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CHAPTER 1

INTRODUCTION

Malnutrition, i# its various forms, is one of the
world's mosi preséing health probléms - a problem made
more and more critical ﬁy the inereaseé rate of popula-
tion growth. Malnutrition results in nutritional defi-
ciencies which lead to high death rates, disabling diseases,
stunted physical stature, poor work performance and greater

susceptibility to infections and aceidents (Berg, 1968).

Food supply below the level of nutritional requive~
méhts is the main ﬁroblem facing the dévé10p1ng countries.
Relatively few countries such as tﬁe H.S.A.; Canada and
Wésterﬁ EurOpeén countries have an aﬁundant and varied food
supply. According to FAOK(1963), the per capita availaﬁility

of proteins and calories in different countries is as shown

below :
Country Calories Total Animal
. protein protein
(g) (e)
U.S.4A. 309¢ 91 65
Mexico 2680 75 24
Brazil 2290 65 18
Pagkistan 1980 44 (4
India 2000 51 6
Philippines 1800 42 14

Japan 2290 70 21




' , \
The figures for available calories do not indicate

the adequacy of Tood supply because food balance tables'
are averages and even in countries with adequate food
supplies malnutrition occurs extensively among the poor
classes (Hand, 1966; Beatoﬁ, 1967). Further, the distri-
bution of food even within the same faﬁily may be far from
equitable, For instance, in an otherwise adequately
nourished family, young children may not get enough to’eat
because of thq unsuitable nature of the meals prepared in
the adult-oriented home. .In this country addition of
spices to legumes and vegetables makes them unsuitable for
young children (Patwardhan, 1962). Similarly, people with
teeth troubles or the convalescent may not be ahlertolfind
the meals normally prepared suitable, Food=sharing practices
may‘also operate against the equitable sharing of protective
foodss The head of the hopse is served first and given
ravouied treatment whereas women in the reproduetive pgriod

eat last resulting in an unequal sharing of protective foods,.

The situation in India is eritic&lxbécause of the
enormoué increase in population without a parallel increase
"in the production of foadss The population of India was 361
millions in 1951, 443 millions in 1961 and has already risen
to 476 million by the beginning of 1965 (Directorate of
Economies and Statisties, 1965)@ fhe rate of increase in

popﬁlétion per year is %&2% whereas the food production



.(1958~64) is inereasing at the slow rate of 0.6% per year,
prior to 1965 (Directorate of Economics and Statisties,
1965) not taking into eccount the drought situations

pravaleui for the last two years,

Apart from theAguantitative lack, the diei consumed
is alse poor qualitatively as the diet of the poor is heavily
based on cereals with nnt’egough of milk or animal foods ,
or legumes. Similarly, the lack of eggs and dairy products
. providing vitanin A is not compensated by an adeqﬁste
consumption of vegetables and fruits whieh can provide
carotene, The dliet of children in the pastwe&ning pqriodA
is evén more inadequate because qf the uﬁauitable nature of

the foods prepared.

Many programmes are being carried out at present Zor
preventing malnutrition and undermutrition in the pre-school
child by various international agencies such as UNICEF and
FAO (Autret, 1064; Pate, 1964; Harman, 1966; Teply, 1966},
Such progremmes generally aim at putritian education as well
as more eitieient fadd production, However, the number of
centres which earry out such programmes is at pfeagnt

limited,

Efforts have been made to popularise processed food
mixtures with a high protein content, but they have hardly
made an impact even in urban areas and are totally unknown

in rural areas, This is due to several reasons, FProcessing



inevitably increases the cost of foods usually b§ at least
100%. -In this country, the a&éfage amouﬁt of money spent
on food is of the order of eighty paise (1 U.S, cent = 8
péise) per’day in urban areas and sixty five pailse in rural
areas (Sukhatame, 1965) and the supplies available for this
émcunt are hargly adequate even when thelmoney is used for
the purchase of raw foods, The villager: can hardly be |
expecﬁad to aliﬁw his auﬁplieg to dwindle further by the

use of processed foods.

Secondly, the use of oantrallyﬁmanufactured foods

' poses p:obléms in transportation and distribution. When
we consider the difficulties involved in distributing even
a part of the food grains consumed; the magnitude of the
problem can be easily visnalizeﬁg The éeeeptance of
processed foods is yet another problem as pointed out by

Gyorgy (1966).

Any attempt at improving the nuiritional status of
the poor man must therefore aim.at enabling him to make
‘a more efficient use of locally availeble sources of foods.
He must be educated on the relation between nutrition -and
physical stature, mental characteristics such as chesrful-
ness and alertnaés, efficiency of ﬁnrﬁ p;rformance, ﬁealth,
and susceptibility to infection etcg Any advice given to
him must be based on what he produces already or can

easily produce; and he consistent with his economie capacity.
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The availability of larid and the cost of foods are therefore |
crucial consider#tions. The food preparations,suggestéd';f -
should be appropriate for the kind of kifchen equipmgpt _.
available in rural homes. The advice éivan must be dbased -
on suitable modifications of the existing diet rather thap ‘
novel foods wnknown to ihe villaéers. For instance, soya

bean and its milk may be excellent foods, but in this
country, it will be easier to educate the farmer 1n‘£he use

,0f pulses which are commonly cultivated.

