutes 1.5 to 2 per cent of the body weight (Best
and Taylor, 1967 and Cuthubertson, 1973).

The ileum responds to dietary calcium; high levels
induce an increase in movement from lumen to blood

producing net absorption (Nutrition Reviews, 1975).

In a study with four apparently healthy men on
calcium lactate and calcium sulphate supplementation,
Nageswar 11200 and Narasingaraoo (1974) concluded that
excretion of calcium through faeces and urine varied widely
in the same subject on different days, This finding is in
confirmity with the report of other Indian workers (Basu et al.
1939 and Shenolikar, 1969).



Favourable effects of flouride, such as alleviation
of bone paln, increase in bone density and improvement of
the calcium balance have been reported by Spencer gt al(1969).
Prolonged administration of large amounts of flouride has
been reported to lead to increased retention of calcium
as stated by Rich and Ensinck (1961), Bernstein et a) (1963),
Rich gt al (1964) and Bernstein gt al (1969). In other
investigations, however, this effect could not be demonstrated
after either short-time (Higgins et al 1965) or long-term
administration of large amounts of sodium flouride (Rose,
1965) «

Walker gt al (1975) suggested, that of the calcium
ingested, some is absorbed and some is excreted in the faeces,
Some of the calcium absorbed is retained for ntilization,
some is secreted into the bowel (endogenous loss) and some
is excreted in the urine. Observations by McCance and
Widdowson (1942) and Knapp (1974) demonstrated that an
increase in calcium intake is followed by an increase in the

amount excreted in the urine.

Studies carried out by Rajalakshmi et al (1973) on
the effects of supplements varying in carotene and calcium
content on the physical, blochemical and skeietal status
of preschool children furnished clear cut evidence that there

~ere increments in height, weight and skeletal status as
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judged by bone age and cortical thickness of the second
metacarpel bone and femur, and biochemical statue s
judged by the composition of blood (haemoglobin),serum
(protein, albumin and vitamin A) and urine (creatine,
nitrogen, thiamine, riboflavin and vitamin C),

Keith et al (1974) in their study on increased
urinary oxalate, calcium and iron in rats fed high dietary
levels of vitamin C and iron revealed that vitamin C
(20 mg/kg) and iron (250 mg/kg) reduced serum calcium
concentration slightly and did no£ increase kidney calcium
concentration significantly inspite of increased urinary

oxalate concentration,

while the role of the parathyroid hormone in
requlating blood calcium levels has been known for a
relatively long time, the possible role of other hormonal
factors in calcium metabolism has remained largely unknown,
A publication by Dallemagne (1930) dealing with the
influence of estrone on the calcium metabolism of the
' pigeon indicated that female sex hormones have a determining
effect.

Braithwaite (1974) observed that animals receiving
an adequate calcium intake absorbed sufficient calcium to
supply thelr maintenance requirements only; a change in

intake resulted in a corresponding change in the rate of



abserption and disturbed this balance, The new rate of
absorption appeared to be determined by the calcium
concentration of the new diet and the efficlency of absorption
of calcium from the previous diet. ‘hen a lack of available
calcium in the diet made it impogsible for them to meet
their maintenance recuirements, they slowly reduced faecal
endogenous excretion of calcium, The results indicated

that calcium resorption from bone is the major process
involved in calcium homeostasis and that calcium absorption
is rceponsible for the long term control of calcium
metabolism and in particular for maintaining body calcium

reserves,

In a calcium balance study conducted by Begum and
Pereira (1969) on preschool children, the results showed that
mean dietary calcium intake was 204.0 mg per child per day
with average absorption being 103 0 mg, the faecal excretion
as 101.4 mg, the loss in the urine«26,2 mg with mean
retention of 76.6 mg or 38.5 per cent of intake.

Venkatachalam (1971) in his study proclaimed that
the calclum supplementation had not provided the children
with any benefit with respect to growth because the calories
and protein intakeswere low. Calclum balance studies
conducted by Malm(1958) had shown that as a general rule,
larger amounts of calcium are retained on high calcium intakes

within 1imits, According to Goto and Sawamura (1970)



in youngstage, excess supply of calcium lactate caused a
fall in food intake and welght gain,

Excess calcium in the sheep decreased the absorption
of fat: with an extremely high excretion of combined fatty
acid, U"hen the dietary calcium to phosphorus ratio is
high, excretion of combined fatty acid was increased in
both young and adult rats (Goto and Sugal, 1973).

Fleischmen gt al (1966) reported that the excess
calcium in dlet depresses the absorption of fat in mature
rats and the desparity of amounts of faecal liquid between
young and adult rats might be due to the aging of animals,

High calcium intake has been reported to cause serum
cholesterol lovering both in animals and in humans
(vitale gt al,19%9, and lacono et al, 1960), Fleishman et al
(1966) in matched groups of rats fed beef tallow, observed
that an increase of calcium in the diet caused a decrease
of serum and concluded that the effect was mediated in
part by inercased excretion of bile acids and lipids in the

faeces,

Calcium was hypolipemic with either corr oil or
cocoa butter, but the ecffects were more pronounced in the

presence of saturated fat (Yacowitz gt al.1967).

In a study by Iacono (1974) and Thornton (1974) it
was found that plasma cholesterol and phospholipid were




elevated in the group fed the calcium deficient diets,
whereas plasma triglycerides appeared to be unaffected by

the level of calcium fed. When the rabbits were fed the
high calcium diet, heart, skeletal muscle and adrenal gland
showed significant decreases in free cholesterol, but

only skeletal muscle showed a decrease in total phospholipids
with high calcium supplementation. Increase in the levels

of triglycerides of kidney, skeletal muscle and adrenal
glands were observed with increasing increments of

dietary calcium,

Calcium requixementsi

The FAO/WHO Expert group on calcium requirements (1962)
reveal that the volume and total content of calcium ig
determined genetically, but is influesnced by nutrition and by
physicel activity., However, one can postulate that additional
calcium over and above the actugl requirement will not lead
to significant further bone formation, There is a good
agrcement between the recommended allowances of calcium by
PAO/WHO Expert Group (1962) and the ICMR Nutrition Expert
Group (1968). The ICMR Nutritlon Expert (1968) had
recommended the following allowances for Indians.

Children 1«12 years - e 0.4=05 g..

Adolescents 13-15 years v 0.6-07 g,
16-18 years e 0,5-0.6 g.

Adult man and woman . «0,4-05.g

Pregnancy and lectation - 1.0 g.
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Thus in the absence of precise information on
calcium requirement of different groups a range of

allowance has been suggested (Swaminathan, 1974),



III. EXPERIMENTAL PROCEDURE

The experimental procedure for the present investie
gation on "Avallability of calcium from tree lettuce on

school children® consisted of the following steps:

A, Selection and analysis of the leaves

B. Selection of the children

C. Feeding the children

D, Assessment of the nutritional status of children and
E., Calcium balance study

A. Selectlion and analveis of the leavesi

The leaves selected for the experiment were Tree
lettuce which is botanically known as 'Fisonia alba', These
leaves are loose and do not form heads (Figures 1 and 2).
It 1is a rich source of minerals especially calcium and
vitamins and consumed when young and tender, The school
garden supplied adequate quantities of these leaves and the
same leaves were used throughout the experimental period,
Since 2maraneth tender (Amggagthué gangeticus) 4is being used
continuously in the school meals, the same was selected for
comparison agalnst tree lettuce. Studies by Devadas et sl
(1969) have shown that amaranthus can be supplemented to the
diets of children for minerals and vitamins such as calcium,
iron and vitemin A, The required quantities of amaranthus were
obtained from the school garden itself,
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FIGURE.]
TREE LETTUCE ~t'Pisonia alba’

 FIGURE -2
TREE LETTUCE - A GROWING TREE
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As a first step in this study both tree lettuce
and amaranthus leaves were analysed for the following

nutrients,

1. Protein
2, Calcium
: 3, Iron
4, Phosgphorus
9. Ascorbic acid and

6. B-carotene.

All these nutrients were andilysed according to the
procedures developed by the National Institute of
Nutrition (NINM,1971).

Analysing a vegeteble for calcium includes determin-
ation of other factors which ascertain the quality of
vegetables (Oke,1969). Hence oxalic acid and phytic acid,
the factors which interfere calcium absorption were algo

analysed for their contents,

The nutrient content, oxalic acid and phytic acid
contents of the tree lettuce and amaranthus as analysed are

given in Table.l.

— = = - — 2 = -

—E = e —r—— o e =
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TABLE. 1
PERCENTAGE NUTRIENT, OXALIC ACID AND PHYTIC ACID CONTENTS
F TREE LETTUCE AND AMARANTHUS,

....’----"-.-'ﬁ'--.‘-"-‘--..

