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I . INTRODUCTION

Freedom from the scourge of hunger is  the 

profound promise o f our era for mankind* I f  the 

world is  to  meet this challenge of hunger, food 
supplies must be doubled by the year 2000 (Agency 

for  International Development, AID, 1975). But 
the world food picture from today’ s vantage point 
is  not encouraging. A minimum o f four per cent 
annual increase in food production is necessary to 
feed the present population, the 75 m illion new 
individuals who jo in  the world each year (Harrar, 

1975).

Unrestrained population growth has been 

warned to be the greatest threat to  human w ell­
being. It  has been estimated by Mrak (1972),
Brown (1975), Singh (1975) and Pimentel et a_l.(1976) 
that by the year 2000 the world population is  lik e ly  

to  range from 6.0 b ill io n  to  7.15 b il l io n . By then 

man must find more e ffe c t iv e  ways of feeding himself 
regulating the population and sta b ilis in g  the envi­

ronments. According to  Scrimshaw (1975) the world 

is  entering a period when the relationship between 

food ava ilab ility  in low-income countries and rising 

population is increasingly perilous and for some 
countries, has already reached cr is is  proportions.
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Fewster (1975) states that the two factors 

common to  the diets o f the people of the developing 

trop ica l world are f ir s t ly  that the staple foods 

are in short supply and secondly that these staples 
are inadequately supplemented with foods o f animal 
orig in . As Aylward and Jul (1975) proclaims protein 

deficiency is  only one aspect of a wider nutritional 
problem and that national p o lic ie s  should aim at 

adequate supplies of energy foods and adequate 
supplies of a ll protective and body building foods.

India’ s food and nutrition problems today 

continue to be formidable, and what lie s  ahead for  

large numbers of her people is  a grim struggle for 
mere survival (Gopalan, 1975; Baig, 1975). Gopalan 

(1976) points out that at the moment, the national 

agricultural programme is  quantity-oriented, without 

any reference to qualitative aspects of the nutritional 

needs. I t  is lopsided and biased in favour o f produc­
ing more cerea ls . In this opinion, the entire 

agricultural productive programme right from seed 
sowing to post harvesting, including storage and 

d istribution , should be streamlined to meet the to ta l 

food needs of the community with proper balance between 
cereals, vegetables and legumes.
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Malnutrition is  one of the major public health 

problems in India (Devadas, 1974; Ramalingaswami, 
1975; Indira Gandhi, 1976). Long term consequences 

of malnutrition during the c r i t ic a l  phases of growth 

and development on the physical, mental and allround 
development of children has been well recognised 
(Berg, 1973; Srikantia, 1975; Bengoa, 1975; Singh, 

1976). According to Swaminathan (1976) the major 
nutrition problem in India is  inadequacy of calories 

in the d iet o f the economically handicapped. The 
mean per capita consumption o f protein and ca lorie  

in India are 55 g. and 1985 calories respectively 

(ICMR, 1971). Sukhatme (1971), FAD (1975) have e s t i­

mated that in Asia, cereals provide 70 per cent o f 

the ca lories and 60 per cent of the protein in the 
d ie t . However as Gopalan (1974) opines in majority 
o f the developing countries the food contained 

neglig ib le  amount of good quality proteins.

Increasing the consumption of good quality 

protein o f animal origin is  beyond the scope of the 
common consumer, because of in su fficien t production 

and low purchasing power (Satyanarayana, 1971 and 

Raper, 1974). Hence the u tilisa tion  o f inexpensive 
and indigenous protein rich  sources in proper combi­

nations w ill help to  bridge the protein lack in 

developing non-conventional, semi-conventional, 

inexpensive, lo ca lly  available, acceptable foods.
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Literature points out that although the 

b io log ica l value o f the pulse protein is  lower than 
that o f animal protein, the former help substantially 

in fu l f i l l in g  human requirements when combined with 

other proteins in a mixed diet (Protein Advisory 

Group, PAG, 1975).

M illets like ragi and jowar are grown abun­

dantly in India and widely consumed by the poor in 
certain regions of the country (NIN, 1973). The 
proteins in cereals and m illets in general are lim iting 

in essential amino acids, lysine being the f ir s t  
lim iting amino acid. These amino acid d e fic its  can 
be complemented by legumes which are rich  not only 

in lysine but also threonine (Swaminathan et a l. 1975).

Much headway has been made in many of the food 
and nutrition laboratories in India in the formulation 
of vegetable proteih mixtures and new vistas conquered 

by the introduction of hybrid varieties o f food grains. 

However to  make these economically feasib le  and 
widely acceptable, as pointed out by Devadas (1967)1
(1973) Roberts, (19 75) Sukhatme (1972) and Gopalan 

(1972), (1974) these mixtures should be made to 

supplement the customary diets by lo ca lly  produced 

low cost nutritious and acceptable foods based on 
blends of cereals, oilseed meals and legumes. S e lf­
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su ffic ien cy  alone is  the surest way to wipe out 
malnutrition, warns Gopalan (1973), and a right step 
towards this se lf-s u ffic ie n cy  is  to  solve the loca l 
problem of malnutrition with lo ca lly  available foods. 

This approach may lack the glamour associated with
11 i,

expensive, elaborate and sophisticated processing, but 

in the longjrun may prove more rewarding and y ield  

more tangible results in our country-side. This
investigation is  planned along these lin es .

* '
Ragi is  one o f the cereals widely consumed by 

the economically handicapped around Coimbatore dis­

t r i c t .  This study aims at evaluating the supplementary 
value of selected mixtures o f plant proteins in the 

ragi based d ie t . The loca l ragi diet was supplemented 
with suitable combinations of sweet potato, horse-gram, 
sesame, groundnut and green leafy  vegetables to enhance 

it s  nutritive value and the protein quality o f these 
ragi-based vegetable diet mixtures evaluated on 

albino ra ts .
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I I .  REVIEW OF LITERATURE

The literature pertaining to  this investigation 

on the b io log ica l evaluation of a ragi based diet is 
reviewed as follow s:

A. Malnutrition and its  outcomes.
B. Role of indigenous food mixtures in 

combating protein energy malnutrition.
C. Evaluation o f protein quality.

A. Malnutrition and its  outcomes:

Good nutrition and malnutrition are the end of 
many interacting factors operating simultaneously and 

concurrently on the individual in the physical, ecolo­
g ica l and cultural environment of the community (Devadas, 
1972).

A large number of d iet and nutrition surveys in 

our country have shown that the diets consumed by a 
large majority of the population consist predominantly 

of cereals and small amount of legumes and vegetables 
(Swaminathan, 1975). Protein-Calorie Malnutrition (PCM) 

a ffectin g  young growing children between the ages of 

1 to  5 years is  one of the important nutritional 

problems in India today (Swaminathan, 1969; Achaya,

1967; Mahalanabis et al; 1969; Srikantia, 1969;

Swasth Hind, 1970; Pasricha, 1973 and Vinodini Reddy, 

1974).
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According to Gopalan (1975), in India on the 
basis of the incidence o f growth fa ilu re , the prevalence 
of PCM is  80 per cent, whereas that o f kwashiorkor as 
low as 1.2 per cent. In a malnourished community 

roughly 1 to 1.5 per cent of children below fiv e  
years show evidence of kwashiorkor, about two to  three 
per cent frank marasmus and the rest growth retardation 
and emaciation.

’ Malnutrition is  an important cause o f infant 

and child mortality, stunted physical growth, low 
work output, premature ageing and reduced ^can of l i f e  
in the developing countries (J e l l i f f e ,  1968; Read,

1968; Mayer, 1970; Dumo, 1971 and Oberoi, 1972). 
Protein malnutrition is  the biggest single factor 
contributing to  infant and young ch ild  mortality in 
developing countries where 25 to 30 per cent die 
before the age of fiv e  (Chow, et a l. 1967; Berg,
1970; Subramanium, 1971; Allan, 1972; Madhav, 

ejt a l. 1973 and Devadas et a l. 1974).

