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X. INTRODUCTION

It is one of those anomalies of nmature and man that the
countries with the highest rates of xerophthalmia are among the
perennially greenest of the world, but the nutritious green
leaves do not find their way ianto the mouth of the small child
(eomen 1974)s Days and nights become meaningless for lakhs of
children in India (Alan Berg 1973). Light is shut for them for
everes Not that they were bora blind but they only did not have
proper diet and nourishment. If only they could have enough of
vitemin A or its precursor B-gcarotene in their food, this

tragedy could have been averted (Beck 19Th),

Vitamin R deficiency is a majpr pudblic health problem in
Indis contributing as it does, to a sizable proportion of

preventsble blindness (Srikantia 1975). About one fifth of the

vorld's blind are in Indias The number of blind persons in India

today 18 estimated to be 5 million (WHO, 1976)s Vitamin A

deficiency can be expected where ever poor living conditions exist

for sometime, such as among impoverished and illiterate farm
labourers, displaced households or in the septic fringes of
tropical conurbations (Oomen 1973). Its prevalence is due to
a eombination of poor social and economic factors,

(Remalingaswvami, 19753 Gopalan, 1975).



Vitamin A deficiency and the epidemielogy of xerophthalmia
have been studied By several groups of scientists (Nelaren (1962),
Redger ot al (1964), Oomen (1969 and 1972), Patwardhan (1969)),
Ia any country an ecelogical approach is needed to delinate the
causes for the deficiemcy of vitamim A, (Van Veen ot al 1974,
Brown, 1975) One of the important ceuse of the widespread
prevalence of this deficiemecy is the inadequate dietary intske

of the vitamin.

The most rational method of prevention of vitamin A
deficiency 4im children would be to improve the diets consumed by
them, 80 as to ensure adequate imtakes of the vitemin (Vinodini
Reddy and Lala, 1970 and Devadas st sl, 1975/« By emcouraging
sonsumption of green leafy vegetables whiech are of low cost and
rieh in provitamim A eompounds namely carotenoids, the incidence
of vitamin A deficiency can be considerably reduced ameng poeor

eommunities (Rajalakshmi ot sl 197hy Jean Mayer, 1975).

Foods containing preformed vitamin A sre expensive and
beyond reach of the poer, Caroteme derived from plant foods
therefore need te be the chief -me'o of vitemin A 4in the diet of
poer populatiom groups in India (Reo a2t 2d 1970). Amarenth is
one of the perennial green leafy vegetable actuslly or poteamtiae
1ly available and ean be even grown with minimmm effort im the
kitehen garden (PAG, 1973). Hence such feods sre worth using
frequently as they are very goed sources of B-garotene,s Thelir
consumption in adeguate amocumts especiaslly by children should he

encouraged,



Leaf protein with ite relatively high protein comtent
offer much promise (Olatunbesun, 1972) and is derived from
green leaves and is one eof the richest s=ource of provitamin A
obtaimable (Bray, 19"(5‘). Ite B-sarotene content is 1.4 mg/g
aecording to Pirie (1971) and its comntent overbeats any other
plant food stuff which are comsidered to be very rich ian P -
carotenes Sueh a mutritious delight which in small amounts and
at low cost provides large smounts of Becaretene should certainly
be incorxporated along with other diets fer the publiec health
dmpr ovement, From this viev poimt the use of LP strictly as a
source of vitamin A would seem justified, particularly in
countries like Inida wvhere the average diet provides far less

than the recommended smount (Devadas and Kemalsnathanm 1973).

Plant carotenes are mot fully absorbed by humam subjeets
and the absorptiom has beem found to vary over a wvide range
(PAO/VHO Export Group 1967). There are also reperts that suggest
that both the absorptien ef Becaroteme and its co mversiea to
viteamin A ave influenced by the protein nutritiomal status (NaAS,
1974) Besides dietary proteina fat, minerals, acute and chronie
infections, and grewth rate alse affect the nbsorption:;l-.arotoaoo
(Sivakumar, 1972) Underwood, 1974 and Srikantia, 1975)s The
FAO/WHO group (1967) however comsidered that the available date
on carcotene sbsorption are few and variasble and indicated the

necessity for further research, Ia two recent stuwdies, one



econducted imiadults (Nagesvara Rac 1970) and the other in
children (Lola gt 21 1970) absorption of B-carotene from greea

leafy vegetables was found te vary between 52 and 99 per cent,

However studies relating to the utilisstioa of cerotenes
from different vegetable food stuffs by Indian children wvho are
sub=elinically malnourished have so far been limited (Rso ot al
1970), It becomes therefere importent teo determine the exteat to
which Begarotene from plant feods can replace vitamim A especieally
in the diets of poorly mourished preschool childrem. The preseat
study was undertaken to find out the efficacy of utilisation or
the availadbility of B.carotene from two vegetable foeds namely

emaranth and LPC,

The present study was designed o estimate the diclogical
utilisation of Begarotene from amaranth and leaf pretein as
compared with standard Be-carotene in preschool childrea at four

consegqutive perioeds,

Fifteen preschool children were selected for the study fmm
8ri Avinashilingam Balwady who were fed with Balwady supplement,
The study conesisted ef four phasess During the first phase
Balwady supplement alone was fed to the target children. During
the following months in the second, third and fourth phases
along with the balwady diet amaramth, LP and standard Becareotene
respecti vely wvere fed as a source of Begarotene each for a

perxi od of one month, Towards the termination ef each peried,



faeces was collected and analysed te @stimate the exeretion eof
Besarotene. The determination ef Begarotene imtake and excretion
facilitated the estimation of avd.labiﬂi' of Begareotene, The
1nd£.£o"‘0‘f*ova1u¢-tion fncluded the estimation of serum vitamin A
levels, serum proteins 'and blood haemoglobin levels¢ Thus the
study on biologieal utilization of Begarotene from amaranth

and LM was garried ousse



IX. REVIEV OF LITERATURE

Global incjdence of vitemin A deficiency

Vitemin A deficiency among preschool children is a
wipdespreoad problem in many parts of the world occuring most
frequently against a background of poverty, It has been reported
to occur in Burma, Ceylon, East Pekistan, India, the Philippines,
North and South Vietnsm, South Kores and Thailand., (McLaren,
19583 Oomen ot al 19643 Glick et al 1963; Vijayaraghavan ot al,
1975).

Over 1000 preschool children were recorded as blind from
vitamin A deficiency in a one year period in North West Brasil,
(Simmons % gl 1975) xeropbthalimia is also fregquently emcountered
in countries of the Middle East and African countries - Irenm,
Iraq, Jordan, Lebsmon, Libya, Sudan, Tanganiyaka and UAR, Many
cases have been reported from central and south American
countries « Brasil, El1 Salvader, Guati-ale. Mexico aand Harti,

(Srikantia, 197%)

Vitamin A deficiency, as evidonced by xerosis of the
conjunctivae and Bitot spotz has been recoxrded im 5 to 11 per cent
of children in Southern and Eastern India (Svaminathan et al
19603 Someswars Rac et al, 1954); Rao et al, 19603 Gopalan,

19573 Lel, 1956).



Cl eal oe [} feastation o t n Deficiensc

Te assess vitamin A mutritional status, the most ¢ommonly
used clinical tests are predominantly ocular and they generally
provide ¢l ear-cmt evidence of the dificient state, The ecular
manifestations include xotop‘;thah:l-. Zerosis of the conjuctivae,
Bitot spots as well as manifestations in the corneas The most
severe sign of vitanminmn A deficiency, keratomalacia, is not
comnoaly recexrded as it progresses rapidly te blindmess, and an
examination of the shrunken or staphylomatous globe does not

give any definite indication of its astiology. (Pereira, 1968),

It has been reported that impaired dark adaption was
frequently seen in subjeets vhese blood vitamin A levels were
below 18 pg/ioo ml, (Hassan et al, 1947) In children with
corneal involvement; however it has been consistantly found that
vitamin A either cannot be detected at all or , if found, the
levels are very low (Pereira gt al, 1966 and Vinodini et al 1966).
VYhile in individunal cases serum vitamin A levels do not alvays
ecorrelate well with clinical status, in groups of individuals
there is a rough parallelism between serum vitamin A, on the ome
hand, and cliaical manifestations on the other, A gradieant from
29 Fg/we ml 4n apparently mermal children without ecular signs
to below 3 F;/too ml in ochildren with out severe manifestations
sach as cormeal xerosis and keratomalacia, has been found with
intermediate values being seen in children with conjuotival

xerosis and Bitot spots, In children suffaering from severe forms



of Protein Calorie Malmutrition, however, even in the absence
of ocular manifestations of vitamin A deficiency, levels of serum
vitamin A have been found te be generally lower than in apparently
normal children. (Din ¢t al, 1966y Pereira et al, 1966; Smith

et al, 1970; and Konno ot al, 1968),

In Indonesia, preschool children wvhose habitual diets
contained adequate amount of B-carotene but low amounts of fat had

lov levels of vitamin A in serums (Roels et al 1963).

Thus might blindness, conjunctival and corneal lesiona
along with low serum vitamin A levels are manifestations of

vitamin A deficiency among the preschool children,

t o t B-oprot of I
Children

The diet of an average Indian was low in foods of animal
origin and was therefore, practically devoid of preformed vitamin
Ae Milk and other animal foods, because of their relatively
high cost vere not eaten by the majority in India who depended
almost entirely on carotene source for their deily reguirement
of vitamin A. However, vegetables wvhich are inespensive and

easily available are good sources of provitemin A,

Though reeadily available, green leafy vegetables were not
eaten in adeguate amounts, In a typical of the srea, the
children's food provided an averase'of Juet 180 Fg of Bocarotene

a dey. (Sundararal ot al 1969). In Taxil) Nadu corsumption of



green leafy vegetables is negligible and only 8 g per day

per person ti the comnsumption as against the recommended
allowances of 110 g. (Devadas 1974) Aykreyd and Doughty (1964)
have repeatedly warned the low intakes of the vitamin, Aykreyed
(1944) suggested thas Indians should imerease the consumption of
leafy vegetables to balanee their diets. In all states, ef
India intakes of vitamin A were far belew the recommended value
of 750 ne espetinlly in the lower income groups. The highest
values were found in west Bengal (333.h ?g) and the lowest im
Kerala (106 ug)e Im most states, intakes tended to increase

with income (NIN 1975).