It is evident that, in order to. give the right kind
of advice, we have first to identify the existing dietar&
" patterns and their inadequacies and consider how they can

be improved with locally availsble resources., -

Extensive diet surveys have been carried out in India’
during the past two decades (ICMR Répori,zﬁ,‘igﬁi; La1,19$2a
1952b; Mitra, 1953; Govil, Mitra and Pant,ﬁ1953§:
Radhakrishnarao, 1956; Belavady, Pasricha, and Shankar,
+19893; Pasricha, 1959; Jyothi, Dakshayani, Swaminathan
and Venkatachalam 1963;; Rajolakshmi and Nanavatiyy, 1964;
Saha and Seal, 1965)., These surveys have shown that the-
diets -are cehposed primarily of céreals with poor consum-
ption of pulses,‘;eaty vegetables and negligible consumption
of animal foods such as eggs, milk and meat, They have
generally poinfed to a deficiency 6f calor-ies¥ protein,.

vitamin A, and B vitamins partiecularly with regard to



riboflavin in all areas; and thiamipe in areas consuming
polished rice. " Huwéver, these surveys have beem mostly
carried out on famillies ﬁsing the oral éuestioﬁnaire method,
As pointed out earlier, the information deri@nﬁ.may not
reflect the intake of particular grougé‘auch-as children in

the post-weaning period.

Very few quantitative réports on the dietary intakqjéflf

particular age groups are available except perhaps in tpe:‘
' case of expectant and nursing mothers. However, extensive .
observations have been made on the féeding practices of
young children (Jelliffe, 1955; Rao, Swaminathsn, Swarap
| and Pétwardhén; 1959; Mukherjee, 1959; Krupadanam, 1960; -
Anand and Rao, 1962). Prolonged breast feeding up to the .
- age of 2 years or morevis a common practice. Supplementary
' foods ave not deliberately introduced and the child has =
ﬁsually to help himself to as much of the adult foods as

( hé can get or consumeqﬂ_ﬂoweVer§ breast feeding is often

- terminated earlier if pregnancy occurs within the nursing
period: 1In regions such as Gujarat,where not much rice. is
' used, the unsuitable nature of avallable foods such as har& SR
rotis and highly spiced dals results in calorie deficiency '
and marasmus, In regions such as Kerala, Madras and Bengal,
the child is given a diet cogsisting of softly cooked rice,
tépioca or sago resulting in a high incidence of kwashiorkor
){Jelliffe; 195583 Rao, Suaminathan; Swarup and Patwardhan;iiessf.



Such high carbohydrate diets also precipitate vitamin A
deficiency in young children (Gepalan, Venkatachalam and
Selavady, (1960, . ‘

Some of the svailable data on the nutrient intake of
pre~school children in this country are presented in
. Table 1. The data show the inadequacy of the diets with
regard to calories, protein, vitamin A and calcium, In
some of the studies less thamn 60 calories are availaﬁle
per kg. of body weight as against 90 - 100 recommended
(ICMR, 1944; Hansen, 1959) although the children have low
body weights. Similarly, common diets consumed by children comtain
less than 20 g prétein per day. calcium intakes are nowhere
near the amounts recommended by FAO/WHO (1962). Vitamin A
intakes are beor even when coﬁsidered on the bagis of body
weight as about 70 I.U, per kg, of body weight seem desirable
.during this age'(FAO, 1967). The requirement will be much

more when the vitamin has to be derived from carotene.

During the past few years there has been a growing
awareness of the relation between dietary intake and
growth of ehildreﬁ,, Considerable evidence is now available
on the offects of malmutrition on physical growth. Weight,
height and growth measurements of children carried out in .
many areas of the world where dietary deficiencies éxist
indicate the effects of diet on body build? Weights and

‘heights of children belonging to diiferent pdrts of India
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and reported in the literature are presented in Tables

2 and 3, The values :epafted for the low socio-econonie
group children are considerably lower than the few values
évailable for upper socio-economic group childrem, This

'is obviously due to the faet that body we;ghts of thé poor
group remain more or less stationary during the’post-weaning
period, Available reports suggest that the birth-weight andv
growth-rate of poor infants are not appreciably different

. from those of upper class children (Patwardhan, 1956;
Gopalan, 1958). After the first six mohiths of life, the
growth rate tends to fall off in the poor infants compared
‘to those of fheiuppar class, Data obtained in longitudinal
studies carried out in Baroda on t§e gréwth rete of infants

in low and high income groups are presented in Figure 1.

The effect of growth retardation during childhood may
~$e avgermanent stunting evident in the aduit stature attained,
Thus, although birth wﬁight does not differ much in the lower
and upper class, adult heights and weights are found to
differ significantly (Rajalakshmi and Chandrasekharan,

1967). -

An inadequate diet not only affects growth and physical
stature because of the quantitative :inadequacy of the diet
but also results in specific clinical sympioms because of

particular deficiencies,
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* Rajalakshmi, R, and Subbulakshmi, G., unpublished)
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For the past 30 years a large number of surveys have
been carried out on the clinieal status of subjects in
éiife;ent parts of India. However, sunﬁ surveys have
largely been carried ont bn ehildren of the sehoél going
age with relative negleet of the other'vulnerable groups,
part1cular1y pra»sehaol children (Gopalan and Rao, 1961). .
Occurrence of xeropthalmia. Bitot's spots, night blindness,
angular stromatitis, angular eonjunqtivitis,glossitis,
phrymodernma, blegding gums, folliculosis and rickets are
reporﬁqd to the extent of up to 15% in pre-school children
belonging to the low soniofeeonomio groups (Gopalan énd N
Rao, 1961; Patwardhan and Jogannathan, 1962) not to mention

kwashiorkor and marasmus which will be discussed later.