The re la tive ly  high prevalence of in fections 
like cough, cold, measles and diarrhoea are usually 

important contributors to malnutrition (Morley and 

McWilliam, 1961; Scrimshaw et̂  a l. 1961 and Gorden 

et a l. 1965). Malnutrition almost invariably lowers 

resistance to  in fection  and in fectious diseases

V
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exaggerate the e ffe c ts  of malnutrition (Bengoa, 1970; 
Scrimshaw, 1972 and Gopalan, 1973). Esh (1971), 

Swaminathan (1970), McCance (1971), Srikantia and 
Yogananda Sastri (1971), Gopalan (1972), Devadas 

(1973)i Raju (1974) and J e l l i f fe  (1976) point out 
that protein -  ca lorie  malnutrition in early childhood 

retards growth and reduces the capacity o f the child  

to understand and learn.

Children of the low income fam ilies do not get 

adeguate diet at home, hence i t  has been fcund that 

their growth is  sub optimal (FAO, 1964; Srikantia, 

1971; Boermaju, 1971; Agarwal et a l. 1971; Bengoa, 

1975 and Reddy, 1976). Even the pregnant women, 
especia lly  those of the lower socio  economic groups, 
subsist on d iet which f a l l  short o f recommended 
allowances (Hasan, 1968; Rao, 1975 and Reddy, 1976).

Gopalan and Narasingha Rao (1971) have revealed 

that the daily protein intake of Indian preschoolers 

range from 1.7 g/kg to  2 .8  g/kg body weight and daily 
Calorie intake was as low as 70 to 75 ca lories/kg  

body weight. The inadequacies in Indian dietaries 
are not only quantitative but also qualitative 

leading to high incidence of under-nutrition and 
malnutrition (Gopalan, 1971; Gupta, 1971 and Belavady, 

1975).
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The cereal c r is is  and malnutrition are in ter­
connected* In widely dispersed countries as Brazil, 
India and Tunisia, the 20 per cent o f the population 

with lowest income has h a lf the percapita intake o f 
the top ten percent (Ganzin, 1975). A feature of 
poverty in India is  the high ra tio  o f expenditure 
on cereals in to ta l food expenditures.

As the world enters the United Nations Second 

Development Decade a small fraction  o f the human race 

is  overfed and worried about diets to lastout while 

the vast majority o f mankind is either under nourished 
or malnourished (Michanik, 1972).

Pant (1971) and U llrich (1970) opine that hunger 
and malnutrition must be attacked through a wide variety 
of methods. Action is  particu larly  necessary in the 

struggle o f freedom from hunger in extending the use 
of high yielding cereals (Gupta, 1971; Parpia, 1971 

and Belavady, 1975), in closing the protein gap, in 
eliminating the waste and in mobilising the human 

resources (Rao, 1964; Pearson, 1970; Pyne, 1971; 

Pingale, 1971 and Gopalan, 1976).

For the average citizen^ in India according to 

Rao (1968) cereals provide the main source of ca lories 

(67 per cent) as well as proteins (60 per cen t). Ragi 

and r ice  are the most important sources o f proteins 

in the dietaries of the low income groups ih some parts
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of India ( FAO, 1970), Legumes are consumed in varying 
amounts and w ill add about one to four per cent extra 

proteins in the poor r ice  and ragi d iets . As Gopalan 
(1973) points out the ultimate nutritional upliftment 
of our communities can only be achieved through 
educating the v illa ge  communities to e ffe c t iv e ly  
u t iliz e  lo ca lly  available foods for better nutrition*

B. Role o f indigenous food mixtures in combating 
protein energy malnutrition:

( in  the last twenty years, tota l and percapita 
food production throughout the world has been steadily 

increasing. Despite these increase many in the 
developing and the developed world are poorly nourished 

because of poverty, poor food distribution and tradi­
tion a l eating habits (West, 1974 and Brown et a l . 1975)*

Modern science and technology has made possible 

the production of various processed protein foods as a 

measure to  meet the protein deficiency . Some of the 
protein rich  foods developed in India are the multi­
purpose food, malt foods, vegetable milk, cotton seed 
meal, vegetable protein mixtures, fish  protein concen­

trate and lea f protein (Dev ad as et a l. 1975). Much 

work is being done in the f ie ld  of protein nutrition . 
Research is going on to find the appropriate inexpensive 

sources o f protein to enhance the nutritional value of 

the diets o f the economically worser section of the 

soc ie ty .
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Pasricha et a l. (1973) state that one o f the 

most important reasons fo r  using lo ca lly  available 

foods in any supplementary feeding programme is  that 

i t  introduces an element o f self-generation . Kymal 

(1973) feels that the acute shortage and high cost of 

conventional high protein rich  foods suc_h as milk, 

meat, eggs e tc . have necessitated the development of 
nutritious processed food formulations based on readily 

and lo ca lly  available cereals, fo r t i f ie d  with high 

protein edible oilseed meals and also pulses whenever 

readily available.

The consumption o f pulses among the poor is  not 

adequate. They rely mostly on cereals for their 

J proteins and calories (Belavady, 1975). Hence there 
is  need to  develop blends of cereals and pulses which 

w ill  possess high Protein E fficiency Ratio and w ill meet 

the protein needs of malnourished children (Daniel et 

a l. 1969). Most of the low cost vegetable protein 

mixtures have been prepared by using flours and concen­

trates making i t  possible to maintain the cost o f 

the fin a l product nearer to the staple food price 

(Gupta, 1972).
' e

The supplementary relations between the proteins 

of r ice  and ragi and Bengal gram feed in the ra tio  o f 

7 :3  have been studied by Patwardhan et a l. (1960). A
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feeding t r ia l  was conducted on weaned infants by Daniel 
(1967) with low cost balanced foods based on blends of 

ragi or maize, groundnut, Bengal gram, soya and sesame 

flou r and fo r t i f ie d  with lim iting amino acid# Desai 

et a l . (1968) studied diets based on r ic e , ragi, wheat 

and sorghum supplemented with coconut meal on young 

rats# Coconut meal fo r t if ie d  with calcium salts and 

vitamins brought about sign ifican t increase in growth 

rate in the case of r ic e , wheat and k a ffir  corn d ie ts .

Swaminathan et a l. (1968) studied a diet based 

on ragi supplemented with protein foods based on ground­

nut, sesame, Bengal gram and soya flour or skim milk 

powder. The same study with maize showed that the 

growth promoting value of the maize diet was noted 

only when the supplement provided ten percent extra „ 

proteins. The e ffe c t  of replacement o f 25 per cent of 

the cereals in poor Indian diets with a low cost 

mixture containing 19.3 per cent protein based on a 

blend o f ragi 65 per cent, peanut flou r 25 per cent 

and chick pea flou r 10 per cent fo r t i f ie d  with calcium, 
phosphorus and vitamins on the overall value o f the 

diets resulted in s ig n ia  cant increases in growth o f 

children (Kurien et a l. 1970).
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Radhakrishnan et a l. (1963) studied the e ffe c t  
of the wheat based and the rice  based diets on the 

growth of preschoolers* There was greater Increase 

in height in group consuming r ice  -  based d iets .

Parpia et a l . (1969) studied the e ffe c t  o f 
ca lorie  restriction  on the supplementary value of 

protein foods to poor vegetarian d iets . The supple­

mentary value of a protein food (Indian Multipurpose 

food) based on 3 :1  blend o f peanut and chick pea 
flours fo r t i f ie d  with minerals and vitamins to poor 

vegetarian diets based on r ice  and ragi under condi­
tions of adequate and inadequate ca lorie  intakes on 

albino rats.

Supplementing a r ice  based diet with 50 g of 

ed ible groundnut flou r , fo r t i f ie d  with vitamins and 
minerals, had a sign ifican t higher nitrogen retention 

than r ice  d iets according to Parthasarathy eit a l. 
(1962). Patel et a l. (1970) evaluated diets of jowar 

flou r  containing flou r to  provide seven per cent 

proteins and mixtures of jowar flou r  with ambadi 

and methi to  provide fiv e  per cent from jowar and 
two per cent protein from the leafy vegetables. The 

PER o f  the diets were found to  be 0.92, 0.94 and 1.54 

respectively . Rajalakshmi (1975) studied the e ffe c t  

of d ifferent supplements .to maize and jowar on the
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protein and niacin status of weanling rats. Mixtures 
of maize, green gram and groundnut and maize, Bengal 

gram and groundnut were evaluated for protein quality 
through albino rats. The protein quality of the maize, 

Bengal gram and groundnut mixture equalled that of 

skim milk and the other was almost as e ff ic ie n t  

according to  Easwaran et al* (1972),

Devadas et a l . (1974) evaluated a weaning 
mixture based on lo ca lly  available cereals and pulses 

such as maize, roasted Bengal gram dhal, roasted 

groundnut and jaggery. A sign ificant increase was 
seen in the heights and weights of children in the 

experimental group.