Sundararaj and Pereira (1975) studied the diets of
lactating wvomen in a Hari jan Community of a South Indian Village
and found that only A8 per ceat of the recommended sllowance

was covered, -

et o0 on pr t n content of foods

It has been found by Nageswara Rae et al (1967) that as
much as 40 per cent of the carotene originally preseat im the
food was lest because of cooking, Vheam green leafy vegetables
wexre cooked, the losses varied from 27 te 4O per cent
(Rajalakshmi ¢t sl 197k). Deep fryimg or frying fellewed by
heating with small smeunts of water esused marked destzuetien

of vitamin A, but beiling leafy vegetables and petatees in
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4in water resulted im little or mo less of caretenes, High
tempoeratures of deep fat frying may result in considerasble losses
of R-caretene from plant feeds (Spemecer 1973),

However the possibility that the cooking process might
denature some of the caretencids originally preseant 4in the new
food stuffs has not been explered, Cooking resulted im losses
of caretene im the leafy vegetadble, the losses due to frying
being double the losses due to beiling, WVhen 100 grams of carrote
vere cooked 4in a pressure cooker for five minutes it provided

about 1890 P" of earetene,

(] fec tio t
and B-carotene

There are several physielogical factors which are seldome
eonsidered but which ean influence absorption of vitamin A and
188 precursers (Underwood 197h). These imelude availability ef
the previtamins, presense of ether dlotaxy components like fat,
vitamin B, pretein, emulsified vitamin A and pathelegisal
conditiens such as acute infections and fever (Levis ot al, 1941,
Kimble et al, 1986), tuberculosis, disbetes (Pepper and
Steigmann 1943) heart comditioms or thyroid sbmormalities.
Any diserder which affects fat utilisation such as celiac disease,
sprue, iate¥tinal obstruction, bPile duct abaermalities or
pancreatiec disorders also reduces the utilisation of vitamin A

eompounds. (May ot 21,1941, Kahan, 1970).
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Iafluence of fat on the utilisagtion of Becarotene

and vitamin Al

Dietary lipids do not appear to be as important for
utilising preformed vitamin A as they are for the proevitamins
(vilsen, 1937). Oey Khoen liasm st a) (1967) and Pigueira ot al
(1969) comcluded that dietary fat is not essential for viteamin
A absorption singe young children om lew fat diet, supplemented

with vitemin A and dried skimmed milk, had normal plasma values.

Ia premature infants the amount of vitamin A absorbed
appeared to paralled the smount of fat abserbed (Henley, 194h),
Very low fat diets may significantly deerease sbsorption, especia~
lly of carctenoids, sinece dietary fat from which monoglyecerides
and phospholpids are produced by mormal digestive processes
facili tate sbsorption, Om the other hand, if digestion is
imocomplete, the presence of unhydrolysed fat could cemtribute te
malabsorption of vitamin A active subytnneo- leading to an

inereased dietary requirement.

Many verkers have suggested that the presence er absenee
of small amoumts of fat as the vehicle for vitamin A could
significantly influence the absorption eof vitaemin A im Xwashiorkor

the absorptiomn being poor im the absence of fat, (Srikantie,197S)

Study eonducted By Chandrasekharan (1975) say that higher
levels of dietary preteins and lipids generally favoured the

utilisation of vitamin A and the caretenoids Senger gt gl (1975)
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said that there was no relation between sssential fatty acid

upteke and vitamin A and B plasma levels,

In a study conducted by Roels ¢t al (1958) small amounts
of fat given to young boys wvithout any ether change imn the diet
increased absorption of Begsaretene from 35 per cent to 50 per seat
and at the same time raised their serum vitamia A levels. In
Indonesia, preschool ¢hildren whose habitual diets eontained
adequate amoumts ef Begaroteme, but low amounts ef fat, had low
levels of vitamin A in serum and thise vas raised by mere

supplements of coconut oil (Roels gt sl 1963).

These data indicate that the fat content of the diet may
be an impertant faotor in the asbsorption and utilisation of
B-carotene and vitamin A.

Effec Prg tain Nutriti 8t 8_on Absorptio
Uti op of B-caroten t U

An inter relatiomship between proteims and B-ecarotene both
at the autritional and metabolic levels has been suggested by
several workers (Trowell, 19%h; Serimshaw, 1958; Gepalan, 1960)
in recent years. (Kothari et al 1971). Thus MoLaren in 1958
had observed that a decrease in plasma preteins might impair the
bloed tramsport of vitamin A, This has been resaffinned by
Arreyave and his co-workers (1963) in the case of childrea
suffering from Xwashierker, More recently, Arreyave (1969) has
revieved much of clinical and experimental evidence pertaining te
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the iafluence of protein defieiency en the metabolism eof
vitemin A.

Studies regarding the inf luence of protein nutritional
status on absorption and utilisation of dietary caretene in man
are alse limited, Xt rate, beth the gquality of dietary vprotein
and comtent of proteinm have been shown to iafluence absorptien
of D=ssrotene, In animals maintained on diets providing & per
cent pretein, the absorption and conversion ef Begarotene has been
found to be impaired (Mathews et al 1963). Dietary carotene has
been found te de more efficiently utilised by rats vhen ¢asein
vas the souree of protein than when zein er gluten was the
souree (Berger ot al 1962; James ot al 1953). On the ether hand
activity of the imtestinel ensyme, carotene dioxygense, which
sonverts Begaretene to vitamin A has been found to be higher in
animals maintained on diets providing 10 per ceat protein as
compared te those maintained om 20 and A0 per cent protein
diets (Gronowskaesenger and Velf 1970). Also the activity of the

ensyme has been Sund unsltered in human subjects, after an 8

day peri od of fasting,

In mant, protein mnmutritienal status does net appear te bde
eritical ia the metaboelism of Becaretene, In some parts eof
Afriea, habitual diets eentain red palm oil, which is a rich
source of Begarotene. In such population threugh pretein

calerie malnutrition is wvidespread among c¢hildrea, ecular signe
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of vitamin A deficiency are extremely rare sven among the most
serious ecases of Kvashierkor (Seragg et al 1960), Ia Java, smong
urban school shildren of the peor imcome group vho are predomi-
nantly rice-eaters, the protein iatske was found te be around

38 g daily but the vitamin A intake was low, being ealy 350 tu,
nearly 6 per cent of these children had Bitet spots. Im sharp
contrast, Javanese rural children wvho ate eassava, had only pretein
intakes (10 g. daily) but a goed amount of vitamin A (1000 ug
dauy). In this area EKvashiorkor was frequeatly seen, but |

xerophthalmia was very rare (Xlerks, 1969).

These observations show that, even in severe states of
protein calorie malnutrition, dietary vitamin A and its precursons

are satisfactorily utilised,

Recent studies ia undermourished c¢hildren suffering from
mild and moderate grades ef mealnutrition drawn fros eo—giﬁoo
smong whom ecular signs of vitamin A deficiency are frequeamtly
seen, have shown that such children absordb and utilise Be-caretene
satisfactorily (Lala ¢t al 1970 and Pereira et al 1968) Children
receiving supplements of about 1000 pe of Becarotene threugh
groen leafy vegetables for as shoxt a period as two weeks showved
considerable imersase of vitemin A levels in serum from 20 teo
30 ”/100 ml and 4n some of the childrea who had Bitet spets

this smount of Begarotene breught sbout a climical cure,
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of t n E on the tion of :
t

Vitamin B is a factor which affects the biological
utilisation of vitamin A, (Redregues and Irwin, 1972) low
vitamin B status may exist 4n children affering from hypovitae~
minesis A and PCM, and because vitamin K is needed for effiecient
vitemin A utilisatien, liver storage and may alsc alleviate
hypervitaminosis A it is recommended that vitamin B be included

in the intermittent massive dese formulation, (Baﬁornfoﬁnd

st al 1974)

Vitsmin A absorptien is markedly fmpaired in vitemin B
deficiency. Oral supplemeamtation with d-alpha-tecepherel
increased the utilisation of orally administred vitamin A about
sixfold, Even vhen wvitamin A vas administered 1ntrnn‘l‘uu1-rly
in emulsified from ferm, utilisation in the vitamin E deficient
animal was low, With simultanecus injeetion of vitamin E, vitamin

A utilisation wvas markedly increased {Ames 1969).

The effect of vitamin E supplements en the absorption
of a massive dose of vitemin A was studied by Kusin ot al (1974)
ia 17 nermal children. The addition of 40 and 100 mg of vitamin
E to the massive dose of vitamin A has mo effect on the absorp-
tion or retentien of vitamin A, vhere as vhen 500 mg of vitamin B
was given, there was a significant increase in the intestinal

absorption of vitamin A and also inerease in urinary exeretion.
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Thus the influemce ¢f vitamin E im improving high vitamin
A utilisation 4is not limited to improving imtestimal absorptiom.
Vitamin K is essential for the normal in vive utilisation of

vitamin A,

Effect o ) 4 t th tion of t 3

Fellowing eral sdmimistration, plesma vitamin A levels
rise more rapidly with emulified vitamin A than vitamin A in eil,
Emulsgification inereases the speed of absorption ef an eral deose
of vitamin A but does mot increase its bielegical utilizatien,
(Ames 1969), However, emulisification greatly enhances the
bielegical response of imtramuscularly administesed vitamin A,
In general, the greater the proportion of emulsifier, the greater

the bieclegisal response.