Occular manifestations are the most common signs
observed in several of the nutrition surveys conducted in
India (Gopalan and Rao, 1961). They include a variety of
conditions such as diffﬁse or patchy pigmentation, xerosis,
Bitot's spots, keratomalacia, corneal vascularisation,
lachrymation etc, A;though‘Bitot's spots cannot always
be attributed to vitamin A deficiency (McLarem, 1960) it
seems to be the most coﬁhon cause on tﬁé basis of dietary
intake, serum level and response to treatment of subjects
manifesting the symptom (Bagohi, Halder and Chowdhury,
1959; Pereirs; Begum and Dumm, 1966}, The deficiency of
vitamin A in the sort of high carbohydrate diets that result
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;
in kwashiorkor is aggrevated by poor absorption and utili-
zation of the vitamin because of protein deficiency. About
1% of the popuiation 1n:§his country is blind because éf a
combinaticn of vitamin A deficiency and infections. Much
of this occurs bsfore the age of 2-3 years in areas where
kwashiorkor is widely prevaient (Gopalan and Ramalingaswami,
1955). If not for the high mortality rate during the pre-

school years, we might bave a higher ineidence of blindness.

‘Next “to occulér manitestations, skin changes like
hyperkeratosis,'foi}iculosis or phynoderma are widely
reported in India; many of the studies suggest that the
skin changes cannot be eomplétely attributed solely to
vitanin A deficiency, but may also be due tc other factors
including a deficiency of esaential fatty acids and fats;
(Rajagopal and Chowﬂhufy. 1952; Bagehi, Halder and
Chowdhury, 15%3? Patwardban, tsax); Infantile eczema, so
common in qhildren brought up'on starchy gruel 1# South
India might be & result of poor intake of essential fatty

acids.

Alimentary manifestatipns such as apgular'sfrumatitis,
cheilosis, glossitis and bleeding gums are frequently found,
The nutritiomal significance of some of these éigns,are not
too clear, However, many of these signs sre associated ﬁith
a deficiency of the B complex groups of vitamins, parti-~

cularly riboflavin (Jolliffe, 1960)3
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In addition, there is a localised incidence of
nutritional diseases such as ber1ber1 whlch is prevalent
in areas such as Andhra consuming highly pOllShed rice.
Pellagra has been occasionally réported in people consum~
ing rice (Raman, 1933), maize (Bajaj, 1939) and jowar
(Gopalan and Srikantia, 1960). Goitre.is a major public
health problem in the Himalayan regions (Rammlingaswami,
Subramanian and Deo, 1961). Fluorosis is found to occur
in certain areas where water has a h;gh fluorine gontent
(Pandit, Raghawachari‘and Rao, 1940; Venkiteswaralu,
Narayanarao and Ranganatharao, 1952). Frank scurvy has
rarely been reported although common diets are not rich in
vitanin C but subelinical forms of the same are suspécted
(Chakravarthy, Sur and Kandelwal, 1958; Manchanda and

Gupta, 1959; Kurup, Ghai and Taneja, 1961). '

About one to three percent of childfen in the age
group of one to five would appear .to suffer from rlckets.
Hospital records of citles such as Bombay and Caloutta
;ndlcate a fairly good number of ricket cases (Currimbhoy,
19634 ;, Chandhpri , 1961j.‘ The low calcium content of the diet
and the fact that most of it is derived from poorly utilized
sources combined with a deficiemcy of protein would lead us
to expeet a higher incidence of rickets. It is possible:

that the effects of calcium deficiency are not as evident



H ' '1§;

as they might otherwise be when calories and protein are

the limiting factors in the diet.

Assessment of nutritional status by clinioal»examina—‘
tion suffers from certain limitations as sublinical _
deficiencies cannot be detected by such examination. With . -
_the development and refinement of biochemical techniques
" and greater é;owledge about the biochemical parameters
‘affected by malnutrition, biochemical eriteria are |
"increasingly used in the‘assessment of nutritional status.

(Arroyave, 1962; Pearson, 1962a, 1962b; ICNND, 1963; Krehl,
.1964)., However, in this country hemoglobin and serﬁm
proteins are the most obmmonliiﬁséd parameters and extenéive
data are not available on’othgr parameters such as serum
vitamin A and caroténe,'serum_éscquio acid, and urinary
excretion levels‘of‘e;eatinihe{ thiamine, riboflavin,

nitrogen etec, :especially in the case of pre~school children.

The available figures for blood hemoglobin and serum
proteins are presented in Tables 4 and‘5; In most of the
studies carried out on children who are apparently illnourished
low values of both are found, Whereas a low he&bglobin content
nay bé due to vitamin-mineral or prqtein deficienc& or the»
prevaleﬁce of intestinal parasites, Pprotein déficiency is
the primary cause of low serum protein levels except when
protein synthesis is affected because of chronic illness or

infections or'liver damage. ‘The poor protein status of the
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Table 4. Hemoglobin (g/100 ml blood) values reporfted for
pre-school children in India. '

Anthor Hemoglobin
‘(g per 100 ml)

Swaminathan et al (1960) - . T.8
Currimbhoy (1963) 8.1
Pereira and Baker (1966) 8.5 -
Venkatachalam et al  (1954) 9.3
Datta et al (1963) 9,9
Subrahmanyan et al (1959) 10.0
Rao et al '(1959) 10.5
Rao (1960) 10;5
Chaudxmﬁ et al (1964) 11.3
Doraiswamy et al (1964) 11;4
Pereira and Baker (1966) 11;5
Rao et al (1954) 12;2
Patel et al (1957) 13.3
Nutrition survey U.P. (1952) 13,8