Green gram was found to be a good supplement 

to cereals fo r  i t  has a very good supply of the 
essential amino acid through the studies conducted 

by Deshmukh and So^nie, (1965). Eapen et a l. (1968) 

have found out that a combination of red gram dhal 
and skim milk in the protein ra tio  1:1 could be an 

e f f ic ie n t  substitute for an equal quantity by 
protein content o f skim milk or to a combination of 

the multipurpose food and skim milk.

Groundnuts are a potential source o f supple­

mentary protein for  human food. They contain a fa ir
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/
/

amount of protein. Their products have found wide 

acceptance as food throughout the world (Rhee, 1972). 
Carpenter et a l. (1968) fed groundnut and lysine to 

young rats at a high level as their sole source of 

protein. I t  supported weight gain and nitrogen 
retention equal to that of egg protein. According 
to  Krishnamoorthy et, al,* (I960), protein foods based 

on blends of groundnut, Soyabean and sesame flou r 
with a protein content between 45 to  48 per cent 

when fed at 16 per cent level were as e ffe ctiv e  as 
skim milk in promoting growth in ra ts . Prasanna et al. 

(1969) formulated a mixture with milk, coconut and 
groundnut having about 26 per cent of the to ta l 
proteins, on e -fifth  from milk and tw o-fifth  from 

groundnut.

Research e fforts  in several countries have 

helped to develop high protein mixtures of loca lly  

available plant material that approach or equal the 
results obtained with milk proteins* The main protein 

sources fo r  such combinations are cereals, legume 

seeds, o i l  seeds and meals and isolated  plant proteinsI
(Register et al,. 1967). Tasker et a l . (1960) states 

that the vegetable protein mixtures can be a good 

substitute to  poor d iets . Reynolds et a l. (1962) and 

Oldham et al.(1965) found that nitrogen retention
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was greater in women receiving crysta lline amino 

acid in the peanut pattern than amino acid in the 

FAD pattern.

Kamalanathan et a l. (1970) obtained sign i­

fican t improvement in the nutritional status of 

pre-school children who were fed supplements of 
groundnut meal, sesame, horsegram in the ra tio  2 :2 j l .  

Studies carried out by Central Food Technological 

Research Institute have shown that supplementation 

o f the diets o f children with fo r t i f ie d  protein 

foods based on blends o f groundnut, coconut and 

sesame flour* made up the deficien cies in the d iet 
and promoted good growth in children (Doraiswamy 

c t  a l , 1969). Lyon (1972) fed rats with a ten percent 

protein ration fo r  four weeks fo r t if ie d  with lysine 

to a level o f 4.2 per cent and raised the PER from 
1.7 to  2 . 14, fo r t if ic a t io n  with lysine to a level of 

8.2 per cent raised the PER to  2 .9 . CSM, Balahar, 

lea f protein and skim milk diets at ten per cent 

level were made isoca lo r ic  by adjusting the fat 

content o f the protein sources. The PER values
T

obtained were as follow s CSM 3.81, skim milk 3.26, 

Leaf Protein 2.19 and Balahar 1.99 (Chandrasekhar, 
et a l. 1975). Allan (1972) speaks of the post
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kwashiorkor food mixture which consisted of 40 per cent 
corn flou r meal,38 per cent fu l l  fa t soya flou r , 15 

per cent sugar, 5 per cent dry skim milk and 2 per cent 

vitamin-mineral mixture.

The a va ilab ility  of protein and minerals from 

red hake was studied under constant and controlled 
dietary conditions. The fish  protein concentrate 

supplemented diet was well tolerated by the subjects 

(Spencer et a l. 1971).

Research studies conducted by scien tists  and 

others interested in food technology and nutrition have 
helped in the formulation of many nutritionally rich 

protein mixtures which could help to  solve the protein 

f  amine.
I

C. Evaluation o f protein quality :

The need of any single species fo r  a sp ec ific  

nutrient such as protein can be defined by an in fin ite  
numbers o f variables. Based on the factors which alter 

protein needs d ifferent methods have been developed 
for evaluating dietary protein (FAO, 1965). McLaughlan 
and Campbell (1970) state that the protein evaluation 

methods are necessary in order to be able to  rank the 

proteins in order of their e ffic ien cy  under standard 

conditions and secondly, to compare the e ffic ien cy  of 

d ifferen t sources o f proteins to meet the nitrogen 

and amino acid requirements.
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Evaluating the nutritive quality of dietary 
protein involves measurement of several parameters 

u tilis in g  appropriate methods. The determination 

o f b io log ica l value and PER are the traditional methods 
(Thomas, 1909; Osborne et a l. 1919; M itchell, 1924 

an# Mitchell and Carmen, 1926). The e ffic ien cy  with 

which a protein is  used fo r  growth and maintenance 
is a measure o f  i t s  quality (Blender, 1954; NRC, 1963; 

Watts, 1965 and Bhat et a l. 1974).

1. Methods of evaluation of protein quality :

The two procedures that are used fo r  evaluating 

the protein quality are the indices based on (a) weight 

gain and (b) body nitrogen changes (NRC, 1963).

Venkat Rao et a l, (1964) c la ss ify  the methods 

available fo r  evaluation o f the protein quality as 

those based on growth o f the body. Carcass nitrogen 
analysis, nitrogen balance studies, regeneration of 

blood and liv e r  constituents, determination o f the 

a va ilab ility  of amino acids, chemical scoring and 

miscellaneous methods.

The quality of protein obtained from a diet 

depends on the amount o f  food consumed and on the 

protein content o f the food (Sood et a l. 1974). Lekin 

(1973) emphasises the fact that the protein quality 

may also be affected by the stages o f growth, in fection ,
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physiological condition, gastro-intestinal disorders 
and stress. Various methods available for evaluation 
of the protein quality has been extensively reviewed 
by several workers (Bender, 1975). The methods received 

here pertain to  that o f  body growth, nitrogen balance 

studies and carcass nitrogen.

a. Methods based on growth of body:

( i )  Protein E fficiency Ratio (PER): ^

Protein E fficiency  Ratio is the increase in the 

body weight in grams to  the protein consumed (Beaton 

and McHenry, 1964 and Allison et a l. 1964). PER is  
based so le ly  on the gain in body weight and does not 

take into account the composition o f weight ihcrement 

(NRC, 1963).

The NRC (1963) enumerates the favourable condi­
tions fo r  PER determinations as a four week assay 

period, diets containing ten per cent protein and 
providing a ll other essential nutrients, male weanling 

rats and ad libitum feeding#

Growth is perhaps the ea rlie st o f the parameters 

used in nutritional evaluation o f the protein. As early 
as 1919, Osborne and his co-workers showed that the 

rate of growth of weanling rats under standard condi­

tion  provided a re lia b le  measure of the value o f dietary 

protein (Campbell, 1961).
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For good quality protein, the PER values decrea­
sed markedly as the protein content of the diet increased, 
whereas in the case of poor quality protein there was 

some increase in the PER followed by a decrease (Henry 
and Kon, 1958 and Rao e£ a l. 1963).

Muramatsu and AShida (1962) found that the 

response curve of changes in turn over rate o f body 

proteins plotted against protein intake at d ifferent 
levels was sim ilar to that of body weight plotted in 

a sim ilar way. Hegsted and Worcester (1947) observed 
that there was a very high correlation  between gain in 
weight and protein e ffic ie n cy . Sibbald et a l. (1957) 
noted that variations in the food consumption o f 

weanling rats, fed rations containing varying nitrogen 

sources, were largely associated with the apparent 
d igestib le  energy content of the rations.

( i i )  Net Protein Ratio (NPR);

The method was introduced f i r s t  by Bender and 

Doel (1957). It  is  a m odification o f PER methods and 

the experimental period is  ten days. By including one 

additional group on protein free diet to  make an 

allowance fo r  the protein requirement far maintenance, 

the net protein ra tio  is calculated.
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NPR * iWeight gain by test group (g) + Weight loss 
of protein free group (g) .