Effect of infeetion. the abporption of vitsmim A end
B-c!rotogl

Recent studies with the use eof 1112 312 retinyl acctate
in physioslogical amounts have shown that during acute infective
spisocdes, the intestinal absorptien ef vitamin A is condiderasdly
impaired (Sivakumar gt sl 1972)., Imn communities wvhere vitasmin
A deficiency is vwidespread, children are exposed te recurrent
infestions, and 4f the dietary intake of vitemin A is marginal
or insdequate these episedes of infestion may be expected to

lead to depletion of hepatic stores,
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Infective episodes are associated vwith a fall in
eirculating levels of vitamin A. In subjects suffering from
diseases such as lobar pneumonia, pl,epu.'nl effusions, acute
tonsillitis, rheumatie fever, erythema nodosa, Jjaundice, malarisl
fever indused for therapy of syphylis and infective hepatitis,
the concentration of serum vitamin A is known teo fall substantially
but returans to mormmal, however, fellewing recovery without any
dietary supplements (Harris gt al 1947, Jacebs et al, 1934,
May gt al 1940) Moore 1937, Popper gt a2l 1943, Shank et al
19h4),

In many parts of the world ecular signs of vitamin A
deficiency im children and heavy infestatien with Ascaris
lumbricoides ce-exist. Recently, Singh et al (1968) heve found
that mature round worms .eontuinod}ao much as 1,33 Tu/g vitamin A
in contrast to earthvorms which had me vitamin A imftheir bodies.
They have also found that in childream with reund worms the mean
serum vitemin A level was 1k P;/too ml as ageinst a mean value

of 21 P‘/1GO ml,

In subjects Suffering from Parasitis diseases in Thailand,
Migesena (1969) has observed low levels of vitamia A in blood,
and has attributed this to reduced abserption of vitamin A, as
Judged by vitamin A tolerance test,

Sheehy ot al (1962) have reported that sbserption ef
vitamin A 40 impaired ia sefvere hook worm infestation while
Leonard and Senevell (1964) have found im their subjects with
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severe heok worm infestatiens, im Afriea;, that vitamin A
absorption tests vere normal and that the lew levels of serum
vitemin A seen in them ceuld not be explained on the basis of

imspaired absorption,

Heymann (1936) has shown that infection decreases the
abserption ef caretene and Lawrie et al (1941) have reporsted that
in some disesses, like preneumonia and influensa, there was consi-

derable excretion of vitamin A in the :ﬁnu

Repeated attacks of respiratory infections and gastero-
enteritis may enhance the vitamin A regquirements by interfereing
with intestinal absorption ef the vitamin (Reddy et al 1972). Ia
children, whese dietary intakes are lov and vhose dody steres of
the vitamin are marginal this may precipitate clinical manifesta~
tions of vitamin A deficieney, High incidence of 1ntoot£ono may

thus contribute significantly to the widespread prevalence of

vitamin A deficiency in children of poor cammunities.

Studies on Biologjocal Availgbility of B-Carotene

Studies om human abserption of food carotene are limited
and the data available are variable., It is difficult to prediet
wvith eonfidence, the availability of B.carotene, as in many
studies, the method of estimation of B-caretene has inocluded beth
x and B.carotene and im some studies ether carotenes as well

(Brikentia 1975). Absorption eof B_carotene has, however, been
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found to be much higher than that of total careotenes. Absorp-

tion of B_-caretene from different foods varied wvidely,.

Balanced studies conducted by Vinodini Reddy (1970) in six
undernourished preschool children to determine the efficiency
of absorptien eof B-carotene ttoq.-uranth shewed that the abserp-
tion of B_caretene was about 70 per eent similar to that of
normal adults, There was also a signifieant inerease ia serum

vitamin A after the feeding trial,

Murthy et al (1972) cenducted a study om 10 women cellege
students, wvhe vere given a daily supplement of 100 g of carrets
providing 1890 pe of B careotene for 20 days and estimated the
sorum vitamin A levels initially and on 21st day vhich shoved a

significant increase of 2.8 ’u/-l of the serum.

A study was cenducted by Ree ot al (1970) en the abserptien
of caretenes from a leafy vegetable a reot vegetable, a fruit,
orystafling B csroteme and s mixed vegetable seurce im foeur esdult
volunteers on diets lew fat vas studied, Vhile erystalline B-
cerotene was completely sbsorbed, the mesn percentage absorptionm
of carotene from amarsnth, carrot, papays and the mixzed vegetable

source were 358, 36 46 and 33 respectively.

Pr L of B carot oor diet [ 1)

Preformed vitamin A 418 present only in foeods of animal
origin, vhich sre expensive, On the other hand rich sourees of

Begarotene such as green leafy vegetables are in expensive and ¢can
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totally meet vitamin A requirements of childrean., But inm the
diets of children belonging to the poorcommunities among vhom
vitamin A deficiency is s major public problem, green leafy
vegetables are not included for reasons other than cost and

availability,

The use of leafy green vegetables as a source of vitamins
in young child feeding has been widely endorsed (Protein Advisory
group, 1973) but, of course, green plants have the ¢drawbacks eof
high moisture content, 8% per cent or higher, dietary fibre.
Because of these factors it 1is often difficult, particularly for
children to consume sufficient green plant material to prowvide

significant amounts of many of the vitamins,

Leaf protein comcentrate since it derives from leaves,
would be expected te contain substantisl smounts of most vitemins
found in plants. (Devadas and Kamalanathan, 1975) The actual
quanti ty will, of course, depend on a number of factors among

them the feollowing,

1s The plant source: both the species and the variety
published date on green vegetables clearly shows the
difference (Walt et al 1963),

2, The conditions under which the plant is grown the
smount of water and fertiliser the plant receives
as well as

3. The protein processing conditions, These would include
such 4tems as the method used for c¢oagulation, the
smount and type of washing, and the drying conditions,
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In the prepsration of leaf protein concentrate just as
in the cooking of green vegetablaes there is a considerable loss
of the various water soluble vitamins, It is estimated that 25
to 40 per cent of the B cemplex vitemins are lost, The most

extreme loss hovever, it that of ascorbic aciad,

The losses of fatesoluble vitamins are lessework done
by the U.S department of Agriculture group involved with leaf
protein has shown that the loss of B-carotene is only 15 per cent
(Kmuckles ¢t gl, 1970) when the process is carried out in

recommended manner.

As can be seen the Leaf Protein concentrate is an extremely
rich source of B carotene, provitamin A. In fact just a few
grams of Leaf Protein concemtrate a day will provide the entire
dfiily vitamin A requirement, leaf protein is the richest matural
source of Vitamin A obtainable. It has almost twice the vitemin
A sctivity of leaf lives and ten times that of fresh green

vegetables, (Bray, 1975)

It may be concluded that leaf protein concentrate is a
particularly rich source of most vitamins needed in the human
nutrition. Unfortunately, it is= a completely overlooked source
at present) a situation which it is hoped will be changed in

the near future.



IYXI, EXPERIMENTAL PROCEDURE

The present study wvas designed to estimate the bioclogical
utilisstion of Becarotene from smaranth and Leaf Protein foods
as compared vith standard B<gcaretene in fifteen preschool

children st four differemt periodas,

Ae Selection of s ects

The study was undertaken on fifteen children of 3=5 years
of age selected from Sri Avinashilingam Balwady. The sample
included seven boys and eight girls, They were studied four
times during the calendar year 1975, in the month of September,
October, November and December. None of the: chikiren possessed
any inherant disorders which might interfere with the study.
Their eyes were also tested to check the presence of any vitamin
A deficiency symptom. Their age, height and veight wvere also

noted down.

B, Estimation of B_carotepne in the foods)

The amount of total carotene and that of Becarotene
present in Leaf Proitein md anmaranth vere estimated using the
procedures of Thompson et al (1946) and that of Nageswara Rao
(1967) using alumina columns The detailed procedure is given ia
Annexure I. The Be-carotene values determined by the above
procedures vwere made use of while formulating the diets for

the feeding programmes,
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Ce Conducting Yeod Weighment Surveys

A five day food weighment survey was done in the families
of the subJjects, The children lived at home and ate their ususl
family fare without any dietery modifications for the study,
During the study period the children were not supplied with any
vitamin or vitamin mimeral supplement, The average B-carotene
intake of every childrem per day from their home diets was
calculated., This facilitated the estimation of the amouat of
Becarotene rich supplement that had to be =mided to the diet at

the Balwady.

D. Formulation eof t Balw lement diet

Bssed on the food weighment survey a supplement diet ves
formuleted, This balwadi{ supplement was scme BPut the scurce of
B=carotene fed was different for the various phases of the study.

The balwady supplement is given in Table I,

TABLE X
SUPPLEMENT FED AT THE BALWADY PER CHILD PER DAY

No. Yood stuff Mean daily imteke Becarotene ps -
Te Mai se 70 63
2, Pulse 30 25
3. Jaggery 20 34

e L T X X ¥ 3 v ryr t 3 4 2 2 B 2 3 7 & 2 3 4 4 2 1 J

Total 110 122
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The source of P=garotene added to the balwedy supplement
during the different periods included amaranth, LP and the
standard Begcarotene: The B-carotene source vas fed to the sube
Jects along with uppuma and laddu since balwadi supplement
vas given in that form. The preparation of uppuma and kaddu are
given in Annexfure II, The different sources of B-carotene

given are shown in Teble IX,

TABLE II

DIFFERENT SOURCES AND AMOUNTS OF B=CAROTENE FED TO THE
TARGET CHILDREN DURING THE FOUR PERIODE OF THE STUDY

Amount Begarotens

Poeriod Source of Becaretene given content

1e (Basal periocd) NIL Negligible

2. Amaranth 4o ge 1200

Je Leaf protein 8 ¢g. 1200

be Standard B-carotene 1 ml of 1200

solution

Ee C (] t g L 1 )

The feeding schedule was divided into four different

periods.,

Perjod 13
During the first period, for ene momath the children

were fed the balwadi supplement along with home diet without any

extra source of Becarotene,
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Perjod 23

During the next moanth the same children were fed with
amaranth as a source of B-carotene along with the balwady
supplement, Amaranth was obtained from the nearby local market
and the samples of the vegetables were analysed periodically
for Begarotene content before and after cooking, The cooking
losses wvere determined and accounted for in the finalisation of
the quantity of the supplement, About 40 g, of amaranth was added
along with uppuma. The average amount of B-carotene provided
by gmaranth was 1200/h¢. This level was chosen as it represents
one day's requirement of B-garotene for preschoel children as

recommended by ICMR,

Period 3

During the following month children were fed with LP
as a source of Becarotene along with the balwady supplement,
Leaf Protein that wvas required for the feeding was obtained from
the leaf protein plant® loocated at the colleges This LP was
incorporated along with the laddu and was given to the chilren,
The cooking loss was only 10 per cent since the prosess of
preparation of laddu inoluded just five minutes of steaming.
The average amount of B-carotene provided by it as estimated

was 1200 mge The preparation of LP is given in Annexture III,

# IBP pulper with belt press
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Poriod U4

During the following mokth the ssme subjects were fed
with 1200 pg of standard Be.garotene a commercial BDH preparation,
The teblet was carefully diluted in cocomut oil to obtain a required
dilution., 1 ml of this soclution was equivelent to 1200 pe. of

Begaretene which formed the source of B-carotene.