Haideri et al . (1961) 13,5
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Table 5. Values for albumin and proteln content of serum
' reported in preschool children,

Authors - : Amount (z) per 100 ml of serum
Total " Albumin

-protein

Studies ineluding both
malnourished and

apparently healthy subjects

Jayalakshmi and Mukundan (1961) 4.8 1.4
Bhagwan et al " (1962) 3.9 : 1.7
Kulkarni et al (1960) 4.5 1.8
Patel et al (1958} 4.5 , 1.9
Venkatachalam et sl (1954) 4.5 | 2.1
Haideri et al (1961) 4.7 | - 2.2
Ramanathan (1955) 4.3 . 2,4
Chaudﬁm‘i et al ~ (1964) 5.6 ‘ 3.2
Rao et al (1959) 6.5 8.4

Studies in apparently
healthy subjects

Poreira and Baker .  (1966) 7.0 3.6
Samadi (1966) 6.3 3.6
Dumm et al . (1966) 6.5 3.7
Udani and Panwalkar (1963) 6.6 3.8
Kulkarni et al (1960) 6.5 4.0

Haideri et al  (1961) 6.9 4.4
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children is evident from the low serum protein leovels. The
high iancidence of kwashiorkor and marasmus single out
protein - calorie deficiemcy as the most erucial one in

pre~gsehool children,

*

The coilective symptoms of chronic undernutrition and
malnutrition in children was first described by Willijiams -
(5933) who used the term of ‘kwashiorkor' or tdisplaced
.child syndrome' to indicate a collective sympbom: associated
with severe protein deficieacy in the post weaning period.
The disease was S0 cailed because of its freguent associa~
tion with the omset of pregnancy or arrival of a younger
child, resulting in the sudden cessation of breast feeding,
and possibly, aiso 'decreased psychological attention from
the mother, with the simuliansous switching over to highly
starchy foecdss Another form of malnutrition caused by a
restricted supply of both protein and ecalories came to be
labelled as wmarasmuse. More rocently, the term protein-
calorie malnuitrition has come in use {(Jelliffe, 1959). This
term sums up the relationship of dietary calories and
protein to the development of the disease and covers
kwashiorkor, marasmus and marasmic kwashiorkor. The
differential clinical signs ussce%ated with these are shown
in figavre 2, |

KW@%hiéﬁ@r is commom:in:all tropical and subtropical

underdeveloped regions of the world (Brock and Amtret, 1952;



Fig, 2. A schematic presentation of the Yariatio? of
: intensity of, signs amd symptoms in Kwashiorkor
and marasmus,
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Trowell and Davies, 1952; Jelliffe, 1955; Rao gt al, 1959).
A large number of cases are also reported in India (Hare,
.1947; Ramalingaswami, Menon and Venkatachalam, 1948;

Achar, 1950; Achar and Benjamin, 1953; Gopalan and
Ramalingaswami, 1955; Chaudhury, 1961; Webb, John, Begun,

. Pereiva and Dumm, 1964). It is to be noted that all these
reports are from rice-consuming regions. It may be assumed
'that for every frank case of kwashiorkor admitted in |
hOSpifals, there may bg}tour cases remaihing.unnéticed‘énd. |
many more cases in a staie of marginal malnutrition (WHB,

10683)..

Clinical symptoms seen in kwashiorkor children are
ioss of appetite, dullness, peevishness and igritabilitj"
(Trowell and Davies, 1952} Brock,_/_%dﬁa%ns%’soqiated
symptoms are occasional hrownishrdiscologration of the
_hair (Platt and Nagchaudhari, 1954) and peeling skin, Growth
failure and edema are found in most eases, often in associa-
tion with vitamin deficiency symptoms. The extent of growth

failure depends upon the severity of the disease,

Chilaren suffering from protein malnutrition not only
have poor protein stores and pooré?ass,bggg also suffer
from a poor development of bone growth.(Jones and Dean,
1956). - This is partly because the sort of diets which
result in kwashiorkor are also’ deficlent in calcium, and

also because the ahsorption and utilization of calcium are



impaired with a2 low protein diet on the basis of animal
studies (EL-Maraghi, Platt, Stewart, 1965). Acecording
to Garn (1966) even in the case of children rehabilitated

with a good diet it may take more than one year to achieve

normal ossification status.

The loss of tissue in kwashiorkor is often masked by
edema for which hormonal as well as physico chemical
mechanisms have been suggested. According to Jolliffe‘
(1962) the osmotic pressure of serum proteins, especially
that of albumin, is one of the factors involved, Edena,

. present in most cases of kwashiorkor, ié foupd‘to subside

within 10 to 30 days after high protein therapy.