Protein intake of test groups in grams
(McLaughlan, 1972).

)
As in the case o f PER, NPR is also influenced by

!•
protein o f the diet*

( i i i )  Gross Protein Values (GPV)

Gross protein value was f i r s t  suggested by Heiman 

et al (1939) and later modified by Carpenter (1957).
The gross protein value of supplementary protein is  

calculated as the extra growth obtained with the 

supplementary protein eaten. This is expressed as the 

percentage of the corresponding figure obtained with 

case^in as the test supplement*

( i v ) Nitrogen Growth Index:

When the nitrogen is  fed at d ifferen t levels and 

plotted against gain in body weight over a period of 
28 days, a curve is obtained* The slope of the curve 

has been called  the nitrogen growth indices (Venkata 

Rao e_t al,. 1964). Evaluating the standard rat assays 
in assessing the protein quality of foods, McLaughlan

(1974) opines that the slope method is  the most suited 

in that i t  has the advantages of the slope ra tio  assay 
and would give a truly  predictive value for lysine 

deficien t d iets .
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(b) Methods based on nitrogen balance:

( i ) B iological Value:

The b io log ica l value is determined by the nitrogen 

balance which is defined by the ra tio  of nitrogen 

retained and nitrogen absorbed (NRC, 1963). From this 

the following formula for d ig e s t ib ility  and b io log ica l 
value have been worked out by M itchell and Cqworkers.

D ig estib ility  * Nitrogen consumed -  faceal + Metabolic Ng
N2 absorbed

Where metabolic N2 * faecal N2 output on a protein diet -
Protein free d ie t.

B iologica l Value = N2 absorbed -  Urinary N2 +
endogenous Nr,

N2 absorbed

The protein to  be tested has to be fed to the animal as 
the sole source of nitrogen in the d iet. The measured 

urinary and faeca l nitrogen must be corrected by substra- 

cting the quantities that would be lo s t  on a protein 

free d iet. The b io log ica l value makes no allowance for 

losses o f nitrogen in digestion (A llison , 1964).

The formula fo r  the b io log ica l value can also be 

written as:

Retained Nitrogen .
---------------------------- X 100
Absorbed Nitrogen
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Nitrogen balance studies depends upon the concen­

tration  o f protein, nitrogen intake and the energy 

intake (Calloway, 1955). , , n

( i i )  D ig estib ility  C o -e ffic ie n t :

The d ig e stib ility  co -e ffic ie n t  of a protein may
i

be obtained by using the equation suggested by Platt 

et a l . (1961). This is  an important aspect o f the 

nitrogen balance studies.

D ig estib ility  C o-effic ien t = N2 intake -  (faecal Nitrogen -
* endogenous faecal

nitrogen)
-----------------------X 100
Nitrogen intake

Where faeca l N2 is  the nitrogen extreted in the 

faeces during the test diet and the endogenous nitrogen 
is  the amount excreted in the faeces when a protein free 

diet is fed.

(c ) Methods based on carcass nitrogen analysis:

( i )  Net Protein U tilisa tion :
i

M iller and Bender (1955) developed a direct method 

o f  evaluating protein quality and termed i t  as Net 

Protein U tilisa tion .

* NPU is  the most used method. This is the proportion

of ingested nitrogen that is  retained in the body under 
sp e c ific  conditions. NPU is  a combined measure of diges­

t ib i l i t y  and of the e ffic ie n cy  o f u tilisa tion  o f  absorbed 

amino acid.
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NPU * Body N2 of the test group (BF) -  Body N2 of 
non-protein group (BK) + N2 consumed by 
non-protein group (IK)
--------------------------------------------------- x 100
N̂  consumed by test group

(Chalupa and Fisher, 1963)

The experimental procedure is  as follow s: One 
group o f rat is  fed protein free d iet, and the rest the 

test diet at ten per cent level fo r  ten days and the 

carcass is  dried for forty  eight hours at 104°C. The 

nitrogen is  estimated by the Kjeldahl method by using 

the above formula*

( i i )  NDp Calories percent:

The carcass analysis method is  a d irect method 

o f measuring the nitrogen retained for growth and 

maintenance applicable only to  experimental animals 

j(WlKai¥¥xi9 (Watt, 1965).

The e ffic ie n cy  of the concentration o f protein 

when expressed in terms of c a lo r if ic  value of the diet 

is  called  Net Dietary protein ca lories percent. This 

criterion  takes into account both protein quality and 
concentration. Protein quality is expressed as NPU 

and protein concentration as the percentage of ca lories 

in the d iet supplied by proteins.
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NDp Calories# * Retained Protein (K Cal)
Total me-EaboUsable energy in 
food consumed.

= Retained N (a) X 6.25 X 4 Kcal
Total food intake (g) X (Kcal/g food)

d . Other methods o f protein evaluation:

Mitchell and Block provided a reasonable method 
fo r  the chemical evaluation of protein based on their 

amino acid contents. The Chemical Scores was taken as 

the lowest egg ratio  ( i . e . )  hundred minus the greatest 
percentage d e fic it  of an essential amino acid rela tive 
to  that percent in the egg protein. The protein score 
proposed by the 1963 Joint FAO/WO Expert Group can 

also be used.

Beaton and McHenry (1964) formulated the chemical 

scoring method for assessing the nutritive value of 

food protein. Many studies have confirmed the general 
v a lid ity  and u t i l ity  o f chemical methods fo r  evaluating 

the potential nutritive value o f  a protein source fo r  

humans (Block and Mitchell* 1946; FAO/VIHO, 1973;
Bender, 1973 and Mauron, 1973). There is generally 
good correlation between the prediction o f  the nutri­
tion a l value o f unprocessed cereal protein sources based 

on chemical evaluation and the nutritional value deter­

mined by the bioassay procedures (M itchell, 1946).
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Chromatographic analysis o f the amino acids 

have fcund great favour (Blackbury, 1968).

Enzymatic and microbial assays have been 

suggested to determine the ava ilab ility  of amino acids. 

M icrobiological assays are more e ffe ctiv e  in the 
determination o f the various amino acids (Rao et al. 

1965 and Ferrando et a l. 1968).

Arroyave (1975) suggests the protein quality 
index, a ra tio  based on the requirement o f protein 

fo r  age to  that of the amount of test protein required 

to  sat i s fy  the most lim iting amino acid fo r  the subject 

and seems to  be a more rational way, as an approach to 

prevent protein ca lorie  malnutrition.

v



I I I .  EXPERIMENTAL PROCEDURE

This study was planned to  evaluate b io log ica lly  

the protein quality of ragi based diet mixtures on 
albino rats . The experimental procedure consisted of 

the following phases:

A. Formulation o f the ragi based diet mixtures.

B. Preparation of the diet mixtures.
C. Selection and grouping o f the animals.

D. Evaluation of protein quality.

A. Formulation of the ragi based diet mixtures:

1. Basal d ie t :

Results of diet surveys conducted by Devadas 

et a l. (1973) in Coimbatore d is tr ic t  indicated that 

the lo ca l d ietaries o f the population groups where 

ragi was the staple food was inadequate in other 

essential foods. This dietary pattern hereafter 

mentioned as the basal d iet or diet mixture *1 * was 
selected as one o f the diets to  be evaluated in th is 
study because i t  was against this diet that the improve 
ments have been worked out. The details of the basal 

d iet is  given in Table I .  '
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COMPOSITION OF THE BASAL CHET

TABLE I

Foods Quantity
g*

Cereals 68.84

Other Inaredientss

Pulses e • 7.46

Green leafy  vegetables • • 3.09

Roots and tubers • • 4.22

Other vegetables • • 4.87

Fruits • • 1.52

Milk • • 7.88

Sugar and iaggery • • 1.29

Groundnut o i l • • 0.83

Total 100,00

2. Experimental d ie ts :

The raqi diet being consumed by the loca l people 

was found to  be very low in protein, the content being 
8.04 g/lOOg of the d ie t. The experimental diet mixtures 

were aimed to  f i l l  in the dietary gap of basal d ie t, 

with low cost lo ca lly  available foods and to make the 

pattern adequate.
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Devadas et a l. (1973) have formulated several 

ragi based d iet mixtures around the basal diet using 

low-cost loca lly  available foods like  sweet potato 

(root vegetable), horse gram (pu lse), sesame, groundnut 
and cottonseed flou r ( o i l  seeds), amaranthus (green 

leafy vegetables).