Fo Collection of faeses for gnalysis;

The faeces was analysed for three days prior to the termimae
tion of treatment. During this period, fecal markers were used,
pPlastic containers with covers vere supplied after moting the
weight ofthe containers, befoxe giving them to the mothers of the
individual children. Another set of containers wvas kept in the
Balwady to collest defacation in the Balwady., After 24 hour
collection, the collection of the individual childrem were pooled,
the total weight of the faeces recorded correct to one gram
after substracting the weights of the contaimers. A portion of
the seme veighing about 10 ge was taken up immediately for
analysis, Total ameunt of B-carotene present in the faeces
were estimated using the procedure of Jagannathan and

Petvardhen (1960) Annexfure IV,



BraseLINE PAraMETERS

Periop. 1.
Enp Or Feeping BarwADy
SUPPLEMENT DIET
PerioD. 2.
Enp Or Feeping AmarantH
ALONG WITH BALWADY DIET
?ER\OD. 3.
v
Enp OF Feeping LP
ALONG WITH BALWADY DIET
’PER\OD.L,.
v

EnDp OF FEEDING STANDARD
PC&ROTENE WiTh RAwwADY DIET

Fie. |

Scveme OF THE STuDdy



Go Egtimeting the pvailebility of B-cgrotenes

The amount of B-caretemns available te the body was obtained
by calculating the B-caroteme intake through feods and Be.
carotene exeretion through faetes, The difference between these

tvo values gave the Begcarotene utilizatien or availability,

He Estimstion ef serum vitsminm Al

Nearly 5 ml of Bloed was drawvn fam the amtecubital vein,
with heparin as am snticeagulsnt, and the pleasms was separated,
Serum vitamin A was estimated following the method of Neeld and
Pearson (1973), and the solutien was read om a Beckman Du
Spectophetometer at 348 mu following the proeedure of NIN, 1971
(Annexture ¥).

I. Eptimetion of serwm totgl protein epnd albuminm:

Because of some of the imterrxelatienships between preteins
and vitamin A (Fry ot al 1975) 1t wae important te ebtain an
estimate of protein nutriture of the target childrem. Accerdingly
total proteins and albumin levels in serum wvere determined by the

Biuret method. The methed used is givenm in Annexiure VI,

Je Egtimation of Hasmoglobins

About 20 cubiec millilitre of bleed was drawn through
finger prick artd the semple was analysed for hasmoglobin using
cysnmethemoglobin methed as given in NIN, 1971, The method used
@8 given in Annextfure VII., This was dome at the beginning and
at the end of the study period,



Ky Record of incidemcse of jligess?

As tl'm children were partieipating in these feeding
programme fox a period of four months the incidence o‘fﬂciﬂmoﬂl
in these children was Yecorded all through $he period fo uol
whethes or not supplememt had any 411 effests on the children.
A monthly record was kept on the type ef sickness and its

duration,

The ob tained dates were statistieally analysed, The mean,
standard deviation and gosfficient ef sorrelation wers found ou$
for different groups of values and were compared, 's' test was
also mesed to find out the level of signifieance and fer the

somparison @f groups,



IV. RESULT® AND DISCUSSION

The present study was aimed to assess the biolegical
utilisation of B-caretene from amaranth and Leaf Pretein (L.P)
as compared with standard B-gsaretene im fiftean pre scheol
children with 38 te 355 months of age and belonging te poor secie
sconomic status, The target children were partiocipating inm a
Balwady feeding programme and their diets were further supplemented
with three different scurces of Begcaretene namely amaranth,
LP and stanxiard Becarotene and the excretion of B~earotene ia
the fapes were analysed during emeh phase of the study peried.
The difference between both gave the bioclogieal availability ef
Becaretene. Serum vitamin A levels, serum tetal proteims and
nlbuniil and blood haemoglobin levele were also useful indiees of

evaluation for this study.

General background eof cipat chil
thelr families

The femilies of the target bemeficiaries delonged te a poeor
socie economic group., The menthly income of all the families
of the target children was detveen rupees 200 and 300, Casual
labour in a textile mill and ceoli (day labour) were the main
soccupations ef the parents of these fifteen target ochildrem,
The educationsl attainment of the parents was poor., Fifty per
cent of them were f1lliterates and the rest had had some school

education, All the children were from nu¢lear families.

. ad
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The fifteen target children were drawn from a speoified age
group betwveen 38 and 5% months, free from any known diseases
and they were net participating im any ether feeding programme.
Table IIX shows the age md sex status of the target ehildren
along with their heights and wvaights at the beginning of the

study.,

TABLE IXX

AGE AND SEX S8TATUS OF THE TARGET CHILDREN AND THEIR BODY
HEIGHTS AND WEIGHTS AT THE BEGINNING OF THE STUDY

._-.--.--“...‘----.----.ﬁ'-.---.--.

Sloy e lene) e | Jeelimy | Sverin
L I ‘v’ loy 12,6 88,8
26 % ] Boy 12,.% 91.9
’0 h, Boy 13.‘ 9&.8
4, iy Bey 1149 84,9
[ 5s Boy 12,9 99.6
6. 49 Boy 1.7 88.5%
T 48 Boy 14,7 98,6
8. kS Girl 12,4 91.3
9 40 Girl 9.9 81.5%

10. 42 Girl 11,3 85,6

11, he Girl 11k 92.3

12, ko Girl 12,0 91.5

13, 38 Girl 12,1 93k

1h, 35 Girl 12,5 99 o4

15. ho Girl 1.7 88.5

- ® » @ ® B P e e e e @ P * e P = P e B e T e e w -G O O we

Mean b7 1215¢1.07 90.645.116

- Ww ® ® e ® o G B ® B > ® e S S W B e G W = B S e PO e
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Among fifteen target childrem seven of them were beys
and eight were girls. The target ehildrem did mot have any
obvious signs of malnutrition byt their heights and weights were
peore VWhen compared with the percentile values for height and
veight of wellete-do prescheol Indian ehildrem (NIN, 1975), the
target children vere belew the 25th percentile. Thus the c¢hildren
whe participated in the present study wvere subclinically malnoue
rished; they were poor in their attainment of body heights and
veights, showing growth retardation, when compared with their
vwell nourished Indiasn counterparts, but did not have the obvious

signs of PCN eor vitsmin A deficiency syndromes.

t and Nutr t £ dr

Food weighmeat survey was carzied out for five consecutive
days among the target ehildren and their families: The mean food

intake of the ehildren are represented fan Table IXX, I\

TABLE X 1V
MEAN DAJLY HOME FOOD CONSUMPTION OF THE TARGET CHILDREN

R.D.A. Quantity consue
Foods I.C.M.R.{(1971) med by target
g children (g)
- = o e v e ® o - e = P e o 6w O e e S ® s e %P o v e B = o o
Cereals (Rice, Cholem, ragi
or Jowar 200 220
Pulses 60 12
Green leafy vegetables s 10
Other vegetables and roots and
tubers 50 20
Fmits %0 e
Nilk and its products 200 25
Pats and oils a5 5

Sugar snd jaggery ko 6

- e e S @ o e ® > W = - & . - . . * e =w- g v o @ o G S & > G- =0
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r-
The consumption of cereals was even highe, than the ICMR

(1971) recommendatioms. But the consumption of pulses, vegetables,
milk and fruits were below the recommended allowances of the
ICMR, (1971). Consumption of green leafy vegetables was very
low, and even if the families cooked the green leafy vegetables

the pre school children vere not fed this item of the mean,

The common breakfast items in the target families wvere
left over rice, uppuma, i1ddli or chela kali. For lunch, rice or
cholam was used vwith sembar, The seme rice or choles kali and
sambar vwas kept for dimner. Thus the family menu had ne variation
or variety. Target children who participated in the study were
given rice, Jowar or ragi. Food was cooked usually once a day
or in a few cases twice a daye Children were given the sambar
only if 4t was not spicy and hot (Pepper). A vegetable piece

from the sambar vas eccasionally served to the children.

The nutrient intake of the target children was calculated
from the food cenmsumption weighment survey. The mean mutriemt

intake of the target childrem are givenm in the Table V.



TABLE IY.