Hypoproteinemia is a constant featuie of kwashiorkor
cases which seems to be primarly due to a decreased albumin
level (Allisom, 1955). The same is believed to be due to
decreased syntﬁesis rather than increased catabolism
(Gitlin, Cravioto, Frenk; Lopez, Galvan, Gomez and
Janeway, 1958), Low levels of «C and P liporproteins,
total lipids, phospholipids and cholesterol have been
observed in kwashiorkor children (Dean and Schwartz, 1953;
Ramanathan, 1955; Chatterjee and Chaudhari, 1961). A
lowering of total plasma amino nitrogen has been observed
(Wéstal;Q\Roitman,,Pena; Ramussen, Cravioto, Gomez

and Holt Jr,, 1958), a greater reducﬁioq being seen in
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ﬁryptqphgnf eyétihé; valine, tyrosine, and methionine
(Westall et al, 1958; Norton, 1960; Arroyave, Wilson,
Fnﬁés, Behar, 1962}, Low serum levels of vitamin A and
carotene have been reported (Scrimshaw, Behar,Arroyave,
,Viteri and Tejada, 1956' Gopalan, Venkatachalam and
Belavady, 1960; Chikhalikar, Magar, Patel and Patel,1961; -
Reddy ond Srikentia, 1966; Pereira, Begum, and Dumm, |
1966), 'Plasma vitamin E has.also Leen found to be reduced

(Trowell, Moore and Sharman, 1954).

Activities of a number of enzymes are found to‘be
~altered 'in protein,defieieneya Blood enzymes such as
plasma esterase and lipase (Srinivasan and Patwardhan,
1952), serum amylase (Brock and Hanéép,iéﬁz) and liver
enzymes such as xanthine oxidase; choline esterase, n~dmi§o
EAaeid oxidase (Water low, 1963) awe found to be deereased.
Enzymes such as malic, lactic and glutamic dehydrcgenases
transaminase and eytochrome reductase were found to be
unchanged in the 11var biopsy Spécimené'whereaseliver
alkaline phosphatase and catalase were found to be increased
(Waterlow, 1963). Diminished activity of lipase, amylase
and trypsin in the duodenum is also reported (Brock and
Hansen, 1963), Serum alkaline phosphatase is found to show
a decrease (Sér;méhaw, Behar, ArroyaVé, Viteri, Tejada,
1956) or incerease or no éhanéé(ﬁqan and Sehawaétz, 1953;

Waterlow, 1959) because of the differential effects of
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calcium, protoin and other deficiencies. For instance,in
rickets alkaline phosphatase may be elevated, whereas in
protein deficiency it may be decreaséd so that the effects

of the two deficiencies may cancel out each other,

Extensive‘stuaies on histological changes bréught
hhont hy kwashiorkor have been carried out by a number of
mmrkers (Ramalingaswami, Sriramachari Z;ggpule. 1952;
Ramalingaswaml, Sriramachari and Patwardhan, 1954 Waterlow
and Weisz, '1956; Mendez and Tejada, 1961} Platt, Heard,

. Stewart, 1964). Structural changes xounﬁ in the liver
inélnde fatty 1nfiltration, Zibrosis and degeneration of‘
the hepatic eells. An inerease in glycoéen content . and .
a decrease in'proﬁein and RNA contents of the liver have
been reported., Divergent reports regarding. the hepatiec.
cholesterol levels of kwashiorkor patients have been made.,
While Ramalingaswami et al, (1954)have reported an
increase, Watéxiow and Weisz (1956), Mendeg and Tejada,

{(1961) and others have reported a decrease¢ in cholesterol

content,.

N

. Assoeigted changes in intestine and pancreas 'have
also been repﬁrtad. In the Iattar;.thé acinar cells
shrinks 1n size,'the enzyme granuies are reduced in number
and there is a 1oss of basal proenzyme plate. (Serimshaw
and Behartfiggi) in the forme;,-exteusive atrophy with
degeneration in the epiiﬁelial céigé is thed? Since the
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epithelium of the small intestine has ome of the most
rapid renewal rates and rapidly proliferating cells
(Ramalingaswami, 1964), this impairment may be due to an
_inadequate supply of egsential nutrients, especially the
essentiél amino aeids;. Atrophy of these cells in turn
may alter the permeability of the intestinal mucosa, which
may result in improper absorption (mart;n3}1968)e'Losses
of endogenous nitregen through,tha intestine are also,;
greate? in kwashiorkor. This might perhaps be the effect
of altered permeability. |

The association of arrested growth and mental
retardation in children suffering from protein-calorie
malnutrition has aroused world wide interest; Platt
(1961) observes in this coxmmection that "elinically, »
ﬁantal apathy is a constant featprec of protein malnutri-
tion". A severe ealbrierdefiqiency in childhood is
associated with 1rreversiple mental retardation according
to Stooh and Smythe (1963). Delayed neurointeg?ative'
deVelopment in malnourished children has been reported by
Cravioto,’ Balicardie, and Birch, (1966).

In contrast to kwashiorkor, nutritional marasmus is
the result of,undernutrition agsscciated with a gross
shortage of protein and ealories, Protein calories may
form more than 19% of ﬁbﬁal calories in the diets of

marasmic children. The‘sympﬁogs are muscle wasting and
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~ lack of subcutaneous fat due to the defieient intake of
both protein and calories. This is found ﬁo occur in
infants due to underfeeding of the children with very
dilute milk and other diluted formulas (Jelliffe,1968).
Occurrence of marasmus, hﬁs seldom béén reported from
India but this may be heeause almost all the studies
carried out seem to have been made in regions consuning
rice, However, occurrence of marasmus is the major
problem compared to kwashiorkor inlcountfies such a$
Lebanon, Jordan and Egypt The diagnosis and preﬁeﬁtion
f of this condition is reportéd to be more diffiowlt than
that of kwashiorkor (MoLaren, 1967).

Malnutrition is believed to be the main cause of
high mortality rates during the pre~school years; Theu
surviving ones may te biind,~permanéntl& stunted or
mentally retarded, The cost of these consequences for

the commuriity can well be imagined.