Nuantity present

S.No. Factor analysed B I e L
Tree lettuce Amaranthus
1. Protein (g) 4.4 - 3.9
2. Calcium (mg) 3204.0 . 597.0
3. Iron (mg) 17.% 25.4
4, Phosphorus (mg) 59.6 86.8
5. p-Carotenefg) 1250.0 | $480,0
6. Ascorbic acid (mg) 76.4 90.6
7. Oxalic acid (mg) 213.8 120,0
8. Phytic acid (mg) 40.0 10.0

- W W W W W W A W 9 W G B W e W W S W @ B W W e " ® P " % e

Both the leaves were found to be very rich in
minerals and vitamins, The calcium content of tree lettuce
was 3204 mg/100g whereas the calcium con:ent of amaranthus
was only 597 mg/100g. Though amaranthus had lesser
quantity of calcium it was found to contain greater
quantities of iron, phosphorus, B-Carotene and ascorbic
acid. Inspite of a remarkable calcium content, the tree

lettuce was found to contain only 213.8 mg. of oxallc
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acid and 40 mg of phytic acid, However these values

are greater than these of amaranthus.

B. Selaction of the childrent

It was found convenient to use elementary school
children for the study because large numbers could be
used under reasonably controlled conditions, Moreover,
large numbers were needed because of the known wide range
of individual metabolic response to calcium (walker ot al
1975).

For carrying out the feeding trial on children,
Sri, Avinashilingam Basic school was selected, Since a
well organised school lunch feeding programme is being
carriedout in this school, it facilitated the feeding
of the leafy vegetables for a longer period of time to
study the impact on children,

Among the 105 children of five to eleven years old,
who were participating in the feeding programme, 7%
children of below ten years were selected and initially
height, weight and blood haemoglobin levels of all the
children were recorded, Based on their mean initlal age,
height, weight, blood haemoglobin level and socio economic
status, they were divided into three comparable groups of




33

25 children each, They were designated as groups A,B
and C, and a comparable group of children who were not
participating in the school lunch programme were also
selected to serve as controls and they were designated

as group D,

1

The mean initial height, weight and blood
haamoglobin levels of the selected groups is presented in
Table 1I,

TABLE II
MIAN INITIAL HEIGHT, WEIGHT AND BLOOD HAEMOGLOBIN LEVELS
OF THE SELECTED GROUPS OF CHILDREN

“'-“--ﬂ”‘-“‘.-."Q“-‘--’O-.

S.No, Groups Mean height Mean Weight Mean blood
in cm in kg haemoglobin
level g/
100 ml

. @ TGO P B GG ® TR E PP O R e D e ™ e ew

1. A 111.06 & 6,38 16,59 * 2,19 9,12 + 0.75
2. B 110,85 & 7.26 16.52 + 2,93 8.93 + 0.69
3. c 111,20 #+ 5.75 16,57 & 2,08  8.79 + 0.63
a, D 111,20 % 7.06 16,62 + 3.19 8.99 + 0,75

®» W W B W W P B B T O G P W W B W o™

r-.'“.

The children in aroup A were fed with the normal
school lunch, The normal school lunch provided 25 g of

amaranthus in the form of a kootu, which is a preparation



of dhal and greens, Twenty five grams of amaranthus
supplied 150 mg of calcium per child per day apart from
8l.1 mg of calcium supplied from other ingredients of the

school menu, .

The tree lettuce contains 3,204 mg of calcium per
100 g. In order to supply 150 mg of calcium through
tree lettuce to children in group B, they were fed with
% g of the leaves in the form of kootu. In group C, a
greater quantity of the tree lettuce,namely 25 g was fed
daily per child., Twenty five grams of the tree lettuce
supplied 801 mg of calcium., - In this group, the utilisation
of calcium was tested at higher levels of feeding as done
by Anand and Linkswiler (1974). The control group children

were not fed with any supplementation,

C. Eseding the childrens
The feeding trial carried out for children is discussea
under the following headss
1. Testing the acceptability of the greens preparation
2. Planning the school lunch menu

3, Nutritive value and cost of the foods included in
the menu an@

4, Conducting the programme.

1. Testing the acceptobility of the areens preparations

Before introducing the tree lettuce preparation in the
school lunch, the acceptability of the greens was tested on



children in the form.the usual school lunch preparation
namely kootu (a preparation of dhal and greens). Recipes
were prepared using amaranthus as a standard, Two
variations were prepared without altering tga quantities
of other ingredients used for amaranthus kootu, one
with 25 g of leaves and the other with % g of leaves per '
serving and were tested on children for their aeceptabilltyi
Both the preparations were found to be equally acceptable,

when compared with the preparation of amaranthus kootu,

4
The school lunch is served for six days a week. Thel
normal school lunch menu was follwed during the experimental

perlod. The weekly school lunch menu planned for the
children is presented in Table III,

TABLE II1
AEEKLY SCHOOL LUNCH MENU

RV -

- A W B W W P W W B BN B W B W N m W W W W W W W Ww

Days Menu ‘

.“-Q----ﬂﬂbﬁﬁ--C--.‘-Q.n--q‘-|

Mond ay Bulgar wheat Uppuma, Greens

‘Jednesday and Kootu, Tomato/gapaya.csu L
Friday Payasgam, [
Tuesday Tamarind rice, Greens Kootu,

Tomato/Papaya,C5M Payasam,

Thursday Dhal rice, fOreens Kootu,
Tomato/Papaya,CSM Payasam,

Saturday Lime rice, Greens Kootu,
Tomato/Papaya,CS¥ Payasam,

- W B W O G @ G WG W PP D G W W W W WS NG WSO e W



Enough variation was introduced in scheol lunch
menu to avoild monotony. As the table 1nd%fates. on |
alternate days bulgar wheat uppuma was fed to children
as the cereal preparation. Corn Soya Milk (CSM)beverage |

in the form of a sweet drink was served to children on all

the days. Both CSM and bulgar wheat are free food
supplies from CARE,

The nutdtive value of the school lunch menu in

comparison with one third recommended dally allowance
of the Indian Council of Medical Research is given in
Table 1V,

’
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1

Though it was planned to provide one third of the

recommened dletary allowances through school lunch I

programme, all the three groups were supplied with the
nutrients - greater than the recommended daily allowances
of the ICMR (1974).

The Table V presents the quantity of food stuffs
used in the lunch along with the cost of the meal per

|

day. .
TABLE V .
* |
L COST AND QUANTITY OF FOODSTUFFS USED PER
S CHILD PER DAY [
...‘..‘ﬁ---"-'."‘-“.“.”‘-ﬂ-.
S.No, Food item Quantity Cost Per meal

(g) (Paise) l

® @ @ W W W e e W e WG W W W W W R W W W WD W W B P WM O W =

1. Rice or 17.4 (8.7)*

Bulgar wheat 100 Free from CARE

2, Redgram dhal 10 2,2 {
3. Greens 2% Free from GARBEN

a4, CSM 10 Free from CARE

8. Jaggery 10 2,7 i
6., Papaya or 20 Free from garden

Tomato. . 1.4

7. 01l 8 Free from CARE

ot |

- D WE w G0 G W b T W A e B D -‘:-‘--..“‘“-- .

Total ' 15,0 }

.Q---“--“--Q"----"Q-‘““.-.-

* Rice was included only on alternate days,

]
]
§ 1
I
i
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t .*
The cost was calculated according to the price
levels in Coimbatore Super Market during January 1977, Th;
cost of foods included in school menu was 15.0 paise per
day per child,

4., Conducting the programme:
For all the recipes included in the school lunch,

the raw ingredients used and the cooked preparations were
weighed and standardised in terms of volumes at the

|

beginning of the experiment. These measurements were
followed strictly throughout the experimental period. The

individual servings were also standardised in terms of "spoons

\

and cups to facilitate the serving.