#MEAN GALORIE PROTEIN AND B-CAROTENE INTAKE OF THE
TARGET CHILDREN

o» e e ® & & ® ¢ P O e 6 OB TE Eew -~ ™ PG e e ® D G e ®

Diet ReDeA.
Ne, Nutrient Home Balwady Total IcMR (1971)
| Calories 860 a20 1280 1500
2 Preteins (g) 20 15 35 22
b BeCarotene gug)-vso 122 272 1200

- & ® o P ® o ® * e P o %6 B o een - = @ e O ® & - »>» o " 86 @ o »
* Data sellected through the five day vweighment survey, on 13§
target ehildrens
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Ag shown ia the table i¥, there was mot preteimn gap im the
diet of the target children dut there was a e¢alorie gap: The
main locuna in the diets of the pre wmhool children wvas a food
€ap and not a pretein gap as reperted by Gepalan 1973, Thus in
a cereal based diet if the calerie gap is closed by an extra
cereal pulse supplement, the calorie gap is overcome with an
increased protein intake. But the defiocieney of vitamins and

minerals can not be evercome by a cereal pulse supplement alene,

The dietary intake of Beocaretene of all the subjects was
as lev ad 1350 pg from their home dietss The home diet aleng with
the balwady supplement provided 272 F; of Becarotene. The low
intake of prefemed vitamin A or B-carotene vas because e¢f the
inadequate censumption of green leafy vegetables, other vegetables,
milk and milk products. Their B-gareotene intake from the home

diet met only 10-13 per cent of the ICMR re¢ommended allovances
(1971).

The home diets were surveyed in the target childrea
before supplementation was initiated, and the survey wvas repeated
six months later. No significant differences in Sthe imtakes of

home diets between the twe perieds were meticed,

In erder $¢ formulate the dietary supplements, the B-
carotens content of smaranth snd LP were analysed using alumina

column,
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Identific o £ different fractions obt

In the case of smaranth and LP, about three bands were
separated on column chromatography. Spectra of all the
fractions are shown in Table VI, The first bend was B-carotene
eluted with 1 per cent acetone, Other bands were not identified,
'rho‘othot bands required high polarity solutiom for elution.

The fractionation was also done on calcium hydroxide column but
comparing the result with alumina there vwas no difference. No

1 somers of B-carotene were found with either of these methods,

TABLE VI

SPECTRA OF FRACTIONS OF CAROTENE AS SEPARATED BY
AN kBB ALUMINA COLUMN

- B @ W W e P g O e W " e e ® @ - e e S ® & > "W S e W - e

Ne. Band Speo trum ('P) Identity
1. 1st band 420,450,478 B-carotene
2. 2nd band 25, ,44% k70 Unidentified
3¢ 3rd band L2%,445 478 Unidentified
B-ogrotene content of smaramth and 1PC

B=gcarotene content of smaranth and LP which were fed to
the target children ss sources of B-carotene wvere analysed and
the values obtained are presented in the table VII, These two
foods were analysed at four different days taking duplicate

samples each time to determine the mean Becarotene content.
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TABLE VIIX
B CAROTENE CONTENT OF AMARANTH AND LP

—2 carotene content Standsrd
No, Food stuff Range Moan Deviation

g /100g, &g/100 g.

Te Amaranth 2800-3100 3000 2200
24 Lr 13950=-14100 1ko00 2100

Effect of cookimg on the Becprotene content of amargnth
and LP3

The B-carotene content of amaranth and LP before sd after
cooking and the cooking losses are presented in Tadble VIIIX,
While amaranth was supplemented to the childremn through a uppuma

preparationd leaf protein (LP) was fed im the farm of a laddu.

Cooking £ green leafy vegetables by incorporating in uppuma
resulted in losses of B-carotene. Aibout 20 te 25 per cent of
Bocarotene was lost in cooked smaranth and about 10 per cent of
Begcarotene was lost in LP in laddu preparation., The cooking
losses vere minimum sinee frying which causes greater distruction

of B_carotene vas completely avoided in the present study.
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TABLE VIII

B=CAROTENE CONTENT OF RAW AND COONMED AMARANTH AND LP ALONG
WVITH THE COOXING LOSSES

Becarotene content of  Cooking Percentage

iosses of of Bocaroe
rav food cooked food g . _.o. tene lost

Ne. Food stuff

ue us tene in cooking
ug
1. Amaranth 3000 22%0 750 25*
26 LP 14000 13600 1400 10%

The percentage of Bocarotene present as against total
carotene in raw and cooked smaranth as observed in this study
along with the values in the othex published reports are given

in table IX,

In the present study the cooking loss that oceured when
amaranth was cooked by boiling in mmell samount of water and
incorporating the mmme in uppuma receipe was 25 per cent,
According to Rajalakshmi et al (1974) when greens were cooked,

the losses vwarted from 27 to 4O per cent,

Previous reports (Nageswara Rao (1970 and 1967), Vimedini
R.ddy(1970) have showa that Becarotene ie the major carotene ina
rav amaranth and in other green leafy vegetahles and the values
reported ranged betweem 76 to 96 per cont., Negeswara Rao (fjo)
4n his study found that in cooked green leafy vegetables the

percentage of B-carotene was lovered compared to in the raw feod,
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Similar findings were shown by Vinodini Reddy (1970)., In both
the above reports the psroentage of B=carotene present in

smaranth after cooking were about 356 per cent and 42 per cent.

TABLE IX

PERCENTAGE OF B«CAROTENE AS A FRACTION OF TOTAL CAROTENE IN
RAV AND COOKED AMARANTH

Percentage of Becarotene present

Ne. Report i
Raw smaranth Cooked amaranth
1e Nageswara Rso (1970) 96% 56,89
2, Vimodini Ready (1970) - 2%
3. Preseat study 86% 70%

Becaroten ntake by the t t ¢ dren during the varjous
phases of the studys

The target childrem were fed with three different sousces
of Becarotene nmuely amaranth, LPC and standard B-carotene at
three subsequent perioeds. Prior to all these a basal balwedy
supplement diet was fed during the firet period which provided
very 1little quentity of Becarotene, The different sources of
B=carotene and their amounts fed to the target children are givea

in Table X,
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TABLE X

QUANTITY AND SOURCES OF B=CAROTENE FED WRING VARIOUS
PERIODS OF THE STUDY

- s @& @ A e P T e e B & O " W P W @ e S B % " S e w - e W O o =

Supplement diet Amount fed Be-caroteme Rgcommended

vith sources of per child content allowances
Period B-carotene per day ICMR (1971)
pe ne
- - = -~ == - - - - » - - - - - - - - - - - - - - - - “w - - - - -
Period I Balwady diet
alone 110 g% 122 1200
Period 2 Balvady diet
+ amaranth 110g + LkOg 122 + 1200 1200
Period 3 Balvady diet
+ Lp 110g + 8 g 122 + 1200 1200
Period 4 Balwady diet
¢ standard 110g ¢+ 1 ml of
Becarotene the solution 122+ 1200 1200

- W ws o B e g B W @& W T W W e ®E @ W W W " W ™ S e e e - OB - >

Excretion of Be-carotene in_the fj%gl of children fed with balwady

[ ] lement alo with the home diet:

Analysis of the Bglwady supplement for {its Becarotene content
proved negligible (122 mg per day per child) when compared with the
recommended allovances. Hemce this was taken as the basal period
of the studys The subjects were fed with balwady supplement for
a period of one month. The mean faecal weight and the mean B-
carotene excretion analysed during the last three terminal days

of the first period ware given in Table XI,

* 110 g ofgijlwady diet consisted of 70 g maize, 30 g pulse
and 20 g. Jjaggery.
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TABLE XI

B<GAROTENE EXCRETION THROUGH FASEES DURING THE BASAL PERIOD
BY THE TARGET CHILDREN

(MEAN YALUE OF THREE DAY ANALYSIS)

- - & e "S> Se e e g "SR e s S e e e

Ne Weight of the Exeretion of
* - faeces in g« Begarotene rso

- e 5D S 5O P OO P e P e Se &> - & ® OB & © ® o - o

e ' 8% 8.1
2, 110 o 10.8
p I 130 ‘ .2
k. . o4 I3
5, 120 38
6. 138 ' 42
T. o7 25.2
8. - 89 20,1
9. 129 2.2
10, 157 o,
11, 79 . A
12, 35 his o8
13. 98 10.5
1h, 105 3
15, 101 12.4
Néan 110 238
g:::::ign & 20,22 213.6

- % O O e ® O ¢ e M e S P ee P e S e " eSS OO s
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Pielogical utilismtion of Pe=carotene from three different
seurces namely amarsnth LP and standerd Becarotene:

Duplieate samples of the cooked foeds fed with amaranth
as a seurce of Bugerotens was analysed fer the Besaretene content)
From this the intake of Beoarotene by the target children wvare

determined,

The aversage value ef Bacarotene sxoxeted om a balvady
supplement and home diet wers substracted from the amount of
Becarotens excreted in faecces after feeding the diet with
amaranthe The difference was taken as exeretien of Becaretane
from amaranth, This calculatiom was dosie fellowing the precedure
of Vinodini Reddy (1970), The difference betwesn the imteks

and exeretion gave the amount of Becaretene utilised.
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TABLE XIX

PERCENTAGE UTILIZATION OF B CAROTENE FROM AMARANTH BY THE
13 TARGET CHILDREN

- o & @ ® W o ¢ O T @ O\ ©® G P o S O D e O S o o - o ® = o w» o

Amount of Begaretenme Fesal excretion percentage

in cooked amaranth of B-caretene utilisation eof
KReo pe from amaranth l::::::::o from
1. 900 351.9 60,9
24 900 5292 h,.2
3¢ 900 kit 8 5049
ko 900 326.5 6347
L) 900 538 60,3
6. 900 318 6k,7
Te 900 394,.8 56.2
8. 900 195.9 78.3
9 900 281,.8 68,7
10, 9090 8939 60,5
1%, 900 283 .6 68,5
12, 900 339.2 62.3
13. 900 251.5 73.2
1he 900 a7 LY |
15. 900 323,.6 64,1
Mean 360 61.4
Standard Deviatien 496,32 29.35%

After supplementation ¢f amaranth, the exoretion eof B-

carotene in faeces was markedly imnoreased in all the subdbjects,
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It 48 apparent that there was considerable imdividual varistien
for the fecal excretion of carotenes. Average percentage of
utilization of B-carotene vas ;&é% per cent of this study amd
this is similar to that of Vinodini Reddy's (1971) where the

utilisation 18 63.8 per ceat.