The problem of maluutrition'is further aggravated
by the high ineidenee‘pf infections;suah as small pox,
dysentry; and poor treatmeﬁt and rahabilitation of the
child,

The peor diet of the child in the post-weaning
period becomes further inadequate following en attack
of small pox etcﬁibecaﬁse‘of the depletion of the already

poor body stores, increased needs of nutrienis and further
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regtriction of the already inadequate diet,beeause of the
ignorance of the mothex. Ebllowing an‘episode of infe- -
ctions diseese, the child is o#ten given only starchy
gruels, thus making the diet poorer than the normal -diet,
Thus malmitrition increases suseceptibility o infections
and the’laxtér often aggravateaxmalnntrition (Scrimshaw,
1966) .

Ag Q;lhuﬁrition is partly due to the poor évailability
of hedlthy foods and factors such as poor hygiené;‘its
_prevention is the concern not only of the nutritionist but
also cf the agriculturist, the food technologist and public
health workers, To the extent that it is eauséd by ignorance
regarding the proper use of available resources, it can be

corrected by nutrition education.

. Milk is By far the best weaning food. But tﬁg high
cost of milk and its mon-availability in many regions Lf
the world limit its use especially in the low socio-economic
groups. This is evi@éntyfrnm the figures availsble on milk‘
intake which is of the oxder of 80 toy;ép g+ in many of the
diet surveys menﬁioéad @azlier;"ﬁecbnstituted skim milk
povder has bheen wi&e;y ust in the>£reatment of kwashiorkor
cases {Achar and Benjamin, 1953; Deag,x1953)§ Supplementa~
tion of skinm milk powder‘ié found useful in promoting better
growth in YIndian children (Aykroyd and Krishnan; 1937). In
addition to milk, meat; fish and eggs are alse gources of
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good quality‘proteigs, but they are in short supply

except perhaps for fish in coastal areas, 'Tﬁéxovgrall
shortage of th@se products and‘the réalisatio# that
veg%tahle proteins of complementary amiﬁo acid composition
~can be so combined as to result in mixtures of superior
protein value have stimulated many studies for thé produ-

ction af alternate products.

Although milk is in shoxi sqpply'in most arcas of the
ﬁnrld, technigues for the production of milk powder have
enabled the tranSporta#ion of large éuantities of milk
powder from areas of pgoduction to those of need, Skimmed
milk powder can be nroduced as a byproduct of the butter
industry and s excellent keeping qualitios,and the same
reinforced with viﬁamins A and D has been used in many
child welfare‘pfogrammes sponsored by 6rgaﬁizations such as
CARE or UNICEF, But the supply of skimmilk powder can at

best meet a small part of the need for suitable protein

foods for young children.

Another development has been the technological prciéessing
of fish int6 fish flour. Fish'proteiné,blike other animal
prqteins; are eécellent‘soufces of lysine, methionine and
tryptophan. But processed fish proteins are found to very
in their biological value (Bender and Heizelden; 1957).
Morcover, some studies suggest that not all the products

are suitable for human use. (Crayioto, Gazman, Cravioto,
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Suarez; Ma\dela, and Massien, i955; Carpenter, Ellingei,
Munro and Rolfe, 1957). Fish proteins also pose: ﬁroblqms
in acceptability although the development of Odbﬁrless
products has been recently claimed (VioBin Corporation;
F.I,R.I, South Africa). Although the addition of fish
flour increases the protein value of cereals, their ﬁena~
ficial effects are no greater than those of leghme supple-
© mentation on the basis of several studies carried out in
~ this laheratofy (Mﬁﬂm&ﬁar, 1965; Tambe, 1965). Further
data on- their shelf”life arelaoking (Morrison and Gampbell
1961). While they can supplement the usual prntein
sources to some extent, it is ﬁoubtful whether they can

+'£111 the protein gap.

‘Soyabean contains a good amount of protein of high

. quality (Payne and Stuart, 1944). The essential amino acid
_composition of soyahean (Parpia, 1966)1gg compared to that
of FAO reference pattern is shown below : '

'Essential amino acids « g/g nitrogen -

soyabean FAO reference
‘ pattern
- Lysine . ‘ 0442 0.27

Tryptophan 0,08 0,09
Phenylalanine 0.33 0,18
Cystine ' 0410 0.13
Mothionine 0.10 0.14
Threonine 024 0.18
Leucine - : 0,50 0.31
Isoleucine - 0.87T - 0,27

Valine 033 , - 0.27

L*.:
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‘Desikachar and Subrahmanyan (1949) showed that soya
milk has a good supplementary value when added to poor
cereal diets of children, Dean (1953) céhpared the
prbgress of malnourished children treated with soya milk '
and cow's milk and obtained a good response with soya milk
except for a slow rise in serum proteins., Similar results
were oﬁtained by Gomez, Ramos - Galvan, Cravioto, Frenk
Pena, Moreme and Villa (1957). Soyabean in combination
with peanut in the ratio 1:1 and fortified with 1% lysine
and 1% methionine was found beneficial in supplementing
diets based on rice, maize and tapioca (Doraiswamy, Rao,
Shankaran, Rajagopalan and Swaminathan, 1964). The
rationale for the fortification with lysine is not, however,
c¢lear, But it is not easy to secure écceptance of soyabean
by populations not accustomed to its use (Patwardhan, 1961).
Moreov8r the agronomic details of cultivating it in many
regions where protein malnutritiop gxists are yet to be
worked out (Behar, Bressani and Scrimshaw, 1959). Attempts
are now being‘made at the Amul Dairy at Anand to cultivate
soyabean and to extend the supply of buffale milk by