The three experimental groups were seated separately |
for the lunch, For those, who needed more food, the cereal
preparation alone was s-rved in the second and su;sequent
servings. Extra servings, plate waste and the daily |
attendence were also recorded regularly, The study was |
carried out for the period of three months, I

D. A

The need for any active nutrition programmes and their
efficacy -, can only be determined by periodic assessment
of the nutritional status of the children and people

1




40 |

(Davidson et al 1973). Hence in this investigation

nutritional status of children was assessed usings

1. Anthropometric measurements
2. Biochemical assessment and

3, Clinical examination, l
1. Anthropometric measurementst

|
As the physical dimensions of the body are much l
influenced by nutrition, particularly in rapidly growing
period of childhood (Jelliffe,1966), selected body l
measurements such as height snd weight were used in this
study to obtain valuable information on the nutritlonal
status of children,

a, Helghts

The helght of all the children were recorded monthly

using a vertical measuring rod fixed with a scale to the L fﬁfp

nearest 0.1 cm, following all the precautions strictly as

listed by Jelliffe (1966 )¢ | s, g

b. leights

The weights of the children were also recorded
monthly using a beam balance, to the noaregt 0.05 kg.
following precautions as given by Jelliffe(1966). |
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2, B mic agsessment s

a. Blood hasmoglobin levelst

Blood was collected by the finger prick method and
analysed for haemoglobin by the cyanmethaemoglobin method |
(varley,1975). The values were recorded for all the

children every month,

b. Uripary calciumi !
According to Walker et al (1975), urinary calcium
expressed as percentage of calcium intake varies inverselyl
with calcium inteke per kg body weight and is an important
test in measuring the calcium absorption, Accordingly
it was thought that in a group of persons under standard
conditions, the mean excretion of calclum in the urine over
a period of say, six hours after the consumption of a |
given intake of leaves might conceivably serve as a valuable

index of the amount of calcium absorbed within that period.

| Hence in this investigatlion, urine was collected
immecdiately after the consumption of leaves., Flve children
in the age group of five to seven years from all the three -
experimental and the control groups were selected randomly.
Endeavours were made to carryout all studies at the same
time of the day in view of the diurnal rhythm of urinary
calcium excretion. The selected children in all the

groups wers asked to empty the bladders immediately before )
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the experiment apd the collections were made exactly two, !
four and six hours after feeding as per the procedure ‘
followed by Rajalakshmi gt al (1973) and Walker et al (1975).
Care was taken to keep pupils under constant surveillance to
avold less of any portion of urine sample. The combined
volume of the three two hourly samples for each indlviaduall
was measured, presgerved with toluene and stored in a
refrigerator. One ml, of the urine was analysed in
duplicate for its calcium content using the proceedure of |

Hooper (1956). |

3. Clinlcal examinations

Skeletal maturity is a measure of ho; far the bones ,
of an area have progressed towards maturity, not in size, 1
but in shape and their relative positions one to another m
and could be assessed in calcium supplementation studies .
(Rajalakshmi gt al 1073). Since a study by Devadas et al(1977)
has revealed that. the radiolegical studies are of no
effect in shorteterm feeding trials, clinical examination
alone was carried out for .11 the children before and after
the feeding programme using the ICMR clinical assessment l
schedule with the help of a physiclan, This was mainly !
carried out to ensure that all the children under study %

were normal during the experimental period,.

_——— e e
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B.Calcium balance studys :
Begum and Pereira (1969) stated that the amount of .
calcium needed to attain calcium equilibrium or a positive
calcium balance could be determined by balance studies.
Hence a three day balance study was also carried out to
determine the utilisation of calcium from leaves on children,
The pertinent procedure for carrying out the balance study
congisted of

1. Selection of subjects
2, Gollection and analysis of food samples and

3. Collection and analysis of urine and faeces samples.

1. Selection of subjectss i
|
All the children selected for the urinary calcium analysi

were selected for the calcium balance study. The investigator

explained the purpose of the study to children and created a |
rapport with family members of all the children in order to get
good co-operation for the study.

’ Y

2, Collection and analysis of food sampless }
|

I

A food weighment survey was carried out for all the
selected children in order to find out their nutrient :
consumption through home diets. A three day food welghment
survey was carried out as it is reported to be as accurate as
the commonly followed seven day weighment surveys (Tasker gt gf
1967). All the raw ingredients used by the families, the -
cooked food preparations and the foods consumed by the individual
were welghed accurately on all the three days. On—each—of-the |

three-days. On each of the three days, one tenth of food




identical to that consumed by each child was collected for 24
hours, homogenized and analysed for'calcium, phosphorus and total

protein, Calcium content was estimated by permanganate titration
!
of the ashed food, Phosphorus and total protein content were
|

estimated according to the procedure of NIN (1971). The ::
samples were analysed in duplicate for all the three days l

separately. l
3. Collection and analysis of urine and faeces sampless

Urine and faeces samples were collected separately on '

all the three days for all the selected 20 children and preserved

by the methods described by Murthy et al (19%4), |

Stools were homogenised in a waring blender and portions'
were welghed out and ashed, The ash was dissolved in l

econcentrated hydrochloric acid., The calcium content of the

extract was determined by Mccruden's (1912) permanganate

l

titration method and urinary calcium was determined by Hooper's
(1956) micro method as given by Varley (1975). ]

Apparent absorntion of calcium for all the subjects in

the four regimen was calculated using the formula “
. |
Per cent apparent absorption = Intake - Faeca cretion =un 100

n e |

The calcium balance was arrived at using the following
formula as given by Nageswararao and Narasingarao (1974)4 |
Calcium balance = Calcium intake « Urinary calcium +

faecal calcium,



IV RESULTS AND DISCUSSION '

i

b

An attempt was made in the present investigation l

to study the avalilsbility of calcium from iree lettuce on f

school children, The availability of the mineral fro& j~

tree lettuce was studied in comparison wit@ that of

amaranthus. School lunch programme was wsed as a medium

tto carry out this investigatlion as large numbers could 1

be fed under controlled conditions for a longer period
of time. The results obtained after three months of

feeding are discussed under the following headss ‘

A, Food and nutrient intake of children

B. Changes in the nutritional status'of children 1
1, Anthropometric measurements ,
2., Biochemical measurements |
3. Clinical picture E

and C., &bsorption of calcium and calcium balance

A. Eood and nutrient intake of childrent i
The three day welighment survey conducted on selected‘

five children from all the three experimental groups

and the control group threw more light on the types and 1

quantities of foods consumed by the children and the

nutrients derivad.

!
i
Table VI presents the quantities of different foods l
consumed by the four groups of children, .

|

! L
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The children in all the three experimental groups
received adequate quantities of cereals whereas the intake
by the control group children was inadequate. When compared with
the IC'R recommended allowances, the intake of pulses,
green leafy vegetables, other vegetables, milk and fats
and oils wes deficient in all the four groups of children.
It was noted that during the three days of welghment survey,
the children in group C did not receive any green leafy
vegetables except that given in the school lunch, The
children in other groups received some amount of green leafy
vegetables mainly as cabbage through home diets apart from
the leafy vegetable provided through the school lunch,

The mean energy and nutrient intake of the children |
1s given in Table VII, The individual analysed values are
given in Appendix.E.
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Enexqys
It is evident that the diets of all the children

except those in group C were deficlent in calories,
Though the school lunch was planned to provide one third
of the day's calorie requirements, it was found that the
children in groups A, B and C received 42, 45 and 42
percent respectively, of their total calorie intakes
throuch school lunch alonc., This finding is in
confirmity with the reports of Devadas et al (1975) v

on school children. ' q

Rroteint

The analysed values for protein show that the diets l
of the children in the three experimental groups were
adequate in protein content whereas ituas deficient in the
dietaries of the control group children. This is malnly
because of the lowest consumption of cereals, pulses and
milk by the control group children when compared with the
other three groups.

lnerals:
Since the school lunch provided considerable quantities
!
of calcium, none of the experimentsl children showed
deficliency in the intake of calcium whereas the children
of group D consumed only 273 mg of calcium as against the
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recommended allowance of 400 to 500 mg. Of all the
four groups, children belonged to group C éonsumﬁd the
highest quantity of calcium which was 1,199 mg/day,

As Swaminathan {1974) pointed out the Optimai
€asP ratio for infants and children 1e 13l and NRC, U.5.A
(1968) has recommended an allowance for phosphorus equal
to that of calcium for all the age groupanxcepting
infants., Based on these reports, it was evaluated that
except the children in gro;sp D all the others recelived
adequate quantities of phosphorus through their home and

!

!
The major source of iron for all the children was

aéhool diets,

green leafy vegetables., The iron content of amaranthus was
found to be 25.4‘mg/100 g whereas that of tree lettuce

was 17.4 mg/100g. Since the quantitles of greens fed to
the children through school lunch were controlled on the
basis of their calcium supply, the iron content of the
school lunch diets were 14.0, 8.4 and 11.9 ;g respectively
for groups A, B and C, However none of the children were
deficient. in their iron consumption and even the children
of control group derived 14.4 mg of iron/day.

Yitamins:
Children in the group A recelved the highest quantities

of B-carotene which fulfilled their daily requirement,
The children in the other three groups received inadeqate
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quantitieg of Becarotene namely 604, 1,317 and 735 mg respecti-
vely for groups B, C and D, Except the control group
children,all the others received required quantities of thiamine,
where as all the diets were deficient in riboflavin, VitaminC

requirement was met by only two groups namely, A and C,

B. Changzs An the nutritlonal status of chlldreni
1. Anthropometric measurements:
a. Helghts:
The mean increments in heights of children recorded in

the four groups over a period of three months 1s presented
in Table VIII with the detalls of the individual heights in
Appendix. A,
TABLE VIII
MEAN INCRCASE IN HEIGHTS OF CHILDRENOVER A PERIOD OF THHREE MONTHS,

@ W W W W P e G S O P O O W B W G W G W P WP W S ® O

Heights in cm.