Their aim was to  enhance the nutritive value of 

the ragi based d iet with the loca lly  available foods 

and in their attempt to  evaluate them b io log ica lly  
on albino rats, they found that ragi-based mixtures 

which had groundnut flour and cotton seed flour as 
their components, apart from the legumes, root vegetables 

and green lea fy  vegetables were adjudged to  be the best 

in their protein quality, and calcium and vitamin 'A' 

retention.

However cotton seed flour is  not readily avail­

able today in the market and hence in this study i t  

was decided to  evaluate another ragi based mixture 
which had horse gran, sesame and groundnut as their 

protein supplements and had an equal chemical score to 

that o f the one containing cotton seed flou r . This 

mixture is  designated as Diet II*

To step up the nutritive value of the Diet II  

further, other permutations and combinations using the 

protein supplements sesame, groundnut and horse gram 

were worked out and these are presented in Appendix I .
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Lyon (1972) states, sesame and its  meal i s  a 

valuable supplement fo r  food and feeds because o f its  

high methionine content. Anantharaman (1968),

Swaminathan (1969) and Oke (1975) consider groundnut as 

a traditional protein supplement. Horse gram a loca lly  

available legume provides equal quantity and quality 

of proteins at half the price when compared with other 
legumes •

The amino acid pattern and the chemical score of 

the twelve d iet formulations thus worked out are given 

in Appendix II and III# Out o f these twelve diet mixtures 
two mixtures which had the highest chemical scores were 
selected for evaluation in the study and are designated 

as Diets III  and IV.

Thus a ll the four ragi-based diet mixtures formed 

the experimental diets in this study and the composition 

of these diets are given in Table H i
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COMPOSITION OF THE RAGI-BASED DIET MIXTURES

TABLE I I

Ingredients Diet I Diet II Diet III Diet IV■'.> i-

Ragi 68.84 38.84 38.59 36.84
Sweet Potato - 5.00 5.00 5.00
Horse gram - 11.00 8.00 8.00

Sesame - 5.00 6.25 7.75
Amaranth - 4.00 4.00 4.00
Groundnut - 5.00 7.00 7.25
Other Ingredients 31*16 31.16 31.16 31.16

- 100.00 100.00 100.00 100.00

In the formulation of a ll these diets. a ll the
food items other than ragi in the basal diet (Table I )

t

were kept constant since the aim was to  substitute the 

cereal with low -cost, lo ca lly  available foods. Accord­
ingly in this investigation the term “Other ingredients" 

denotes a ll the ingredients in the basal d iet other than 

the cereal and the low-cost substitutes.;

B. Preparation o f the diet mixtures:

All the foods required for the entire study were 

bought in one lo t*  The perishable foods like fru its  and

• <ir.‘
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vegetables were dried to a constant weight and powdered. 

All the other cereals and pulses were also powdered.

The basal diet and the three experimental diets were 
mixed fo r  the entire study and stored. For comparison.

' a f i f t h  diet with skim milk at ten per cent protein was 
also included in the study as a standard.

To ensure an adequate supply of vitamins and

minerals, mineral mixture (USP XVII) at four per cent
» *

lev e l (Campbell, 1963) and vitamin mixture at two per 

cent level (Cremer, 1963) were added to  the d ie ts . The 

composition o f the mineral and vitamin mixtures are as 

given in Appendix IV.

Thus a ll fiv e  diets were prepared fo r  this study 

and were analysed in tr ip lica tes  fo r  ca lories in the 

Parr Oxygen Bomb Calorimeter (Hawk et, a l, 1965). Protein 

was analysed using the macro kjeldahl method (Hawk et, a l . 

1965; Davidson, 1970; Mertz, 1971) and fa t through the 

Soxhlet method (Hawk et a l. 1965) and the values are as 

shown in Table I I I .
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TABLE I I I

CALORIE AND PROTEIN CONTENT OF THE DIETS 
(100 grams)

Diet Calories Protein 
. 9*

A 277 8.04

B 271 10.1

C 279 10.2

D 283 10.2

Skim milk 296 10.1

C. Selection and a ro u D in q  o f  the animals:

Albino rats from the laboratory stock colony
/

were selected fo r  the d ifferent experiments based on 

the following c i it e r ia :

1. Twenty four day old weanling male rats were 
selected at the rate of ten rats per group 
fo r  the fiv e  groups included in the PER 
experiment* The average weight in each 
group ranged from 31*5 g. to  31.6 g.

2. Thirty male albino ra ts , 100 days old (Womack, 
et. al* 1953; Patel et a l. 1970) were chosen 
fo r  the nitrogen balance studies. The average 
weight range was 165 g to  171 g.
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3. Thirty six male albino ra ts , twenty three 
days old with an average weight range 
between 43.7 g to  44.3 g were grouped into 
six groups of s ix  animals each for the carcass 
analysis.

For the growth study and the carcass analysis 

the rats were housed in individual cages according to  

their groups. Specially designed metabolic cages were 
made use o f fo r  the nitrogen balance experiments.

0. Evaluation of protein quality :

« A variety o f methods based on growth, nitrogen

balance, and carcass analysis were used to  evaluate the 

protein quality.

1. Growth stud ies:

The rate of growth o f weanling rats measured under 
standard conditions provide a re lia b le  measure of the 

dietary protein value (NRC, 1963).

F ifty male albino rats were grouped into fiv e  groups 

o f ten rats each. The diets were weighed, mixed with 
boiling  water to  a thin batter consistency and fed 
ad libitum (Tasker et a l. 1960). The le f t  over food 

was dried in an oven cooled and weighed. The quantity 

o f food consumed daUly was noted down. Rats were weighed 

individually on alternate days throughout the experimental 
period o f twenty eight days. Measurements used for  

evaluation based on growth were:
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a* Weight gain and food intake:

Both weight gain and food intake which re fle c t  

the quality o f  protein given (Muo/o and Allison, 1964) 
served as the basis o f evaluation o f the d iets ,

b. Protein E fficiency  Ratio (PER):

The to ta l intake o f protein was calculated for 

each rat from the to ta l food intake and from the records 
o f weight gain and protein intake, the protein e ffic ien cy  

ra tio  was calculated using the formula:

Gain in Weight (g )
PER * -------------------------- ’------------------------

Total Protein consumed (g)

(NRC, 1963; Beaton and 
McHenry, 1964)

When young rats are fed diets varying in protein 

content, the measure of change in body weight is  a fa ir ly  
good estimate o f the change in body protein (P ellette , 

1973). ’

c . Hepatic weight and nitrogen: *

The rat liv e r , a sensitive indicator of protein 
nutrition (Campbell and K osterlitz , 1948; and Waine 
et a l. 1953) contains lab ile  proteins and responds to  

increase in nitrogen intake and to  improved nutritive 

value o f dietary proteins (Allison et a l. 1962).
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The In it ia l hepatic weight and nitrogen were 
determined by sa cr ific in g  a group of weanling rats at 

the beginning o f  the experiment. At the termination 
o f the PER study the rats were chloroformed and the 
livers  removed carefu lly  and stored after weighing.

The livers were pooled into three groups o f equal 
weight. Pooled livers were homogenised well and the 
nitrogen content estimated by taking 0,2 g of the 

liv e r  in tr ip lica tes  using the micro kjeldahl method 

(Hawk, 1965; Crooke, 1971). From the in it ia l  and 
fin a l liv er  nitrogen, the nitrogen retention per gram 

of liv er  was calculated for each d ie t.

d. Hepatic f a t :

The hepatic fat content o f each of the groups 
o f  liv er  was estimated in tr ip lica tes  using the method 

described by Folch et a l• (1957).

2. Nitrogen balance studies: 

a. Depletion period:

The animals were maintained on a protein free 

d iet (Starch 86# and fa t 8# with the addition of vitamin 
and mineral mixtures) fo r  a period o f seven days. The 

f i r s t  three days were the adjustment period and the last 

four days were the co lle c tion  period (Ambegaokar et a l. 