mixing it with soyabean milk,

In India soyabean cultivation is limited whereas
'hengal gram andxother pulses are extensively cultivated
(parpia, 1966a), Because of their higher protein ami lysine
contents as compared to cereals which are deficient in

lysine, they can help to increase the quality and quantity



31

of proteins in cereal diets. Although pulse proteinsrhave.‘
‘poor protein efficiency ratios whén fed ﬁloné, their nutri-
tive value as weil as'tnat of cereals is improved when they
are fed in combination with cereals. {Chitre amd Vallury,
1956; Phansalkar, Ramachandran and Patwardhan, 1957, 1958),
Studies in this laboratory have shown that supplementation
with a pulse éuch as bengal gram is as effective 1p
improving ihe protein valuqs of cereals as that with skim
milk powder, fish flour or lysinme (Tambe, 1965).

Roasted bengdal gram powder given alome or with rice
has been found effective in the treatment of kwashiorkor
although the rise in gerum albumin was slow compared to
that obtained with skim milk powder treatment(Venkatachalam,
Srikantia, Mehta and Gopalan, igss). Similar results have
been obtained during trials in the All India Institute of
Hygiene and Public Health, Galcutta and the paediatrics
department, Madras (XICMR Report No. 46, 1963). A mixturé
of roasted -bengal gram flour and skim milk powder in the
réfio 4:1 was found good in the treatment of kwashiorkor
cases and also during field trials (Ganapathy, Swaminathan,

Taskar,, and Rao, 1961).

Another promising protéin'sourca is groundnut and
groundnut meal, A groundnut curd preparation,was'found
beneficial in supplementing rice diets (Subrahmanyan,

Reddy,, Moorjani, Sux, Dofa;swawy, Sankaran, Swaminathan,
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and Bhatia, 1§54), Low fat peanut fiour along ﬁith 1egﬁmes |
or skim milk powder has been found useful in the treatmehtv
of kwashiorkor cases (Jayalakshmi and Mukundan, 1561). The
multipurpose food developed at the Gentral Food Technologieal
Résearch-Instituté;ﬂysore is based on comhinations ot '
defatted groundnut meal and bengal gram in the ratio 3 1.
Snpplements of mnltipurpose tood were found to 1mprove the
nutritive value of the poor rice aiet (Subrahmanyan,Joseph,

: Doraiswamy, Rao, Sankaran, and Swaminathan, 1957; Subrahmanyan,
Doraiswanmy, Bhagwan, Rgo,.Sanknran and Swaminathan, 1959).
Biscuits made of a mixture of groundnut flour, corn and

skim milk fowﬂar have been found effective in‘the‘freatmant
of kuashiﬁrkor cases (Clegg and Dean,. 1960). The high -
protein biscuita develoPed at Mysore are prepared from
groundnut flour. wheat flour, and sngar‘fo:tified with
vitamins and minerals (Karnad, 1961). Recently, a method

of preparing protein from groundnutwoilseed meals has been
reported (Bhatie, Parpia, and Baliga, 1966), Balahar, a
recently developed food. is based on a egﬁbination of 5%

" wheat flour, 20% solvent extracted gromndnut and 5% skim
milk powder fortified with vitamins and minerals (Berg
personal~communicationlq Other products based on 0il cakes
from sesame aua(eoconuﬁ have algo Seen éeveioped and e#aluated
(Venkatachalam and Srikantia. 1961; Tasker, Rao, Indlramma,
Swaminathan,hSreenlva-an and Subrahmanyan, 1962);
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Several pr&qessed fnéd miﬁtnrés based oﬁﬁlaoaliy
available grain and oii'eake and éuit&ble'fqr'young
children have been developed iﬂJéifferenﬁ parts of the
world;‘ The“lnaaparina‘ mixtures debelapéd in Central
America ave jgdiéious combinations of corn, maize,
decorticated sesame and Géséypdl—frae'aotton'seed flour,
fortitied with yeast, vitamins and minerals. Clinical
and field tria}svwifh ﬁhq,pgadggis showed that the
tolerance and aéoepﬁ&biliﬁyfweféugood. Nitrogen balance
studies carried out om 1-5 year olds in a late stage of .
convalescence suggest that at levels of protein intake
above 2g. per kg. body weight, the products were as good
as milk dietsﬁ HowBver, at 1e§els of Intake below 2 g..
péi kgﬁ body weight, milk was fpund superior (Serimshaw,
Bohar, Wilson, Viteri, Arroyavq:;nd Breasani;-lsei).: One
of the formulations is ex@enaiéely~béing marketed in

Central America.

Products such a& fﬁpubina? in the middle east
(Tannous‘<¢owgn, Rinnuz, Asfour aﬁd Sabry, 1965; McLaren,
Asfour, Cowan, Pellett and<waﬁnous, 1967) and 'pronutro’
in South Africa (Odendaaig 1968; Kapsotis,, 1967) are
based on similar combinations #f—vegetéhle foods with or
without addition of animal foods.

Though protein foods of the type deseribed above can

be man&iaetured~from'épyébgan, ¢0t§og seed, coconut and
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similar oil seeds and oilseed meals, the widespreéd use

of these in the diet of pre-school children of developing
regions requires a rapid development of‘food technology,'
transportation fae111tles and educatlon of the peOple in

the use of these products (Abbott 1965).