TABLE XIXX

PRRCENTAGE UTILIZATION OF B<CAROTENE FROM LP

Bogarotene consumed Fecal exzeretion eof Percentage
Ne. from cooked LP ne '-ezgotono from :tiltlatloa of
r; =carotene
from LP
e 1080 111,.9 90
2, 1080 233.2 78.h
3. 1080 177.8 83.6
4, 1080 246 .5 T7 «2
L 19 1080 190 82.4
6, 1080 330 69.4
Te 1080 286.8 73k
8. 1080 315.9 70.7
9. 1080 k49,8 58.3
10. 1080 307 .9 71.5
11, 1080 129,6 88
126 1080 363.2 66.4
13, 1080 253.3 76.3
14, 1080 237 78,1
1%, 1080 207.6 86.)
Mean 256 76.7
Standard deviatien +86,.34 47483

- W = o ® @ e e ® P P ® ® e & & BB w P o= e P e " = o S =a®

The table XIXI gives the mean B-garotene exsretion

during LP supplementation phase, Average percentage utiliszation
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of B-gsarotene from LP was 76.7 per cent, and the abserption

ranged widely between 38,3 per cemt and 90 per cent,

TABLE XIV
PlﬁBIITABE UTILIZATION OF B CAROTENE FROM STANDARD B«CAROTENE

- & o w o o * W B > o > o b o 0 o B O @ O - O Ww S @ & O P - B DS

Standard B-cerotene Facal excretion Percentage
Yo, consmmed of Becarotene from wtilization
ns std, Becarotene of B=carotene

R
1e 1200 113.9 90.5

2 1200 137.2 88.6

3. 1200 181,8 84,8

bo 1200 191,53 84

Se 1200 1he 87.6

6o 1200 183 84,7

Te 1200 214,.8 82,1

8, 1200 189.9 842

e 1200 199.8 83.3

10, 1200 194 .9 83.8

11, 1200 ¥75.6 83.3

12, 1200 190.2 84,2

13, 1200 171,.5% 85.9

1h, 4200 163 86 .4

15. 1200 177.6 85,2

MNean 17546 85 .4

o = @ % o @ W @ W g O S ™ @ S g O P = G B G S ®© P S & © =& 9 ®© S o



b7

The mean values of three day faeces analysis for B-.carotene
excrstion during the standard B carotene feeding regimen is
given in table XIV, The mean utilization of B_carotene vwas
83.4 per cent, which is the highfest utilization compsred to

the earlier food mources.

TABLE XV

COMP ARISON OF PBRCENTAGE UTILIZATION OF B CAROTENE FROM THREE
DIFFERENT SOURCES IN FIFTEEN TARGET CHILDREN

- e ® & @ e % > » © ® & o o B G G ® T = @ S ® WP @ " P S T S & T =

Percentage of B-carotene utilixed

Ne. Sources of B-carotene Mean Range S8tandard Devia-
tion

) I Amaranth 61 .h ‘C, .2-7803 2‘3035

3e Standard Becarotene 854 32,1=-90.5% +6,145

- e ® o W T & o £ 9 @ T G D O T P g W g ® @& S W & W» g5 O 5 =W S » =

The percentage utilization of B-carotene from the three

food sources are presented in table XV,

Vhen the balwady diet was supplemented with 40 g, of
amaranth per day per child supplying 12060 B&e of B-garotene, the
absorption of Becarotene was 61,4 per cent, VWhen amarsnth vas
substituted by 8 g of LP supplying an equivalent amount of 1200
f" of Becarotene per day per person thexe was further increase
of B-carotene absorption, the value being 76.7 per cent, This
increase in absorption of Becarotene from LP and was significantly

higher than from amaranth, among the target children,
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Vhen LP{ was substituted by 1 ml standard Becarotene
solution providing 1200 r‘. of B-carotene per day per person the
alisorption further increassed to 83.4 per cent, The absorption
from standard B-carotene solution was significantly higherthan

absorption from amaramth on LP,

The results of this study suggest that though the intuke
of B=carotene was same, the percentage absorption of B-carotene
vas different for different food sources. The absorption being
maximum for the standard Becareiene, next for LP and then for -
amaranth, The study further confirms that vitamin A requirements
can be successfully met by supplementing the pre-school child's
diet with green leafy vegetables like amaranth or LP; Both
amaranth and leaf proteim contain several other nutrients besides

B=carotene,

Cosgt alveais of the su nts

Table XVI gives the quantity and cost of different foods
that can provide 1200 r. of Becarotene or 300 ps of retinol to

meot the daily regquirements of & pre aschool child,
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TABLE XVI

QUANTITY AND COST COF FOODS THAT PROVIDE THE DAILY B-CAROTENE OR
RETINOL REQUIREMENT OF A PRE SCHOOL C HILD

No. Food stuff 1“‘2*6':*;:’: O 5o0d containing Cost#

[ £
1. LP 8 1.6 paise
2, Amaranth Lo ik paise
3. Milk 137 50 paise
4, Butter 50 125 paise
5e Egg 50 4% paise

- " B e ® W S S ® S W W > = S e e P S e ® & W e - - ®w - - e o

* as per prevailing prices during Feb. 1976 st Chinthameni
Supermarket, Coimbatcre.

As per table XVI, the best Bocarotene food sourcas which
eve of low cost ere smaranth and LP, Such econemic and low cost
source of Becarotene which in mmall amouats successfully provide
the required amount daeily should certainly be incorporated in

the diets of the children to overcome vitamin A deficiency.

Changes in serum vitemin A after feeding various sources of
B=carotene:

The mean serum, vitamin A values of the children who were
fed different sources of Becarotenme like smaranth LP and standard
B-carotene along with balwady sipploment diet are given in the
table XVII. Initial and final serum vitamin A levels before and
after 4 months of supplementation were snalysed for their signi-

ficanceas
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TABLE XV1I

MEAN SERUM VITAMIN A LEVELR OF THE 15 TARGET CHILDREN BEFO RE
AND AFTER SUPPLEMENTATIONR

No Dietary intake Serum vitamin A level
¢ of B-carotene ug/100 ml,
1 272 ng 20,524 ,39

o W B W e W e ® & W @ T = &= ® = e e W A e & ¢ S @ s ® & @ w e e S

The result shewed that there was a significant increase
in serum vitamin A levels after feeding, the different sources of
B-carotene for 4 months among the target children, This
indicates that in these children, Becarotense wvas not only
absorbed adequately but also converted to vitamin A and utilized
welle A similar ebservation has been reported by Pereira and
Begum (1968) whoe found an increase in the serum vitamin A levels
in children after feeding green leesfy vegetables for three months,
Vinodini Reddy (1970) obtained this effect in as short & peried

es fifteen days.
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S tot tein n ols of the target o drent

Table XVIIX depicts the total proteins and albumin levels
in the serum of the fifteen target childrea, During the fourth
month of the supplementation period the serum proteins were
analysed, The mean values of the serum totel proteins wvere
6.720.68 g/100 m1l, and of albumins were 3,5¢0.35 g/100 ml and
of globulins were 3.2¢0,68, These values vwere simils to those

reposted by Pereira et al, (1969) and Vinodini Reddy, (1574).

TABLE XVIII
SERUM TOTAL PROTEINS, ALBUMINS AND GLOBINGS

- e » e e ® o W™ W B & ™ e v e = =& - - - - W & W ® > o » * & = =

¥o Total proteins Albumins Globulins
* g/100 ml g/100 ml e/109 m1
1e 7 3.8 3«2
2, 6.2 3.b 2.8
e 7ol 39 3.5
b 5.9 3 2,9
Se 6 3.1 2.9
6. 7% b1 3.6
Te €.8 3.7 3.1
8 37 2.9 2,8
9. Te2 3.9 33
10, 7 347 3e3
1. 6.% 3¢5 3.0
12, Te9 b 3¢9
13, 7.2 3.% 3.5
"%, 6.6 3.3 33
15 Be$ 3.3 3.7
Nean 6.7 35 3.2
5 tandard

devietion 20,68 £0,35 $0.680

- W= - - - o " - - - W ® & ¢ o @ & & W 5 O ® S o - e e e v = > > O
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Correlation between vit n nd protein in ser of
target children:

Statistical analysis was done for estimating the correlation
between plasma levels of vitamin A and proteins among the target
children, The correlatien co-efficients vwere cihculated between
vitomin A and various protein fractions and also between vitamin

A and total proteins.

TABLE XIX

VITAMIN A AND PROTEIN CONTENT OF PLASMA IN 15
TARGET CHILDREN

§ tandard
Yoo Range Moan Deviation
e Vitamin Avﬂglioo ") § 26,1=32.,2 29,2 2 2,09
2, Total protein g/100 ml 50779 6.7 40,68
3. Albumin g/100 ml 2.9k, 3.5 20.35
b, Globulin g/100 ml 257349 3.2 +0,68

- - - . - o - - - o - - - - - == - - - - o - - - -~ - - o - - - e

Table XIX summariszes the vitswin A and protein values in
the fifteen targut children, all of which are within the normally
aedoptnblo limits for Indian childrem. The values obtained are

similar to thet of Prased ot al (1969) and Kothari gt a1 (1971).

The corxrelation coeefficients betveom vitamin A and

different protein fractions are givan in tedle XX,
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TABLE XX
CORRELATION COEFFICIENT BETWEEN VITAMIN A AND PROTEIN

Correlation
co=efficient Sigaificance
T P
Vitamin A und total
proteins 0.5% 0,001
Vitamin A and albumin 0.36 0,001
Vitamin A and globulin 0,008 0,005

- ™ B e e o % » e ® o @ & = P e S W T 6 e e °® e e o v W P ® = o= 8

Vitamin A and aldbumin showed a2 significant positive corre=
lation even at the 0.1 per cent level of aignificance. On the
other hand there was no significant correl stion betueen vitamin

A and globulin,

A significent positive correlation between plasma aldbumin
and vitasmin A has already been reported in some experimental
anixals by Friend gt gl (1961) and Ascarelli (1969) as well as
in children by Eothari et al {1971) aud in children suffering from
kvashiorkor by Arioyave et al (1963).