Groups ==-=~-=-ce cene Groups t'value
Initial Final Increase in compared
height
A 111.0646.38 112,82 1.76+0.,24 AVs B 1.404
: 7.20 AVs C 0.079

AVs D 4,333 »»
B 110.85£7.26 111.38 1.9340.277 BVvsC 1.861

“‘;‘0056 BVsD 2,148

c 111.2045.75 112,98 1.78+0,333 CVsD 6,79 #»
+ 5.55
+ 6.87

@ W W ® O W @& » @ WS O G W PO PP e O O ® e v g

*» Significant at one per cent level,
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It was obse-ved that the children in all the four
groups evinced an increase in body heights over a period of
three months, The helght increments observed in the present
investigation are in accordance with the values reported by
ICMR (1972) and Devadas gt al (197%). The heléht increments
of children varied from 1.78 cm in group C receiving 2% g tree
lettuce to 1.24 cm in group D which was the control. The
difference between these two groups waa slqﬁ!.flcant at one
per cent level, Among the two groups fed tree lettuce,
children receiving 2% g tree lettuce recorded higher increase
in height when compared with the group receiving % g tree
lettuce. It can be correlated that the intake of all the
nutrients were greater in group C, resulting in higher
increments in height when compared with the group B. The
difference in the height increments of groups A snd D was
also significant at one per cent level. The other comparisons

between the groups were not statistically significant,

b, weichtss

The mean increments in weights -of children recorded over
a perlod of three months is presented in Table IX with the
d-tails of the individual weights in A-pendix.B.

S —

—_—



TABLE IX b
MEAN INCREASE IN AEIGHTS OF CHILBDREN OVER A PERIOD OF THREE

- ® e ® O © & O W O LS e G O 0 G G B ®® S WO OGO BSOS

Welghts in kg

Groups asaccsccerentcnens Increase Groups ‘t'value
Initial Final in weight come

pared

A 16.5942,19  17,5642.28 0.97+0,11 A Vs B 1,359
AVs C 1,193
AVe D B8.42 »»

B 16.52+2,93 17.3942,99 0.,87+0.13 BvsC 1.42
B Vs D 6,04 #»

c 16.57+2,08 17.93+1.,90 0,96+0.06 CVs D 13,1 ==

D 16.6243.19  17.09+3.15  0,47+0,06

- W @ O P BB W e P P TG O ® TG WS B EG T SO G ® 0P e ® e "

#* Significant at one per cent level.

The results showed that the children in all the four
groups had registered increments in body weights. The rate of
increase in-body welights is similar to the values reported by
Devadas et al(1970,1971,1973 and 1975). The ineremamts recorded
ranged from 0.96 kg for the children in group C to 0.47 kg for
the children in Group D, The weights recorded ;y the control
group children was significantly lower than the groups A, B, and
C at one pc; cent level, Similar trends have b;en reported

by Chandrasekhar and Amirthaweni (1976).



8imilar to the observations in heights, the weight
increments were also very close between the groups A

and C,

2, Blochemical measurementst
a. Bload hagmoglobin levels:

Table X presents the,intfal and final blood
hazmoglobin levels of the children participated in the
study, The individual values are presented in Apperdix.C.

Table X

MEAN INCREASE IN BLOOD HAEMOGLOBIN LEVEL OF CHILDREN OVER
A PERIOD OF THREE :MONTHS

ﬂ'-"'-.--"-‘-‘ﬂ“ﬂ--J-.--‘Q--ﬁ‘

Blood haemoglobin

level g/100 ml. Increase Groups ‘'t'value

Groups P - cesncnsccs
Initial Final in level. 23mpar~

A 9.1240.7%  10.02¢0.74 0.90£0.067 A Vs B  2.34
) A vs C 0047

' A Ve D 6. 1]1%%
B 8.93+0,69 9.5540.78 0.62$40.259 B Ve C 1,13

" B Ve D 0.8%

c 8.7940.63 9.62+40.61 0.834#0,323 C Vs D  2,65%

8.9940.73 9.5040.98 0.51+0.126

- @ W & W © ® @& S W PG B O ® O W W © W O G G D G ¢ O G > o

#* significant at five per cent level

#» Significant at one per cent level.



The iron content of amaranthus and tree lettuce
were 25.8 mg and 17,5 mg/100 g respectively, Since different
quantities of greens were fed to children, group A received
6.35 mg of iron from amaranthus, group B received 0,88 mg
from tree lettuce and group C received 4.38 mg iron of
from tree lettuce. The groups were ranked in the same order
even when thelr whole day's intake was considered, The
effect of consuming varying quantitlies of iron is reflected
in their blood haemoglobin values.

The mean increase in haemoglobin value{_s registered were
0.90,0.62 and 0.83 g/100 ml blood respectively for groups
Ay B and C, Chiidren in the control group registered the
lowest increase in haemoglobin level namely 0,51 g/100 ml
which was significantly lower than that of group A at one
per cent level and group C at five per cent level, Similar
rrsults were reported by Devadas et al (1971) who studied
the effect of supplementation of rural school lunch
programme with green leafy vegetables on the nurtitional

1

status of children,

b. Uxdnazy excxetion of calciumi

The six hours urine samples of selected children from
the four groups were analyssd for calcium coﬁtent and the
results are prcsented in Table XI along with the statistical
appralsal.

. L \
P [ U JO
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TABLE XI
URINARY EXCRETION OF CALCIUM(SIX HOURS COLLECTION)

.'....-...-“-..‘O---.----Q--’

Groups Subjects Urinary calcium Groups ‘'t'value
. excretion{mg) co&ma-
red’

§
-‘.---Q'“ﬂ.“-----.‘-.--“.--.

36 AVs B  0,1528
40 A Vs C 8,162 #»
47 A Vs D 95,181 »
5% '
58 :
Meart . 45,148,59 | .
43 B Vs C 8,037 #»
<y K B Vs D 4,53 »»
54 h; '
%3 S
» SRR
Mean 44 .,449,87 ’
89 C VeD  13.77 #+
23
197 « |
92 O
Mean | 103.8+11,54 '
18 ot
16 §
22 | o
24
25
u 21,043.46

3

Mean

A

O w
G & WN - D W N - DD WN

=]
G BWN

* e b

R
490

|
#+ Significant at one per cent level.
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The ' urin;ry calcium excretion varies from 21.0 mg
for the control group to 103.8 mg for group receiving
increased levels of calcium through tree lettuce, As
walker et al (1976) pointed out, there was considerable
individual variations in calcium excretion in every single
group of children, It was noted that the excretion of
calcium through urine was closely associated with calcium
intake, The group C which ccnsumed 883 mg of calcium
through school lunch ~excreted the highest juantity
of calcium within six hours after consumption and the
control group D which consumed the lowest quantity of
calcium excreted the lowest quantity of the mineral
through urine. The results are supporting the views of
Hegsted et al (19%2) who had reported that the urinary
calcium excretion is a llnear furction of calcium intake,
It is notable that thc groups A and B receiving an almost
similar quantity of calcium supply through their
dletaries had recorded very close values being 45,0 and
44,4 mg of calcium respectively,

The urinary calcium excretion of children in groups
A, B and C were significantly greater than that of
children in group D at one per cent lovel and at the same
time the values registered by the groups A and B were
significantly lower ttan that of group C at one per cent

level, The other factors which are suggested by Walker(1969)
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!

to affect urinary calcium excretion are plasma calcium
concentration, glomerular filtration rats, parathyreid

hormone and metabolic acidosis, L

3. Clinical plcture: '
The changes identified in the clinical plcture of
|
the children participated in the study after a period
of three months is presented in Table XI1I,

TABLE XII |

|
INITIAL AND FINAL CLINICAL PICTURE OF THE CHILDREN
(in percentage) '

‘-‘-‘-‘.”“-ﬂ-"‘ﬂ-..’.“..‘-“

Experimental groups Control'group
Symptom L R R I T T R e Sy

Inttial Final | Initial Final

1
.~--.'-‘-.Q‘Oﬂ-‘---".“..‘-.---.