The poor keeping quality of oilcakes poses problems
in their use by thé housewife., Groundnut can, howgver,fﬁrm
a valuable addition to the weaning food along with pulsés
in the form of a paste or milk prepared from the roasted
and skinned kernels., It can 1mpart a creamy texture and
nutty flavour to gruels preparea from a cereal-pulse
mnixture, Care must be taken to ensure that they are free
from mold contamination as the gold, Aspergillus flavus
that is sometimes found on groundnut, is toxic (Milner,

1966).

Improvement in the quality of proteins 6f cereals and
legumes c¢an also be achined by the addition of several of
the limiting amino acids. Scrimshaw and his associates
have shown significant improvement in nitrogen retention by
the addition of tryptOphan,'lysine, and isoleucine to corn
masa flour (Serimshaw, Bressani, Behar and Viteri,i958; and
Bressani, Scrimshaw, Behar and Viteri, 1958). Several
studies have shown that addition of lysine to wheat products
resuits in an improvement in their protein quality (Westerman,
Hays, Schoneweis, 1957; Westerman, Kannarr, and Rohrbough,

1957). Lysine-fortified bread, soups and breakfast



AN

~ 35

dishes ave alregéy being introduced . in the market by
severai-eammsreial fﬁrms; Similarlybtho éna;ity Qf rice
proteins and rice products are improved by the addition.
of 0.2% lysine and 0.2% DL-throonine (Kik. 1956a, 1956b)¢
waever, supplementation,with aminoacids without eorrect:ng
dexiciencies of the limiting amino acids of the diet may
not produce benefieial effects, but actually produce an
adverseo effect (Harper, 1959; Fisher and S?apira,;19ﬁi)‘
Increasing the second deficient amino acid withént
eorrect%ng thalﬂefieiency'qf the first lim&ting"amino acid
is fouud‘to pe.p% po value, as might be expected, When
foods are fortified with the girsf limiting aminé acid, it
is usmal to adjust the dose so that the level is incregsed
to that eorresponding to the,lqvel of the second limiting

amino acid,

Enrichment of foodstuffs with minerals and vitamins
is being carried out in many countries, Whan speeifie
vitamin or mineral deficiency exists, such proeedures «
have praved beneficials. Use of enrxched flour and iodisad
salt have helped to cradicate minaral vitamin ﬂetieieneies
and goitre im many parts of the world, @?nt\enxichment
with individual nutrients such as galcinm’or‘vitamin A
. may not help whén the overall quelity of the food is poor,
Supplenentation of caleium to a low calcium diet which

is deficient in ofhgf nutrients is found to have mno



’

beneficial effects (Bansal, Rau, Venkatachalam, and
Gopalan, 1964),f}éxm11ar1y,-adaition of vitamin A alone

in the diet of kwashiorkor children did not bring abéut
any change in the level of vitamin A in blood (Gopalan,

et al, 1960), In this country the bulk of the food
‘consumed in rural areas is consumed locally so that
~enrichment at source i8 almost an impossible prbppsitiqn. '
_Further in the case of wheat and other grains puréhéséd :
as such rather than as flouf; reinforcement with nutrients

is not very easy.

As pointed out earlier, the production and distri- |
bution of proeéased Anﬂ enriched foods may not be‘possipie -
én a sufficiently large scale in the neaf future,( It séémé
ﬁecessary therefore to identity cooking and proeeésing
which can be employed by the rural housewife and which can |
increase the suitability and nutritive value of foods

 consuned by young children,

The flavour, texture, digestibility and vitamin coutént
of toéds can be iﬁproved by methods such as germinaiion,
roasting, and fermentation etec, which can be used either
in the home or Iargg'seale preﬁaration of processed foo&§¢
Germinate@d and roasted eereals and pulses acquire: a
malty flavour,: At the éahe time these brocesses bring:

about destrueﬁion-qutxypéiﬁg'inhibitors and also imprové
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the nutritive value. Vitamins such as thiamine, ribe-
flavin, ascorbie acid and nicotinic acid are found to be
increased to a considerable extent., During germination,
enzymes such as phytase, cellulase, amylasé and protease
appear and they help to break—down phytate, and eellulose
and to convert stareh and protexns to more easily digestible
prodncts (Bhagwat and Rao, 1942* Aykroyd and Doughty, 1964
Dhand, 1964). Many of these changes also take place during
fermentation. An increase in thiamine, riboflavin,
nicotinic acid and improvement in textﬁre; taste, and
ﬁigesﬁibility have been found with ferﬁentation (Radhakrishna
Rao, 1964; Rajalakshmi and Vanaja, 1967). However, these
procedureg are not adequately exploited by the common man

or by institutions such as hospitals, hostels and schools.

Although as péintgd out earlier, several proeessed
foods suiteble for children have been developed and
evaluated, whole day diets for young children based on
loea;ly‘available foods which can be prepared by the
mother in rural areas with simple kitchen equipment have
not been formulateq, leave alone their‘evaluation. As
pointed out earlier,it is essential to do this as processed
fToods éénnot be expected to meet the needs of rural areas

in the near future,
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The present study was undertaken to formulate and
evaluate such whole day diets based on locally available’
foods for pre-school children. The formulations were
based mainly én aninal experiments carried out in this
laboratory or elseéhere% The dietary principles used
in the formulations were tested by animal experiménts to
the extent possiﬁle. Whole day diets cooked according to
these formulations were also evaluated with animal subjects,
The diets formulated were fed to pre-school children for 6
month periods in two successive years and studies made .of
the effects of these diets on their physiecal, clinieal,
biochemieal and radiological status. These studies are

incorporated in this thesis.