1969 and Intengan and Major, 1971).
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Urine was collected  daily in conical flasks the 
volume measured and preserved under toluene (Risser, 

1946). Faecal samples were collected  daily and bulked
f

fo r  each rat at the end of the co lle ction  period. To 

ensure proper co lle ction  fe r r ic  oxide was used as a 

marker. The faeca l matter was brushed well to remove 
food particles and hair, weighed, dried and preserved 

in polythene bags (M itchell et, a l. 1936 ).

Weight of each rat was recorded on the eighth 
day o f the depletion period, and the reduction in weight 

calculated. The rats were divided into fiv e  groups of 

six  each so as to  have an equal average weight for 

each group.

b . Repletion period:

All the depleted rats were fed the stock diet 

for four days followed by the experimental diets fo r  

the next seven days. A record o f food intake was 

maintained. The protein and nitrogen intakes were 
calculated. The urine and faeces for the last four 

days were co llected  and preserved^

The urine and faeces were pooled for each meta­

b o lic  period and analysed fo r  the nitrogen content in 
tr ip lica tes  using the micro kjeldahl method (Hawk 

et al* 1965). The nitrogen excretion during the
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depletion period formed the endogenous and metabolic 
nitrogen whereas, that o f the reoletion  period 

represented the nitrogen retention due to the food 

protein.

The to ta l excretion o f endogenous, metabolic 

urinary and faecal nitrogen by each rat fo r  the four 
days were calculated which formed the basis o f calcu­

lation  of the B iological value, using the formula:

Nitrogen intake -  (Faecal No * Endogenous
Faecal Ng

-  (Urinary N« -  Endogenous urinary Nj)
BV = ------------------- ----------------------------------------------------------

Nitrogen intake -  (Faecal N2 -  Endogenous
faecal Nitrogen)

( NAS/NRC 1963)

3. Methods based on carcass nitrogen analysis :

The Net Protein U tilisation  and NDp ca lories were 

the indices based on carcass analysis.

Thirty six weanling male albino rats 23 days old 

were maintained on the stock diet fo r  a period o f  one 
week after which they were weighed and divided into six  

groups. The experimental diets were fed to  four groups, 

the non-protein diet to  the f i f th  group and the skim 

milk diet to  the sixth group fo r  ten days, (Sreenivas 

et al# 1966; Bailus and Chenoy, 1969).
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The groups o f carcasses were dried for 48 hours 

in an oven at 105°C to  obtain constant weight. After 
cooling to room temperature the carcasses were weighed,

The heating, cooling and weighing continued t i l l  constant 

weight was obtained. The moisture -content was calculated 

from the difference between the in it ia l  and fin a l weights.

The carcasses were then ground, hemogenised and 

the nitrogen content of carcass per gran was estimated 
in tr ip lica tes  using macro Kjeldahl method (Hawk et a l. 

1965).

NPU of each diet was calculated using the formula 
given by Chalupa and Fisher (1963):

BF -  BK + IK
NPU = -------------------------x 100

IF

where BF and IF denote caracass nitrogen and nitrogen 

intake of animals fed the test diets respectively , and 

BK and IK equal caracass nitrogen and nitrogen intake 
of animals fed the protein free and control diet >

respectively .

NDp ca lories per cent was calculated for each

diet using the following formula: (NRC, 1963).
Retained protein 
(Expressed in ca ls )

NDp calories per cent = ---------------- ----------------X 100
Total metabolizable 
energy in the food 
consumed

Total food intake (g) x 
(K ca l/g  food)



IV RESULTS AND DISCUSSION

The results o f this investigation on the evalua­

tion  o f the protein quality o f ragi-based diet mixtures 
on albino rats are presented and discussed under the 

indices o f:

A. Growth pattern
B. Hepatic weight, nitrogen and fat

C. Nitrogen balance

D. Carcass nitrogen analysis

A. Growth pattern:

Weight gain, food intake and protein intake and 

Protein E fficiency  Ratio (PER) constitute the data 

gathered under the growth indices and is  discussed 

below,1

1. Weight gain: .

Mean weight gains o f  rats fed the ragi-basal 

d ie t , the three ragi-based diet mixtures and the skim 

milk control d iet over an experimental period o f 28 
days is presented in Table IV* The weight gains of 
individual rats are given in Appendix V*
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The rats fed skim milk registered the highest 

gain in weight, 66.59 g. The Mean gain in weight of 

rats fed the ragi basal d iet (Diet I )  was the least 
(27.20 g ) . Gain in weight of rats on ragi-based diet 

mixtures I I , I I I  and IV were 55.24, 54.28 and 53.91 g 

respectively . The ragi basal d ie t , the diet pattern 
actually consumed by the lo ca l people seems to be the 

least e ffe c tiv e  in promoting growth. Similar values 

fo r  growth gain has been reported by Daniel et al.

(1967) for blends of rag i, Bengal gram, groundnut 

meal and skim milk. S ta tis tica l analysis indicated 

that the difference in weight gain of rats fed ragi 

basal d iet was s ign ifica n tly  lower than that of a ll 
the other diets at one per cent lev e l. The difference 

in weight o f rats fed skim milk was sign ifican tly  

higher at fiv e  per- cent level than that o f diet II  
and at one per cent level when compared with diets III  

and IV. There was however no sign ifican t difference 

between the weight gains of rats fed the three ragi 

based diet mixtures. '*

The growth pattern of the rats fed the fiv e  diets 

is  depicted in Figure I .  It is  evident from the growth 

curves that the increase in weight registered by rats 

fed skim milk was much higher than that of rats fed the
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ragi basal and the three ragi based diet mixtures.
A comparison o f  the to ta l weights o f the animals fed 

the fiv e  diets is  also evident from Figures 2, 3, 4 

and 5.

2. Food intake and protein intake:

The leve l of protein in the ragi basal diet 

(Diet i )  was eight per cent but that of the three ragi 

based diet mixtures and of skim milk d iet was maintained 

constant at ten per cent level and hence the changes 

in protein intake is  d irectly  related to the changes in 

food intake.

The mean to ta l food and protein intake o f rats 

fed the fiv e  d ifferen t diets are presented in Table V. 

The to ta l food intakes of individualjrats are given in 

Appendix VI.
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FIGURE 3
COMPARISON OF THE WEIGHT GAIN OF RATS FED RAGI BASAL ♦ 
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SKIM MILK



FIGURE 4
WEIGHT GAIN OF RATS FED RAGI BASAL + HORSE GRAM (8) 

SESAME (6.25) + GROUND NUT (7) VERSUS SKIM MILK



FIGURE 5
WHIGHT GAIN OF RATS FED RAGI BASAL ♦ HORSE GRAM (8 ) 

+ SESARC (7 .75) + GROUND NUT (7.25) AND SKIM MILK
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The animals fed Diet I I  record the highest 

food intake of 210.14 g. The rats fed Diet I I I , IV 

and V ranked second, th ird  and fourth in their food 

intake and rats fed the ragi basal d iet (Diet I )  had 
the least mean food intake o f 173.95 g.

In tune with the food intake, the highest protein 

intake was registered by rats fed Diet II namely 21.24g, 

followed by Diets I I I , IV and V having the protein 

intakes of 20.76, 20.65 and 20.40 g respectively . The 
least intake of protein was obtained fo r  rats fed the 
ragi basal d iet (13.70 g ).

The analysis o f the significance of difference 
in protein intake between the d ifferent diets indicated 

that the differences between the ragi basal d iet was 

sign ifican t at one per cent lev e l, when compared with 

the other d iets. However the difference between the 

other diets were not s ta t is t ic a lly  s ig n ifica n t.

Evidence in the literature have established a 
linear relationship between the food intake and the ‘ 

quality o f protein (Munro and A llison, 1964 and Bender, 

1975). The higher food and protein intakes o f rats 

fed ragi basal d iet, might be due to  the better 

quality o f protein in these d iets .
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3. Protein E fficiency Ratio (PER);
i

The mean gain in weight and protein intake o f rats 

fed d ifferen t diets and PER o f  the diets are presented in 
Table VI. The details regarding the same for a ll the 

animals are given in Appendix VII»
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The highest PER value of 3.26 was obtained fo r  the 
skim milk d ie t. The lowest PER value of 1.99 was obtained 

fo r  the ragi basal diet (Diet I ) .  The PER values of 
Diets I I , I II  and IV were 2.60, 2.61 and 2,61 respectively .