Angul ar stomatitis 15,3 5.9 29,0 14,0
Bleeding gums 9.4 4,0 ! 8.6 6.2
Dull and dry hair 6.9 - 7.3 6,0
Dry and rough skin 7.3 1.4 10.0 8.1
Dental caries 12.8 7.3 20,1 16.7

QGCQOQOQO‘Q--‘O-Q-ﬂ--'c“-ﬁao..“

T

The common clinical symptoms observed initially &n
children were angular stomatitis, bleeding gums, dull and
dry hair, dry and rough skin and dental cérias. All the
experimental groups put together there were 31 children

below six year seven months and they were either new to the

1



school lunch programme or had experienceq the programme
for a shorter period of time. Hence initially deficiency
symptoms were in several children, Towards the end of
the study, the presence of deficiency symptoms was
greatly - reduced in the children who participated in the
school lunch programme, where as the improvement was
little in the control group children., Similar findings
have also been reported by Devadas et al (1973,1975).

C. Zbsorption of calclum and calcium balance:

Table XIII presents the mean absorption of calcium
in the four groups of children and the szults of calcium
balance study. ' The individual values are presented in
Appendix,.D.
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The apparent calcium absorption per cent varied
from individual to individual. The mean apparent calcium
absorption per cent ranged from 34,10 to 41.41 and these
observations are in agreement with the values reported
by Malm (19%98) and Nageswararao and Narasingarao(1974),

The group fed 25 g of amaranthus reglstered an
absorption of 34,10 per cent while the group receiving the
same quantity of calcium through 5 g of tree lettuce regi-
stered an absorption level of 41.41 per cent. It is
notable that the children in group B though received
the same quantity of calcium through a different green
leafy vegetable, their mean total calcium consumption was
grester because of the home food intake and’ the same time,

the intake of oxalates and phytates was lesser(Table XIV)
with-—theLindividuslvalues—in (sppendix.E)

TABLE X1V :
MEAN OXALATE AND PHYTATE CONTENT OF THE DIETS CF
CHILDREN
Groups Oxalate (mg) Phytate (mg)
A 271 313
B 180 281
C 217 328
D 169 273

.--..-“.:".....‘.-..Q.-O..--.
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The mean convumpkien of oxalates and phytates
for group A were 271 and 313 mg respectively and fo'.~
group B were 180 and 281 mg rcspgétivaly. Higher
camsamtration of these hindering factors might have
lessened the abeewptien of calcium in grﬁup /» pointed
out by Patton, (1955) and Draper gt al (1972).

-

Though the children in group C received very high
quantities of calcium, the perésntage abskeptioa did not
increase very much. Swaminathan (1974) reported similar
findings that when calcium intake is high, the percentage
abgexption is low and when the intake is low, the
pessentage abcorption is high, Moreover the phospherus and
phytate content of the diets were also greater in this
group when compared with those of group B,

The pereentage absorption of calcium in group D was
36.60. The children in this group though consumed the
lowest quantity of calcium, their absorption ranked higher

than that of amaranthus group. These observations are in
confirmity with the reports of Hegsted et al (1952) and |
Malm (1958) who explained that in the course of lowered

calcium intake, the pereentage calcium absorption increases,

that is the faecal calcium falls and after some time the

negative balance changes to a positive one or to a state

of ecullibrium and this adaptive meehanism acts independently

i
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of the plasma calcium concentration., Another contributing
factor is that because of the lowest consumption of leafy
vegetables and cereals by the children in group D, the
oxalate and phytate contents of their diets were very low
vhen compared with the other groups, However the statistical
comparison of the percentage absorption of calcium between
the groups did not show any significance between the

graups. Similar type of results were obtained by

Devadas et al (1977).

The calcium balance observed in the study varied from
individual teo individual (Pig.3). The large variation in
the day to day excretion of calcium resulteq in irregular
balances during the three days of collection in the
individual subjects. It was observed that some of the
subjects were either in negative or positive balances on
one or more days in each collection period, Thesetype of
variations were also observed by Nageswararao and Narasingarao
(1974).  In the two groups given tree lettuce namely B and C,
no one evinced negative calcium balance whereas in the
group A fed with amaranthus, and in group D, negative

calcium balances were noticed in some children,

Margen gt al (1974) observed that at various levels
of calcium intake or at each level of calcium intake one
subject markedly different from the others can significantly

influence the mean and thus in this presentllnvestigation it
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was observed that in the groups A and D though some ;
subjects were in negative balance, the mean retentions |

registered were +36,0 mg and +31.0 mg respectively,

B 5 T

Thus from the various parameters tested, it can 1

e e

be concluded that the tree lettuce could be use@ as a
good source of calcium in human dietaries without any
111 effects, Though 5 ¢ of tree lettuce could'supply
the calcium present in 25 ¢ of amaranthus, to obtain
proper quantities of all the other nutriant? needed .
for the overall improvement of the body, consumption

of tree lettuce may be kept at a reasonable level,

¥
i




V SUMMARY AND CONCLUS ION

In the present investigation, the avallability of
calcium from tree lettuce (Pisonia alba)on school children
was studled in comparison with that of amaranthus
(Amaranthus gangeticus). School lunch programme at Sri )
Avinashilingam Basic school was used as a medium for
introducing the leafy vegetable preparations to, children
over a period of three months, A group of 7% children of
the age group of five to ten years were selected and divided
into three comparable groups (A,B and C) of 25 children
each based on their mean initial age, height, weight and blood
haemoglobin levels., A comparable group of children not
particlPating in the school lunch served as controls (Group D),

Children in group A were fed with the normal school
lunch menu which provided 25 g of amaranthus daily in the form
of a kootu, Twentyfive grams of amaranthus supplied 150 mg
calcium, In order to supply the same 150 mg, of calcium through
tree lettuce, the group B was fed with % g of the leaves in
the form of kootu for it contains 3,204 mg calcium per 100 g
of leaves.. The effect of feeding higher level of calcium
through tree lettuce was tested in group C by fe;ding the
children with 2% g of tree lettuce per day. Twenty five grams
of tree lettuce supplied 801 mg of calcium,
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The regular school lunch programme supplied one
third of the day's requirement for nutrlents., Home food
analysis, anthropometric measurements namely monthly heights
and weights, biochemical parameter namely six hours urénary
calcium excretion, calcium balance and clinical picture
were used as the criteria to test the avallabllity of calcium
from tree lettuce. The gtilization of iron from the leaves
was also tested in this study through changes in the blood
haemoglobin levels of children. The results revealed the
followings

1. The children in all the three experimental groups
received adecuate quantities of cereals whercas the intake
of pulses, green leafy vegetables, other vegetables, milk
and fats and oils was deficlent in all the four groups of
children,

2, Dlets of all the children except those in group C
were deficient in calories. The children in the control
group had the deficlency of calories as well as protein,
Since the school lunch provided considerable quantities of
calcium, none of the experimental children showed the
deficlency in the intake of calclum whereas the children in
Group D consumed only 273 mg calcium as against the
requirements of 400 to 500 mg, None of the diets were
deficient in iron, Children consuming amaranthus alone were

meeting the requirements for Pecarotene. Except the control
|
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group children, all the others received required quantities
of thlamine, whereas all the diets were deficient in ribo.
flavin, Vitamin C requirement was met by only two groups

namely A and C,
l

3. Ovar a perlod of three months, the children in all
the four groups evinced increases in heights, wuights and
blood haemoglobin levels,

4, The height increments varied from 1,78 ¢m in group
C to 1.24 c¢cm in group D, The differences between the groups
C and D and A and D were significant at one per cent level,
Among the two groups fed tree lettuce, children recelving
2% g tree lettuce recorded higher increase in body length
than the group receiving 9 g tree lettuce.

5., The mean increments recorded for body weights
ranged from 0,97 kg for the children in group A to 0,47 kg
for the children in group D. The weights recorded by control
group children was significantly lower than groups A,B and C

at one per cent level,

63 The mean increase in blood haemoglobin levels
registered were 0,90, 0.62, 0,83 and 0,51 g/100 ml
respectively for groups A, B, C and D, The value of group D
was significantly lower than that of group A aé one per cent
level and group C at five per cent level%;‘
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7. The six hours urinary calcium excretion varied from
21.0 mg for the control group to 103.8 mg for group C., As
the intake of calcium increased, the excretion of calcium through
urine also increased, The groups A and B receiving an almost
stallar quantity of calcium supply through their dietaries
had very close values of calcium excretion namely 45.0 and

0
44,4 mg respectively. ‘

8. The urinary calcium exeretion of children in groups
A,B and C were significantly greater than that of children
in group D at one per cent level and at the same time the
values zegistered by the groups A and B were significantly

lower than that of group C at one per cent level.

9. The clinical picture of all the experimenmtal children
was greatly improved towards the end of the study when
compared with the non school lunch children.