TABLE XXX

MEAN SERUM PROTEIN AND ALBUMIN LEVELS OF THE TARGET CHILJREN
BEFORE AND AFTER THE STUDY PERIOD (Study period<l months. Number

of children=13%)

- e @ B @ e ® ® & e @ & o @ W ® e O & O s & e e P > S " - O

Dietsaxry intake Total serum protein Albumin level
of protein g. (s) per100 ml, € pexr 100 ml
20 3594 1.4 3¢2 & 1.7

35 5072‘, 0068 3¢5 2 935
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There was no significant increase 4in tetal serum protein
levels bhefore and after the study perioed as vwell as in serum
albumin levels before and after the study, in the participating

children,
;etimat d ofglobins

The haemoglebin content of the finger prick samples of
®lood of the children estimated at the Peginning and at the oend

of the study are presented in Table XXIIX,

TABLE XXII

MEAN HAEMOGLOBIN CONTENT OF THE TARGET CHILDREN BEFORE AND
AFTER THE S8TUDY

Number of children » 15
Period ef supplementae
tion « 3 k4 months

Dietary inteke Mean haemoglobin

of iron mg. value of g/100 ml
- e e e e W e e ® G e e e ® e O G " e W 9
Home diets slone 9 Belt £ o4
Home diets ¢+ Balwady
supplements + LP/
smaranth 19.2 12,0 ¢ 0,91

- O ® o w Vv ® o ® ® e % e O D e e o e > O 8 & e N e 6 e o e a e

Judged by the WHO standards at the beginning of the study
all the target children were anasmic but bovardf the end of the
study period there was an increment in the blood haemoglobin
lovel, An additional amount of irem provided by the supplements
fed during the study may be considered to be the reason for
increment of bloed haemoglobin, PFelic acid, vitamin C etc,

present in the diet might have also contributed towards it,
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Episodes of infectjon:

During the ocesurse of the experiment, occurence of my
infections disease among the participating children were noted
downe During the second month two of the childrenwre affected
by commen cold and during the third month two of the children had
foever, However that did not cause significant elteration in the

abserption ef B=¢carotene,
Defic toms [ t t t ehildr

No defieiency symptoms of vitamin A malnutrition such as
Bitot spots or zerophthalmia were ssen in the fifteen target
children neigher at the beginning of the study nor tovards the

end of the study peried,



V. SUMMARY AND CONCLUSION

A study was condueted in fifteen preschoolers belonging
to low inceme families to determine the efficiency of absorption
of Becarotene from smersath and leaf protein (LP). The children
belonged to 8Sri Avinashilingam Balwady and vere fed with a
Balvady supplement. The study consisted to four phases, During
the first phase the target children vere fed with a basal
balwvady supplement diet alones During the following wmonths in
the second, third end feurth phases along with the balwady
supplement diet amaranth, leaf pretein and standard Becarotene
respectively vere fed as a source of Becarotene for a peried of
a menth, During the termination of each period faeces wvas
collected for subsequent three days and analysed for the
exozretion of Becarotene: The determination of Becarotene intake
and exoretion facilitated the estimation of utilisation of
Becarotene from different sources like amaranth, LP and standard
Besarotens. The indices of evaluation ineluded the estimation

of sexum vitamin A levels, serum proteins and bloed haemoglobin,

The persentage of Besarotene abserbed from different
sources of Becarotene namely amaranth, leaf pretein and standard
Becarotens wers 61.4 per cent $9.35, 76.7 per cent &+ 7,48 and

85.4 per cent &+ 6,15 respectively by the preschool children,
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There vas a significant increase ia the serum vitamin A
levels from 20,524.39 ug/100 ml to 29.,2+42,36 ug/100 ml in the
target children after a supplementation of 1200 ug of Becaretene
from 40 g, of smaranth, 8 g, of leaf protein and 1 ml of standard

Besatorens solution contaiming 1200 ug of Becarotene,

The total serum protein levels were 35.9+1.k g/100 ml and
6.7+0,68 g/100 m1l before and after the study, The imitial and
final values of serum albumin were 3.2¢1¢7 §/100 ml and
3¢500.,35 g/100 m1 respectively, There was a pesitive correlae
tien between serum vitamin A levels and serum tetal proteins and

albumins,

The twe feed sources namely 40 grams of amaranth and 8
grams of leaf pretein which are obtainable at a very low cost
of 4 paise and 2 paise provided the daily requiremeat of 1200 ug
of Becarotene when compared with other cestly and searce animal

feods such as egg, milk, butter etec,

Such economiec and lov cost souroces &f Becaretene namely
smaranth and Leaf Protein whioh successfully provide the reguired
smount of vitamin A 1is highly recommended in the balwady diets,
Consumption ef such feeds by the preschool childrem along with
a cereal pulse mixture would certainly releive them from the

hasards of vitamin A defioiency,
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ANNEXURE I

A. KEptimation of Becarotene from Leaf Protein:
(Overnight extraction procedure of Thompsomn et al, 1946).

One to twe grams of the sample was allowed to soak over-
night in the dark room at room tempersture in 100 ml stoppered
amber coleured volumetric flask with 30 ml of a mixture of 3
parts of acetone and seven parts of petroleum ether. The extract

vas diluted o 100 ml using petroleum ether after 16 hours,

The absorption columns were prepssred as for the estimation
of caroteme content from fresh leaves, The column was wvashed with
2 ml of petroleum ether., The suction pump was turned off when
S ml of petroleum esther was still above the sodium sulphate.

5 ml of the extract te be chromatographed was poured on to the
column and suction was applied. The flask was rinsed with 5 to
10 ml1 poxtions of eluent ( 1 part of scetone and 9 parts of
petroleum othor). pouring each rinisimg on the column before the

previous one had been completely absorbed on to the Ka Sou.

2
The washing was continued until the desired pigments moved off

the column and the filtrate was colourless. The content of the
filter flask vere transferred intec a 25 ml flask and the volume

vwas made uﬁf:Lo eluent. The transmission of the solution wvas

read at 4350 -e The instrument was set at 100 per cent transmission
with petroleum ether, Becarotene content of LP¢ vas determined

in the same way using caleium oxide as absorbent also,
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B, Bstimption of csrotene from gmaranaths

Prepar on of the tracts

The od;blo portion of the food stuff was cut into small
pieces and mixed well, About 5 to 25 g. of the cut sample was
ground well with successive 50 ml portions of 95 per cent alcohol
till the aloohol 1l ayer was no longer coloured yellow, The pooled
alcohol extract was saponified vwith safficient sodium hydroxide.
Enough water was added to bring the concentration of the alocohol

down to 80 per cent,

The unsaponifiable matter was extracted with successive 50
ml portioms of petrolium ether (40-60°C) till the petroleum ether
layer was wlourless. The pooled petroleum ether extract was
wasihed with distilled water till it was free of alkali. About
10 to 15 g¢ of anhydrous sodium sulphate was added and kept aside
for 60 minutes. It was then filtered through s cotton pling with
a small amount of amhydrous sodium sulphate placed on it, The
filtrate was then concentrated in vaccum between L40=30°C to volume

betwveen 10 te 25 ml,
C togra c 88 n of ts

30 cms x 1 em columne vwere packed with 10g of alumine or
6g. of calcium hydroxide. About 1 to 2-5? of anhydrojs sodium
sulphate was placed on top of the packed column, 2 ml of the
concentrated extracted was charged on the column., The separated
bands vere individually eluted and their spectra wvere studied in a
Beckman Du spectrophotometer to identify the different carotene

frections,



ARNEXURE XX

Pre tioa of as
Ingrediontss

Cereal pulse mixture « 50 g

Amaranth e 80 g,
Ondion e 5 g
011 (Groundnut) - 6 g
8.usoninso
Procedures
1+ Roasted the cereal pulse mixture

2.
3.
5,
5.
6o
Te
8.
%
10,
1.

Heoated the oil
Sonsoned vith mustard, greem chillies and cut omon,

Poured water and brought 4t teo beiling

'Sprinkled the rossted mixture, little at a time,

Stirred constantly to avoid lumping
Sprinkled salt and mixed

Ceoked feor twenty minutes

Added eleaned and washed greens and atirred
Cooked fer 10 morxe minutes

Hemoved fxom fire.
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Prepagrstion of laddus

In ent

Cereal pulse mixiure « 30 g.

Lp - 8 '
Jaggery "o RO ge
041 - R ¥

1¢ Roagied the sereal pulse mixture snd Rept aside
s Added Jaggery te water and prepared a syrup

3+ Added the roasted mixture along with LP¢ and stirred
constantly and cooked for 10 minutes :

4, Hoated the 011 and added to the mixture

- 8¢ Removed from fire and made inte balls,



ANNEXURE III

Prepsratjion of Legf Proteins

Harvestesd lucerne plents were sequeatially washed chopped,
pulped using an IBP pulper with bdelt press, and filtered %
separate the protsin rich juice. The filtered juice was pumped
to a 'U' tube vhere it was curdled by injecting steam from a
boiler to heat 4t t0 90°C, This coagulum vas filtered eut using
a standard cloth stoskings and pressed by a beam presss The
pressed cake was then suspended smoothly in water, acidified teo
PH b wvith 2 N Hol filtered and pressed again., The product was
alr dried at 40°C to 50°C using a drying ovem and groumd teo

a fine powder.,

On dry vweight basis the leaf protein powder had 50 pa
cent protein, which was rich {n lysime and limi ting in methionime.