S ta tis t ica l analysis for  differences in PER among 
d ifferen t diets pointed out that the PER value of ragi 

basal d iet (Diet I )  was sign ifican tly  (P<L0.01) lower 

when compared with a ll other d iets . The PER value of 

skim milk diet (Diet V) was sig n ifica n tly  higher at one 
per cent level when compared with that o f the Diet II and 

at fiv e  per cent level as against the Diet I I I  and IV, 
wherecas there was no sign ifican t difference between the 

PER values of the three ragi based diet mixtures.

PER values are proportional to the respective 

protein intakes and weight gains. Joseph et al.(1972) 

and Daniel et a l. (1967) and Baniei e iea i have reported 

PER values of 2.25 and 2,63 fo r  ragi based blends.
Devadas et a l. (1973) has reported a PER value of 1.90 

for ragi basal and a range o f 2.20 to  2.66 fo r  ragi based 
d iet mixtures using low cost lo ca lly  available foods.
The values obtained in this investigation are in line with 

the observations in the literature and PER values as high 

as 2.6 has been obtained for ragi based d iet mixtures, 

Chandrasekhar et a l. (1975) have reported PER values of 

3.26 and 3.81 fo r  proteins like skim milk and corn-soya- 
milk and a PER value of 1.99 fo r  the weaning vegetable
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protein mixture Balahar. The results of this study ate in 

accordance to the earlier observations in the literatu re.

B. Hepatic weight, nitrogen and f a t : , .

1. Hepatic weight and nitrogen:

The mean hepatic weight, to ta l hepatic nitrogen 

and nitrogen per gram of the liver sample are recorded in 

Table VII. The deta ils are given in Appendix V III.
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Maximum liver weight of 4,44 g was recorded by 

rats fed skim milk d ie t, next ranked rats fed Diet I I I  
with 2.47 g, followed by rats fed Diet IV (2.39 g ),

Diet I I  (2.15 g) and ragi basal diet (1.30 g ).

The highest hepatic nitrogen was obtained by rats 

fed skim milk (100.95 mg). Rats fed Diet III  ranked 

second with a mean hepatic nitrogen content of 82.77 mg, 
followed by rats fed Diet IV, 72.97 mg and Diet I I ,

66.16 mg respectively . Rats fed the ragi basal diet 
had the least hepatic nitrogen content of 41.89 mg.

The highest nitrogen per gram o f liv er  was recorded by 

rats fed Diet mixture I I I  (33.46 mg). Rats fed Diet 
mixtures I I  and IV had almost sim ilar values o f nitrogen 
per gram o f liv e r  namely, 30.80 and 30.53 mg respectively . 

Rats fed the ragi basal d iet (Diet I )  registered a value 
o f 32.20 mg/g liver  sample whereas that o f rats in skim 

milk was only 22.74 mg/g liv er  sample. The lower value 
obtained fo r  skim milk may be due to  the fact that hepatic 
nitrogen/g liv er  sample is only a ra tio  between the to ta l 

nitrogen deposited and to ta l hepatic weight and both these 
indices are higher fcr skim milk d ie t .

S ta tis t ica l analysis fo r  differences in to ta l hepatic 

nitrogen among a ll the ragi based diets were not s ig n ifica n t. 

However, the differences between each of the ragi based 

diets and skim milk was s ign ifica n t at one per cent lev e l. ,
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Devadas et a l. (1970), and Chandrasekhar et al. 

(1975,' 1976) have reported that the liv er  weights were 

proportional to the body weights. The results of th is 

study also indicate the same trend in hepatic weight 

gains as against the body weight gains. Addis et <a l. 
(1940), Henry et a l. (1958, 1961) and Kewatra et a l.
(1970) have observed a linear relationship with hepatic 

nitrogen and protein quality. The higher the nitrogen 
retention, better is the protein quality of the food stu ff. 

I t  may be that ragi based diet mixture III  which had a 
better to ta l hepatic nitrogen retention as w ell, when 

compared with the other ragi d iets , has a protein o f 

good quality.

2. Hepatic fa t :

The mean hepatic fa t and gram of fa t per gram of 

liv e r  are given in Table VIII. The to ta l hepatic fat 
and the gram of fat per gram of liv er  fo r  the three groups 

in a ll the fiv e  diets are given in Appendix V III.
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The highest hepatic fa t was recorded by rats fed 

skim milk (0.46 g ). The least hepatic fat was recorded 

by rats fed the ragi basal diet (Diet I 0,07 g ). The 
to ta l hepatic fa t  of rats fed the three ragi based diet 
mixtures (Diets I I , III  and IV) were 0.11, 0.12 and 0.14 
respectively . The same trend was observed when grams of 

fat per gram of liv er  was considered.

S ta tis t ica l analysis for differences in hepatic 

fa t per gram liv er  indicated that there was no sign ifican t 
difference between the fa t deposition in liv er  o f rats 

fed d ifferent d iets .

The values obtained are in good agreement with those 

of the values reported by Devadas et a l. (1973) for ragi 
based d ie ts . Marfatia et a l. (1960) report that on feeding 

the protein o f poor quality the weight gain obtained is 
probably mainly due to fa t . Phs^alkar (I960), states that 

quality as well as the quantity of proteins play an impor­
tant role  in the prevention of dietary liv er  damage. The 

results obtained fo r  ragi basal d iet (Diet I )  is  in good 
agreement with the findings in the literature and i t  may 

be that the fatty  In filtra tion  o f the liv er  has occured. 
Inspite of the fact that the protein level is  only eight 

per cent, the deposition of fa t  has been equal to that o f 

other ragi based d ie ts .
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C. Nitrogen Balance:

1. Nitrogen retention ;

The mean to ta l intake, excretion, absorption and 

retention of nitrogen by the rats fed the fiv e  d ifferent 

diets are presented in Table IX. The details pertaining 

to  individual rats are given in Appendix IX,
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When the nitrogen retention percentages o f 

d ifferen t diets were compared, ragi based diet mixtures 

had a retention o f 80.2, 79.2 and 80.1 per cent respect­

ively  for  Diets I I , I I I  and IV and 75.6 per cent for 

ragi basal d ie t . Skim milk seems to  have a lower value 

ih retention and th is may be due to  the proportionate 
values obtained for excretion. The values reported are 

however sim ilar to those reported by Chandrasekhar et al*

(1975). The fact that inspite of its  higher retention 

e ffic ie n cy , the ragi based diets did not promote growth 

comparable to  that obtained with skim milk indicates 

that the protein quality may not be as good as skim milk.

2. B iolog ica l Value and D ig estib ility  C oe ffic ien t:

The B iologica l Value and D ig estib ility  C oefficient 

calculated from the nitrogen balance data are presented in 

Table X and details are given in Appendix X.

I
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The highest B iologica l Value o f  92,30 was 

obtained fo r  ragi based diet mixture II and that of 
skim milk d iet was the lowest 88.71. Diets III  and 
IV (91.70) and Diet I (89.00) ranked second and 

third respectively in their B iologica l Value. S ta tis­

t ic a l ly  the difference between ragi based diets when 

compared with the skim milk was s ign ifica n t at one 

per cent lev e l.

Diet II  had registered the highest D igestib ility  

C oefficient o f 86.80 followed by 86,20 fo r  Diet I I I ,

84.70 fo r  Diets IV and I and 66.75 for Skim milk. 

S ta t is t ica l appraisal indicated that the differences 
between the D igestib ility  C oefficient among ragi based 

diets (Diet I to  IV) were not sign ificant but when 

compared with the skim milk d iet a ll the four ragi 
based diets was s ign ifican tly  d ifferen t at one per cent 

le v e l.

Block and Mitchell (1946) brought forward the 

evidence that the B iologica l Value of a protein depended 
to  a large extent on its  essential aminojacid composition. 

Phansalkar (1960) reports that the BV o f cereal protein 

vcaried between 60 to  89 per cent and those of legumes 

between 45 and 74 per cent. Hardings et a l. (1966), 

Devadas et a l. (1975) have reported that a combination 

of legumes, whole grains, nuts and vegetables provided
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satisfactory  combination o f amino acids and hence better 

B iolog ica l Value. The results obtained for  BV in the 
present investigation for ragi based diets are in line 

with those o f  the values fo r  ragi based diet mixtures 

reported by Devadas et, a l. (1973).