10, The apparent calcium absorption per cent varied
from individual to individual, The apparent calcium
absorption per cent for groups A, B C and D were 34,10, 41.41},
40,08 and 36,60 respestively. However, the statistical
comparison between the groups did not show any significant

difference.

s

11. In the two groups given tree lettuce namely B and

C, no one evinced negative calcium balance whereas in the
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group A fed with amaranthus, and in the control group D
‘negativa calcium balances were noticed in some children,
However the mean calcium balance observed in groups A,B,C

and D were +%6, +79, +144 and +31 mg respectively,

Based on all the parameters tested, it can be concluded
that tree lettuce can be uged as a cheap and excellent source
of calcium though its Aron content is not as good as that of
amaranthus, Though 5 g of tree lettuce could supply the
calcium present in 2% g of amaranthus, to obtain proper
guantities of all the other nutrients needed for the overall
health of the body, 20 to 26 g of leaves should be recommended
for providing through school lunch, Longterm feeding trials
and radiological studies should be continued to see the effect
of tree lettuce on bone formation. Further exploratien to
establish the medicinal values of this leafy vegetable would
provide a wealth of information. Though in general leafy
vegetables are inexpensive source of nutrients, because of
inadequate facilities mainly shortage of water, the schools
do not cultivate and include it in the school meal
programme. If every school aims at having one or two of these
trees, it would be possible to have a perennial supply of a nutrie
tious leafy vegetable throughout the year.
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APPENDIX A v
INDIVIDUAL HEIGHTS OF THE CHILDREN OVER A PERIOD OF THREE MONTHS,
. . F i .

<y
1

Group A
SUhJ‘et MQ 1“ - “» & W W W B e T W e S W o
No. Yrse-months First Second | Third

month month - month

.—-‘QQQ.-‘.--.--.‘--‘--..-.-..‘..

|

le ' 5«6 94,7 95.3 96,4
2. 57 107.3 108.0 108.9

3. 5n8 106.2 107.0 108.0

4, 5«10 100.0 101,3 102.4

54 5= 10 11%.7 112.6 113.4

6. 6-3 1049 105.4 106.3

1. 6-6 111.1 111.9 112.8

si ' 6=7 110.3 111.4 112.9

9, 6<7 107.3 108.3 109,1

10, 67 106.4 107,1" 108.1

11, 6=7 106.3 107,3' 108.0

12, 6-8 113.2 114,1 115.0

13, 6=9 112.4 113.2" 114.1

18, 7-2 117.8 118.7 119.6

15, Te2 111,6 112,5 113.3

16, 7<% 112.0 112.8 113.7

17, 77 112.0 112,9 113.6 o
18, 7-8 114,0 115,0 115.7

19, 710 112,0 112,9 113.8 .

- W W W W gk G e W W W W W B G W W W S S W WO B W B WS e,

contdeces

= e, eresam - -
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Group A
Subject Age in . e e e se e -
No. Yrsemonths First Second Thixd
month month month

20. 7-11 L 118.7 119.4 120.4

21. 7-11 118.0  118.9 119.7
22, 8-6 | 109.4 110.1 111.1
23, 8-6 120.7 121.% 122.4
2. 8=7 . 122.0 122.9 123.7
. 87 117.0 117.9 118.8

--..-.-‘Q-..“-Q.--'---.-“..-ﬁ“
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APPENDIX A

INDIVIDUAL HEIGHTS OF THE CHILDREN OVER A PERIOD OF THREE

MONTHS .

T Tt T T T e T T
Subject Age in R I T I T
No. yrsemonth First Second Third

month month month
1. 5w 94,7 95,1 95.8
2. 5.7 103.6 104,2 105.0
3, 58 104 .4 105.3 106.0
a, 5.10 101.1 102,1 102.8
5,  5-10 99.0 99.8 100.6
6. 6e2 113.0 113.9 114.7
7. 6=6 107.7 108.5 109.5
8. 6=6 101.% 101.9 102,8
9. 6=7 103.6 104.4 105.3
10, 6=7 114.8 115.8 116.6
11. 6-8 120.0 120,7 124.4
12, 68 123.1 123.9 124.9
13, 6=10 115,2 115.9 116.9
14, 70 106.8 107.4 108.2
15, 7.2 114,4 115.4 116.0
16, 7-3 106 .6 107.:% 108.4
17. 7.6 118.3 119.1 119.8
18. 77 119,0 119.8 120.4
19¢ 7-8 112.3 112.9 113.7

. @ O @O O o G O DG GG " TP GGV PGB e® PO e

contd ,ee e



Q-..O--‘d...n‘.a-cn--n-looqQ-...

Subject o Age in
No. yrsemonth

Group B
First Second Third
month month . month

.Q..“---O‘-.---.".Q...--..-QQ

20, 7-11
21, 80
22, 86
23. 86
4. 86
. 87

Q‘-..-....--.---‘.--.--‘.

120.8
117.4
1i4.6
110.7
1:13.3
115.3

121.6
117.6
115.6
111.6
14,1
116.1

1

121.8
118.5
116 4
112.3
115.0
117.0

- ® & o e
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...'----‘Q--OQO--Q.--C--O.-.-

Group C
Sbject e eth  Flrst | Second | Third
month month month

1. 5eb 108.1 106 .4 107.5
2, 5e7 99.2 99.9 101,0
3. 5e9 104.3 105.4 108.0
a. 5210 96.8 97.2 99.6
5. 620 108.8 106.6 107.4
6. 66 105,6 106 .4 107.4
7. 66 110.2 111.7 112.3
8. 67 111.1 111.8 111.8
9. 6e7 114.4 115.3 116.3
10, 6-8 110,0 110.9 111,8
1, 6-8 109.6 110.8 111.6
12, 610 109.3 110,2 110.9
13. 7-0' 11249 113.8 114.8
14, 7-2 114.4 115.4 116.3
15, 78 119.4 120.2 121.0
16. 7-6 108.7 109.7 110.6
17. 7.6 113.5 114.4 115.4
18. 7.8 109.4 110,2 110.0
19. 7-9 118.2  119.1 120,0

(PO I e e e I I BRI IR I B B I L L B L B

| contdesesee
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PR Tl r

Group C
Subject M.in - . eewe e e e e oo
No. yrs-month First Secord Thixd
month month month

> -G w G BB B GO OO G E T DO, OB g e

20, 80 107.3 108.1 109.0
21, 8-1 118.8 119.9 120.4
22, 8«5 121.4 121.8 122.3
23,  Bes  120.6 121,3  122.4
24, 87 116.0 116.9 117.9
3., 8-7 117.9 118.9 119.8

.---.Oﬁ‘..-“..‘..‘_--‘.-....OQ.
.

. e m . om
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Group D

Rt Mlimenth  First | Second | Thizd

month month month
1. 56 105,1 1064 107.5
2. 5a7 99.2 99.9 101.0
3. 59 104,3 105.4 106.0
4. 5e10 6.8 97.2 99.6
5, 6=10 105.8 106.6 107.4
6. 66 105.6 1064 107.4
7. 626 110.2 111.7 112.3
8. 6=7 111.1 . 1115 111.8
9. 6-7 114.4 115.3 116.3
10, 68 110,0 110,9 111.8
11, 6-8 109.6 110.8 111.6
12, 6=10 109,3 110,2 110.9
13, 7«0 112,9 113.8 114.8
1. 7w2 114.4 115.4 116.3
15, X 119.4 120.2 121.0
16, 7-6 108.7 109.7 110.6
17. 76 113.5 114.4 115.4
18. 7-8 1094 110,2 111.0
19. 7-9 118,2 119.1

o O W ® ® W D B N G S P D G %" O " S S e e e

2 e A T

120.0
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- W S ® % * O BV G OGO OO S WM S PGSO
.

Group D
Subject Age in »- o oeweceveceessvense
No. yrs-month First Second Thirxd
month mcnth month

wo "
- o ® e G BD®OG OGO %O e T O TG WS e
v

20. 1.9 120.8 12104 ' 121.9

21, 8-0 118.6 119.2 119.6
22, =2 117.6 118.3 119.0
23, Bed 120.4 120.8 121.7
24, ) 8-6 124,96 125.4 125.9
2, 87 120.8 120?’9 121.3

o W W O O B G WP S eGSO GG WG e O @

<
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RS APPENDIX B :

USDUAL WEIGHTS(IN KQ) OF THE CHILDREN OVER A FERIOD OF
' THREE MONTHS .

-

- o .'--“‘-‘.‘-..--Q-“-‘ﬂa--‘-ﬁﬁ

Group A
smj’ct RO’. cooem ® @ ® o o . - o o o - .’.').
First Second Third
month © .. month month

...'-.-&."‘O-i“-“-‘..-...““ﬂ.