It was a supplement to a diet based on cereals,



Flow xr of th f pr xXxtractions

100 kgo of leaf
,hfylpot with belt press

o -
55 kg;J.f Juiee &3 kge of fibre
|

053 kgl sreem 7

(33333'“:0; VWashed and pressed
} 99 kge of sattle feed
\ %

l 54 kge of ldquor 4}

1

63 kg of wet suke
(arier)

145 kg of pretein perse.

The @rop lucerne was cut very 20 days from cultivation.
The t%we bipicoducts namely the fibre asnd filtered liquor werse

used as eattle feeds The cest of leaf pretein was 2 Ree/kge



APPENDIX XV

Determin on of faesc ¢ar otenes

The faecal carotene was estimated using the procedure

of Jagannathan and Patwardhan (1960),

Proceduret
Reagentss
1+ Aleochel o Distilled pure alcohol

2¢ Petrolium ether

3¢ Anhydrous sodium sulphates

Methods

The faecal samples were soaked in aleohol overmight and
they were transferred to a wmortar and gmund with aleochol
repeatedly until the extraci had no more ysllow colomrz,s The
alcohol extractis vere then transferred to a sepsrating funnel.
An equal volume of water and petroleum o*thot vere added, svirled
vwell and the lower layer discarded. The process was repeated
until the lower layer showed no trace of yellow, The petroleum
ether extraets were then transferzred to a separating funnel to
vhiech an egual velume of water was added, swirled and the lowr
layer was discarded. The extract was freed from meisture by
filtering through a bed of anhydrous sodium sulphate. This was
washed with amall quantities of pe troleum ether until the filtrate
vas froe from traces of carotene, The petroleum ether extract
was made upto volume and the absorption of Rellovw colour wmeasured

in a coleman Juniofi Speetrophotometer at 450 m,



APPENDIX ¥
Est o t A etinol)t

The extraction procedure was done, follovwing the method
of Neeld and Pearson (1963) snd the solution was read at
348 m, (in ultra vielet region), following the proscedure given
by NIN (1971),

Procedures
Rgggents:

1« Alcoholio potassium hydroxide 0,5%te 0,5 of potassium
hydroxide was dissolved in 100 ml of purified alechol,

2. ¥ hexane (MPC) B.P, 65°.75°C,

3. Chloroferm

L, Stock vitamin A solutiont 344 mg, of vitamin A acetate.
(300 mg of vitemin A) was dissolved 4n chloreform and

made upto 100 mi, 1 ml of stock contaims 3000 mg
of retinmol,

Inter stan d

30 mg/ml
2. 0.50 ml of stock diluted to 25 ml = 60 mg/ml

Te 025 ml of stock diluted to 25 ml

3., 0.7%5 ml of stock diluted to 2% ml = 90 mg/ml

ke 1,00 m1l of stook diluted o 33 ml = 120 mg/ml

Yor standard

Each intermedigte was again diluted in the ratio 1110 and
from each standard finally iml was taken and 2,0 ml of chloroferm

was added and read at 438 mp in Beckman Du. spectrophotometer,
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thodt

1 ml of serum was placed 4in a test tube:. An equal veolume
of alcoholic potassium hydrexide was uided, 1,5 ml of n hexane
was added to the serum alecoeholic potassium hydroxide in the
test tube., The test tube was stoppered and the contents vere
shaken vell for 45 seconds. It was centrifudged for 10 minutes
at a speed of 3000 revolutions/minmute. The supernatant was
evaperated to drymess in a H0°C water bath., The residue vas
immediately taken up in ome mi' eof chloreform, added 2 ml of
chleroform agein and the OD of the mlution was measured at

348 -rul.n the spectrophetometer.

The solution is noew transferred to a soft glaes tube,
with a stopper irradisted with U,V.1ight (the lamp should be
turned on 10 minutes before use): The tube should be kept at a
distance of 20 ¢cm from the lalp.’ The OD at 348 mu 18 agein reed
and the difference in OD is taken as a messure of vitamin A in

the selution.



ANNEXURE VI

Bjuret Method for total proteins apmd albumjins in plasma or

serums

Principles

The (~CONH) groups in the protein molecule react with
copper sulphate in alkaline medium to give a purplish violet

or pinkist violet colour which is then read at 540 m,

Repgentss
1, ngros &“Oﬂtl

1.5 g« cupric sulphate and 6,0 g sodium potassium tartrate
were dissolved in 500 ml of distilled water. To this was sdded,
with swi2ling, 300 ml of 10 per cent (#/¥) sodium hydroxide
( co, free) and diluted to 1 litre in a plastic bottles O.l1 per
cent potassium fodide was then added and stored at room temperaturee.

This reagent was stable for upto six months,

2, 28 sodjum sulphate solutions
3¢ Protein standards

The standard protein solution might be either a pooled
normal human serum, the protein content of which had been
accurately determined by a kjeldahl method or solutions of pure
albumin,. Use of albumin solutions permited concentrations above
the noxmal range. The serum or albumin solutions were diluted
with 0,9 per cent saline to given exact standards of ‘;33. te
8,0g. per 100 ml,



Procedure?s

Total proteinss

O¢! ml serum was diluted with 1,9 ml of water. 8 ml of
biuret reagent was sdded and mized well by sheking, let stand

for 30 minutes and read in a spectrophotometer at 540 m,

Albumini
Te 0a2 ml serum in a tube added 4,8 ml of 28 per cemt
sedium sulphite from a burette (Pipette should not be used as
the -ilqcry-tnlltnos eut easily) mixed and (st stand for 10
minutes, filtered with whatman 4O or U4 filter paper. Added
8 ml of biuret reagent to 2,0 ml of the filtrate and proceeded
a® for total proteins, Ordinery centrifugation would net yileld
a clear globulin free supernatant and use of sther reagents at

room temperature was not suiteble,

Reagent blanks were prepared with 2,0 ml of distilled
water and 8,0 ml biuret reagent for total preteins and with
2.0 m1 28 per cant dodium sulphite and 8,0 il biuret reagent fer
albumings



ANNEXURE VXX

Estimation of hgemoglobin by cysanmeth oglobin method:s

Reagents:
1 IS Drakkin's Diluent solution

Sodium bicarbonate o 1 ge¢
Potassium cyanide « 0,05 g.
Petaesium ferricyanide = 0,20 g.

Distilled water o ¥ litre

Thise solution should not be used after it forms a
precipitate on the botton of the storage buottle. The solution
is preserved inm derk brewn bottle and preferably under celd
storage. Its preparation and handling should be done with

great care.

Procedurej
1¢ Exactly 5 ml of Drabkin's diluent solution is measured

inte a dry jest tube from a burette or a pipette with
suction buld,

2, Exactly 0,02 ml of bloed is transferred from a standard
haemoglobin pipette into a diluent sclution, Usual
care i f1lling and cleaning of loaded haemoglobin
pipette must be observed,

3¢ The pipette is rinsed three times vith the diluent
selution, without allewing the formation of air

bubbles in the mlutien,



b,

Je

6.
To

The blood and the diluent are theoroughly mixed by
rotating the tube,

10 minutes time is allowved for the formation of the
oyanmethaemoglobin,

5 m1l of the diluent solution 4is used as blank

Vith green filter No.540 the readings are takem im

a photo electric calerimeter.

Calibretion Procediires

1¢

3.

be

Total blood iron is determined by Wong's method. This

determination would give absolute smount of haemoglebin,

Exactly 0.02 ml of this known bloed sample measured as
above into 5.0, 7.5, 10,0, 12,5 and 15,0 ml respectively
of diluted selutions are nov equivaleat to dleod semples
containing respectively 100,67,%0, 40 and 30 per cent

that of the original selutionm.

The intensity of the colour is xead using greea filter

5S40 against a blank set st sere, 0,D,

On a graph paper a standard graph is drawn using these
haemoglebin concentration and correspomnding density

values,



ANNEXURE VIIXI

Excretjon of Becerotene during the thres subsequent termingl

a b target children vhen arx h was
source of B-carotene
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B-curotens excretien pe

n‘ ™ P T T TP YT ¥ XX PR Y Yy Y Y L ey ¥ oy Yy Loy 2 ry X Xy N p X Ly 1 2 r31 2 T T T 7 J

First day Second day Third day Neéan
L 280 k20 380 360
2, 590 k8o 550 s4o
3» 510 523 435 k36
bae 339 219 k50 336
S 612 546 570 376
6. 292 378 410 360
Te 408 40 B12 420
8, 232 224 192 216
9 3h2 350 280 B2k
10, 333 k10 h37 396
11, 290 330 280 300
12, bk 392 346 184
13. 218 267 271 252
14, 566 18y 423 ho2

15. 208 322 pl. 1] 336
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ANNEXURE IX
Excretion of Becarotene during the three sub t _te

days by the target children when Leaf Protein was fed as a

source of B-carotene

B-carotene excretion

T THrevaey ieend dny nare aay e
) I 90 140 130 120
Re 300 248 244 264
3. 148 202 226 192
4, 289 268 211 256
S 300 22k 160 228
6o 312 380 hak 372
T 288 296 352 312
8. 309 33 369 336
9 k68 hah s2k hoz

10, 360 42 342 348

t1. 162 1%0 260 hh

12, 392 h22 410 408

13. 270 274 258 264

14, 26h 248 244 2352

15. 29h 202 164 220



ANNEXURE X

Excretion of B-carotene during the three subseguent terminal
days by the target childrem when standard B.carotene was fed
as_a source of B-carotene
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Bacarotene excreted

uo 'Y ry 2 L 1y 2 L Py T T N R R T Y D L D P R g L

First day S,cond day Third day Kean
1, 142 100 124 122
2, 138 160 %6 e
3. 184 214 190 196
k. 210 199 194 201
Se 186 186 189 187
6. 230 195 250 225
Te 220 240 200 2ho
8. 220 213 195 210
9 246 268 212 2h2
10, 230 230 245 235
11, 175 210 183 190
12, 270 220 215 235
13. 190 210 146 182
1h, 188 126 210 178

15. 160 230 180 190
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