1. 18.600 16,000 16,550
2, 14,550 15.000° 15,450
3. 15.450 16.050 16,450
s, 12,700 13.250 13.650
5. 15,900 16,500 17,400
6., 16,400 16,850 17,300
7. 16,450 16,950 17.450
8. 17.000 17,550 17,950
9. 14 .800 15.306 15,700
10. 15,050 15.4%0 16,000
11, 15,750 16.150 16,650
12, 15,950 16,550 16,950
13. 15.300 15,700 16,200
14, 16,150 16,750 17,150
1. 21,480 21,950 22,400
16. 15.300 15.800 16,200
17. 17.950 13,4%0 18.950
18. 18,150 18,500 19.050
19. 20.800 21,200 21.800

.“-.'.."Q---.."‘..-Q.O‘...~‘

contdecess
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Group A
S‘bj'ct No. CHGe® ® © O O 0 O > O ® W e S e o
First Second Thixd
month month month

----- l

.--...--‘-.-‘-'-.-..--..--.--..

20, | 14,000 14,450 . 14.980
21, .. 18,900 19.600 . 19.800
22, . 18,350 18,850, . 19.300
23, . 19,500 20,850 . 20,500
2, . 15,280 15.800 . 16,200
%, 18.100 18.500 . 19.050

.Q.‘.-.'.“.“.O‘..‘.Q.‘.‘.O‘.‘

e
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ceomecnewee
1.
2.
3.
a,
5.

.6

7.
8.
9.
10.
1l1.
12.
13.

4.

15,
16.
17.

18.

19.

Group B

-e W @ W ® B e ©® © ® o O & S o=

First
month

Second

month '

Third
month

- o B o % ® G G OGO e

12.600
15,600
18.450
13,700
14,400
15.850
16,000
J4.250
14,350
17.800
22,250
24.250
15.850
15.2%0
17.100
14,550
18,400
19.000
15,400

12,950
16.050
13.830
14,700
14,700
16,500
16,500,
14,650
14,730
18,100
24,650
24.650
16,250
15,730
17.400
14.950
18.850
19.300
15,730

13.450
16 .600
14,300
15,150
15,150
16.750
17.050
15,050
15.300
18,600
23.4800
2%, 000
16,750
16,150
17,750
1%.400
19.300
19.750
16,350

» B W ® G @ W > W R TG W e e WG O GGG G e GO e &S
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Group B

S\*jmtmo -y B oW e e e e %06 e
First Second Third
month month month

.“..Q-‘.-.---.-‘-.----"----.‘

20, 19,100 19,500 20,000
2). 18.85%0 19.300 19.700
22, 15,850 16,250 16,650
23, 15,900 16,300 16,650
24, 16,3%0 16.850 . 17.250
25, 17.000 17.400 17.850
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|

|

Group C “
Szbjectﬁo. - . ® e eeee e ee %o se e
’ First Second Third
month -« month month

.‘.-..-'.-“-‘-‘.--'-.‘.-.Q.-.

1. 14,850 15,300 15,900
2, 14,950 14,350 15,900
- 3, 15,450 16,900 17,350
4. 13,280 13,700 14,250
5. 16,850 17.300 17.800
6. 16.800 17,750 18,150
7. 16,350 16,780 17,300
8. 17,200 17.750 18,150
9. 14.450 14.950 18,350
10, 16.850 17.250 17,700
11, 15,200 15.800 16, 150
12, 16.600 17.080 17.500
13. 19,280 19,750 20,250
1. 20,780 21,200 21.650
1. 18,150 16,650 19,250
16. 17.680 18.050 18,600
17. 15,750 16,300 16.700
18. 16,400 17,000 17,400
9. 17.950 18,250 18 4900

...“-ﬁ.‘...‘....‘-.-..'-....-.
0 . ke

“ contdeesse
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1
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e =

Group C
Subjectm, o EmER S W W W W @ W W W W G WO e e
First Second ! Thixd
month month | month

t

[
'.-..Q‘O.-'-’.-QC.‘.‘.“..‘.-.Q‘
7

20. 12,100 13.500 14,200
21, | 16,850 17,150 17,750
2, 12,750 12.250 13.750
22, 18.500 18.850 19.400
M, 19.950 20,350 26,900
2%, 18.000 18.500 18,900

..ono.o.n.o-oaoo.o.co.a-ua...p
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Group D

.-“---.-’--..ﬁ--..

Stbj.(:t No.

o

i

» W P W B B P e e e ®

1.
2.
3.
4,
5,
6.
7.
8.
9.
10,
11.
12,
13.
1,
15,
16,
17,
18,
19,

“..O-.-".‘O....-0.0Q"O“C“"-QQ

First
month

14.400
16,400
14,950
45,300
13.600
16,400
13.300
13.%%0
18,350
14,050
1%.500
14 .690
15.800
14,200
15.450
20,900
18,150
16,300
17.150

Second
month

Third
month

- ® @ ® & o W W e e e

14,600
16.550
15.150
15.550
13.700
16.650
13.650
15,800
18.500
14.250
15.800
14.900
16,000
14,600
15,700
21,180
18.350
16.500
17.450

14,850
16,800
15,500
15.800
14,100
16.850
13,750
16.050
18.750
14.500
16,050
15.100
16,200
14.300
15.950
21,350
18.600
16.850
17.650

contd.. ees oo
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Group D
SUbjectNO. - W e W W W GO W e W W ® e e e e e
First Second Third
month month month

® W @ W W W G B VO B BB DG OO " P e ® O Y o =

20, 20,250 20,450 20,700
21, 16,600 16.800 17,000
22, 17.8%0 18.050 18,250
23, 21,150 21.350 21.600
24, 20,450 20,700 20.650
25, 18.800 19.100 19.350

- @ ® @ W G W W@ W W G W G G S S W WO W G PG O WG WSS
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APPENDIX C

INDIVIDUAL BLOOD HAEMOGLOBIN LEVELS OF THE CHILDREN OVER
... A PERIOD OF THREE MONTH,

Q.o.-.ﬂ-‘oo.QQ.‘Qoﬂ-.ﬁou‘-.QQ.

Group A
frr First St . Second ! Third
month ' month month

O“’.O.‘O.‘..0.0..QQO‘..‘-'Q.-.

1. | 8.46 8.90 9.37
2. .39 8499 . 9.39
3. 8445 8.87 9.34
4, “ 8.43 8.88 9.36
s, 8.57 9.07 9.52
6s 8.59 8.79 9.%6
7. ‘ 8.60 9.04 9.44
8. 8.6 9,10 . 9.64
% 8.68 9.02 .. 9.58
10, 8.72 9.17 9.63
1, 8.89 9.37 : 9.75
12, 8.92 9.22 . 9.8%
13, ' 8,90 9.37 .. 9.82
14, 8.91 9.3 .. 9.70
T N 8.95 9.38 9.86
Vl Wk 16, 9.20 9.55 . . 10,00
:"-S’ & : 17. 9.2% 9.69 . 10.16
: B, 9.29 9,70 10.16
19, 9.75 10.41 10.60

%2

------o---.-Qoochoonoo.oo-.-.."'_"

‘1 contdecees
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- % W ® B G s W W W BB W DB BT PH OGS S e

Subject No.

Group A

First Second Third

month . month month
i

- - WD W e G % PO TEEE W S P B D P G e S P E SO e % e

20.
21.
22,
23,
24,
25,

- W W B G G W W DB W BB e GG ® WO e "G e %

9.56 10.08 10,52
9.77 10.11 10.65
10.11 10.41 11,02
10.28 10.68 11.18
10.17 10,67 . 10.99
10,52 10,92 11.42

< = o= _==
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®» ® ® @& S O B 0 @ G G G G WP e O ® W S D D e e e

]
¢

Group B

Subject No. - ececcecccecnacnena

mrer mosehd oA
1. 7.95 8.39 8.56
2, 7.99 8.27 8.61
3. 7.21 7.51 7.81
4, 8.41 8.74 9.06
5, 8.39 8.70 8.99
6. 8.56 8.89 9.11
7. 8.70 8.95 9.3%
8. 8470 9.02 9.36
9. 8.75 9.09 9.39
10. 8.80 9.08 9.42
11. 8.80 9.11 9.41
12. 8.81 9.21 9.46
13. 8.89 9.38 9.49
14, 8.91 9.11 9.50
15, 9.10 9.32 9.7
16. 9.00 9.50 9.69
17, 9.20 9.50 9.81
18. \ 9.49 9.73 10,02
19. ~ 9.37 9.67 10.0%

- W P W ® @ " W O e B> OO T O G T T W " e S O e
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Group B
Snbjoctm, - W B O B B TS O WP WO e e
First Second Third
month month month

- W O W W G B PG W W W W R W WS B B " O W W W

i
20, 9.90 10,30 ' 10.52

21, 9.80 10,12 10.48
22, 9.77 10,09 10.37
23, 9.13 9. 53 9.76
24, 9.25 9.61 | 9.91
2. : 10,45 10,70 11,05

«- W O ® ® o @ B W GO @ G P @ © D @GO D GG OO

— o g
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S\lbj@ct No.

1.
2,
3,
4,
5,
6.
7.
8.
9.
10,
11.
12,
23.
14,
15,
16,
17.
18.
19,

First
month

Group C

- B @ ® G T S P P ® O e " e

Second
month

Third
month -

- o W W @ @ W @ B W D O O SO

7.81
7.80
8.17
8.2
8.27
8.67
8.49
8.49
8.59
8.61
8.60
8.70
8.7%
8,77
8.80
8.81
8.89
8.90
8.90

8.42
8.43
8.62
8.69
8.67
9.08
8.90
8.91
8.96
9.0%
9.01
9.10
8.84
9.18
9.10
9.28
9.28
9.36
9.27

8.66
8.70
9.04
9.18
9.17
9.951
9.33
9.33
9.54
9.47
9.3%
9.55
9.62
9.65
9.67
9.72
9.79
9.79 -
9.70

- ® ® ® ® ® © D ® ® @ ®O © O G @ @ G V G ® P O GG 0 O o o
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Group C

Slﬁject NOo .--v---.-o--al:----—-.
First Second Third
month month month

20, 9120 9.41 9.72
21. 9.30 9.69 . 10,10
22, 9.42 9.83 10,22
23, $.67 9.9 10,32
24, 9.57 10.07 10.60

25, 1C.21 10.61 11.21

.....-...‘--Q..-.-Q-.-'.--.‘-Q

o



AL

108

- ™o e e T 0w P PR T P ® G S WO P eSO RS

Group D
S\,bj“t“ﬂg PR T T R R R L
First Second Third
month .month month

f

......-........Q..'..'--..‘..'..
2
i

1. 8.4% 8.66 8.9

2, 8.30 8.54 8.85

3. 8.30 8.80 8.81:

4, 8.41 8.61 8.93

5, 8.42 8.64 8.93

6. 741 7.61 7.94

7. 8.50 8,75 9.06

8. 8.60 . 8.85 9.13

9. 8.52 8.93 9.09

10, 8.62 8.93 9.29

11, 8.64 8.86 9.18

12. 8.75 8.96 9.26

13. 8.75 8.96 9.28

14, 8.80 9.01 9.32

L, 8.82 9.09 9,27
TS U 8.84 9.10 9.28

17, 9.45 9,71 10,00

T 8,95 . 9.1l 9.81
. 9.40 - " g6y 9.91 * iﬁj

oﬁnnocdo.--.-o-..---.-o.--‘-o.

f contd eeneee
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- W W % G W G W W W S s WG W e B ® B G e % e e e e w

Group D

S\bjﬂct No. WBBED B N W W W W B ® O W EE®e e e e
+  First Second Thixd
month month | month

H ]
M W W B B W D W W BB WP W W W W W G ® B B WY &S P e e e

20, 10,43 10,70 11.04
21, D X 9.92 10.22

e 9.7 9.7 9.7
9.89 10,10 - 10,41
4, T 10,50 10.60 10.99
2. o 10,50 10.74 11,00

. i
. » & ® O B WG WG GRS DWW e WS %S ® o
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APPENDIX D

CALCIUM INTAKE AND EXCRETION OF THE SELECTED CHILDREN
DURING THE THREE DAY BALANCE STUDY,

W B B W WD P B S e B W B W G W W W W T OE W W WSS O™ eO® ®

Calcium Excretion in mg

Groups Subject Day Calcium - - o eew e e e e e
No, intake Urine Faeces.
in ?g. :

m W% B D W B A BB TGP B E P W S e %W W W W WG e ® W

A 1 1 492 . 'e__»s 310
1X 340 52 230

111 392 - 63 329

2 I 416 ' 102 301

. | .

11 470 170 | 320

111 452 133 i 348

3 1 509 90 360

II 503 7T, 420

11X 620 160 198

4, 1 610 120 380

) § 4 542 109 33l

111 578 158 r 403

5. I 498 106 . 339

11 470 140 300

111 538 . 165 ' - 378

B 1 ¢ 515 164 309
1 480 110 316

111 760 218 3%6

contdeeee
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Groups Calcium excretion in mg.
%— S@j.ct Dﬁv Calcium - % O e W W B EE ®® e ® S
intake Urine Faeces
. in mg.
2 1 481 131 276
1I 440 141 230
11X 359 142 280
3 ) ¢ 640 129 380
11 300 140 350
I1X 681 229 440
4 I 572 160 370
i
9 4 610 120 334
|
I1X 600 173 400
3 I %00 10% 300
11 580 160 292
11X 462 146 284
c 1 I 1230 362 730
11 1104 317 620
11X 1311 359 783
2 I 1109 340 605
11 999 20 490
IIX 1240 406 693
3 1 1367 337 841
i
II 1065 320 740
111 1216 300 750

contdeeecee
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Calcium Excretion in mg.
Groups Subject Day Caleium © © e @ @ @ 0 v o ® 6 v v w oo

No. intake Urine Faeces.
in mg.
4 1126 300 740
II 1124 290 . " 703
111 1320 400 ' 750
5 1 1350 319 848
11 1290 350 718
IIr 894 240 630
D 1 1 192 62 162
11 230 64 182
111 307 78" 190
2 I 250 60 140
II 310 72 230
111 33l ™. 23%
|
3 1 190 72 13
11 152 6% 140
111 213 76 110
’ 4 I 410 7' " 158
1I 230 74, 120
11X 338 84, 196
5 1 40% 84, 231
11 309 80 190

I1I 240 70 140

™ ® @ ® G B W B G WG D B WP B E® ®W B WO S ® ow
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APPENDIX E
CONSUMPTICN OF PROTEIN, PHOSPHORUS, OXALATES AND PHYTATES
BY THE SELECTED CHILDREN DURING THE THREE DAY BALANCE -
STUDY,

- W @ B W @ W W W W @ B W G B W B B G D W WP e S W " Y e a

Groups Subject Day Protein Phosphorus Oxalates Phytates

N in q. in mg. in mg. n mg.
A 1 I 36.42 470,0 285,0 304
I1 37.69 350,0 310 310
I1I 37.28 440,0 299 301
2 I 45,17 450,0 309 369
IX 34,%6 485,0 272 380
11X 43,63 475,.,3 274 367
3 1 33,79 $15.6 219 301
11 41,10 $520.1 230 290
I11 30.89 - 648.9 257 294
4 ) § 30.59 630.1 24% 299
1I 28 .92 503.0 210 30%
III 34,00 710.1 297 308
% 1 3%.12 $10.2 282 28%
11 37.69 490.4 249 291
III .17 560.,0 296 204
B 1 1 32,78 524 .% 152 18%
b 4 36.19 512.% 164 199
III 30.42 733.0 161 219

]
- W ® W ® G e S e E® GG O W W B O D W P W B B OO e ®
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Groups Subject Day Protein Phosphorus Oxalates Phytates

No in q. in mg, in mg. in mg.
2 1 34,52 495.2 166 201
11 29,17 460,1 159 214

111 32,01 $90,3 170 209

1I 32.4% 510.2 190 320

111 30,29 664,1 181 314

4 1 35,14 $80.0 149 281
11 33,67 611.0 182 289

11X 36,52 669.0 170 300

5 I 35.45 %3%,0 16% 282
4 30,09 %20,0 209 280

111 37.33 595,0 20% 299

c 1 I - 4.7 720.0 222 321
I 31.2% 715.0 240 319

111 44,25 875.0 195 314

2 I 40.76 672.4 219 280
11 35,49 600.7 260 308

11X 38,08 763.6 211 297

3 1 37,89 688.% 189 300
1I 38.67 709.1 219 315

IIX 41.2% 739.0 19% 309

contd....
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Groups Subject Day Protein Phosphorus Oxalates Phytates

No in q.. in mg. in mg. in mg.
4 1 40,70 725.9 204 320
11 32,24 $70.4 240 340
111 41,54 692,9 192 327
5 I 30.%8 610,0 223 340
1I 36.91 751.9 198 351
¢ B 45 32,45 740.0 245 326
D 1 1 16.84 280.9 135 241
1I 16,49 210.4 147 254
11X 20.38 394.9 144 282
2 1 19.75 315.0 160 234
II 22.16 340,0 190 241
111 16.71 305.6 181 230
3 1 17.91 215,2 151 32%
44 18,15 170.0 265 340
111 23,37 249.0 214 331
' y
4 1 19.49 492,2 182 309
. T & 21,00 291.1 169 320
B 44 21.82°  482,1 219 331
5 I 19.81 440,0 192 240
I 22,10 401.0 181 328

| III 22.95 329.0 188 295