Akerson and Shahuran (1965) claimed that the 

nutritive value was not s ig n ifica n tly  affected by the 

d ig e s t ib ility  and th is explains the lower BV and DC 

values obtained to skim milk. Beaton and McHenry (1964) 

and Bender (1965) state that the v a r ia b ility  in d igesti­

b i l i t y  o f proteins is  not a major determinant of the 
nutritive value of proteins and hence the absence of 

c o l la t io n  between the BV and DC and other indices for 

the various diets is  well answered.

D. Carcass nitrogen analysis:

1. Net Protein U tilisation  (NPUl:

The NPU values obtained through carcass nitrogen 

analysis are given in Table XI. The details are presented 

in Appendix XI.



NE
T 

PR
OT

EI
N 

UT
IL

IS
AT

IO
N 

AN
D 

NE
T 

DI
ET

 AR
T 

PR
OT

EI
N 

CA
LO

RI
ES

 O
P 

TH
E 

DI
FF

ER
EN

T 
DI

ET
S

« . 4) o

™ 5  B. o 8.

i 4* O „ Vt-ri
“•fl-SB
£ ^ 2

S. A 
B'jM
a I *

A <3 3  4» 1
•H *5 *rl C Q © U 0 ,
* « 3 t
&  4> O, O o .

S $ *
*e

8  S 8  £
to IS

0
0*co S 3 8

4  H «O trf •0* H  cS .
0

$ ** • e «*
£  3 * H«-t W toto 10

^  ffi co ® «*CO• •0* ew O  «? • 00 •to 1 K? • •H  ^ •HH to

M  M
M  H

AAI M
a

a > fc ►

t

►
\

03 0) CO CO 03 CO 03 co co CO>  > > > > fc» t> > t
H  H H  M s MH

MW S 3
+| A + 1 00M•

♦1 ♦j ♦ 1
£  3  • • £• S t  • • 9• 8 •

O  co
b* O 00 O 00 H 0 O »  °

66

I © «* O
4jt 42 *H «rl

• I 8 S - 8I 0 . 9  n

1
1

' 1

. 10

$ 3©  H $  “lfr. 0 68
+

4
.0 2 7.
28

8
*

i
4

.4
1 O X I

' t « ~1 h a  u
. S  § w

1 1 
' 1

' 1
• ■ t

♦|
to US

A  A
g ' s

to* s
N tO

A  A 4
♦|
8 9

85 O
' 1 

a

to CO O CO O
•N 0 to rl

1 ^  a  I O A
! as1 tt*-* '  e  f r  t*o
| © g w  
| £  C

V

> 1 
1
I*

♦|to «  tS s ' g 3s £
* ®

co
0> <n *

1 1 • • ^
to  0 (• H 0 CO 0 t» 0

5©
u
*
8 •3

S

**
 S

ig
in

 if
 le

an
t 

at
 o

ne
 p

er
 ce

nt
 l

ev
el

 - 
* 

Si
gn

ifi
ca

nt
 a

t 
fi

ie
 p

er
 c

en
t 

le
ve

l



«***»'»

The mean to ta l body nitrogen of rats varied from 

6*66 mg . to  7.94 g. When the NPU obtained for d ifferen t 
diets were compared, skim milk was found to  have the 

highest NPU of 81 followed by 74 for  Diets II and IV,

68 fo r  Diet III  and 64 for  Diet I .

S ta tis t ica l analysis indicated that the differences 

between Diet I (ragi basal) and Diet I I  and V; Diet III 

and Diet V were sign ificant at one per cent lev e l, where­

as that of Diet I and IV, and Diet II  and V were sign ificanti
at fiv e  per cent level and that between Diets I and I I I ,

II  and IV, III  and IV and IV and V were not sign ificant*

This observation is  in agreement with the previous 

observations which proved the protein quality of d ifferent 

diets to  be in the following order skim milk, ragi based 

d iet mixtures and'ragi basal d iet. Among the ragi based 

d iet mixtures, although there is  no sign ifican t difference 

in the different indices, Diet II  seems to  have a higher 

value fo r  most o f the indices.

In general, Carcass nitrogen is influenced by the 

dietary protein (Marshall and Hildebrand, 1963) and the 

PER values are highly correlated with NPU values (Kon 

and Kon, 1956; Bender, 1956, 1975). Wohl and Goodhart 
(1970) state that increments in nitrogenous tissue in 

the body can be related d irectly  to  qualitative amino- 

acid difference o f the test nitrogenous moiety o f the

67
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d iets . Present observation is  in accordance with this and 

brings out the differences in the quality of d ifferent 

diets studied. The NPU values reported by Devadas et a l. 

(1973), Chandrasekhar et a l. (1975) for diets based on 

ragi and for those o f protein mixture like CSM, Balahar 
and simple proteins like skim milk.

2. NDp Calories per cent(NDp ca l# ):

The NDp cal# calculated from the protein retained, 

and to ta l metabolisable ca lorie  intake is  an index of the 
quality o f protein in mixed d ie t. The NDp cal# thus 

calculated for  the fiv e  diets along with the s ta t is t ic a l 

analysis is  presented in Table XI. The deta ils  are given 

in Appendix XI.

Skim milk was found to  have the highest NDp cal# 

(lG.O) and ragi basal d iet (Diet I )  the least (7 .2 ) . The 

ragi based d iet mixtures, Diet I I , I I I  and IV had NDp 

ca l#  values of 8.70, 8.90 and 9.46 respectively . S ta t is t i­
ca lly , the differences between the NDp cal# values between 
Diets I and IV, I and V and II  and V were sign ifican t at 

one per cent level and that between II and IV at fiv e  per 
cent lev e l. The differences between a ll other comparisons 

were not sign ifican t. These results are in tune with the 

results obtained for other indices in that, skim milk had 

a higher value and that o f ragi basal was the least. The 

d ifference between the ragi based diet mixtures were not 

appreciable.
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Thus, judged from a ll parameters skim milk was 

fou n d  to  be superior in its  protein quality when compared 

with the ragi based d ie ts . I t  promoted higher weight 

gains, better nitrogen retention in the liv e r  and carcass, 
promoted nitrogen balance and registered higher PER, NPU 

and NDp calories per cent. Among the ragi d iets , ragi 

basal d ie t, the diet customarily consumed by the community 

was the least e ff ic ie n t  in a ll asoects, both in growth 
and nitrogen retention. Addition of low cost loca lly  

available foods to  th is ragi basal diet resulted in a 
marked improvement of the dietary protein quality although 

not equal to that o f skim milk. When all the parameters 

are taken into consideration, there were no appreciable 

d ifferences between the three ragi based diet mixtures. 
However Diet II seem to be s lig h tly  better among the three 

ragi based diet mixtures. Since, there does not seem to 

be much improvement in protein quality insplte of working 
out several permutations and combinations o f the vegetable 

protein mixtures, i t  may be worthwhile to  further enhance 
the value of these diets by inclusion o f small quantities 
of animal protein sources like skim milk. P oss ib ilit ie s  

o f  enhancing the quality further also could be approached 
through the usage of new o i l  seeds like Sunflower meal or 

through the usage of proteins like soy proteins. Research 

along these line would further strengthen the information 

on ragi based diets and also open up new arenas of 

feeding the malnourished population groups.
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V. SUMMARY AND CONCLUSION

The main objective o f the present investigation 
was to evaluate the protein quality o f  ragi based diet 
mixtures using albino ra ts . The ragi based diets consumed 

by the community in Coimbatore d is tr ic t  constituted the 
basal dietary pattern around which the other ragi based 

d iet mixtures were formulated by incorporating low cost 
lo ca lly  available foods. The ragi basal diet had a 

protein content o f 8.04 per cent. Several permutations 
and combinations by incorporating the low cost lo ca lly  

available foods like horsegram, sesame, groundnut raising 
the protein level to  10 per cent and calculation o f their 

amino acid pattern and chemical score resulted in the 

selection  o f three ragi-based diet mixtures. The three 

ragi based d iet mixtures consisted o f ragi basal plus 

horsegram, sesame and groundnut in the ratios of 11 : 5:5 

(Diet I I ) ;  8 :6 0 2 5 :7  (Diet I I I )  and 8:7.751 7.25 (Diet 

IV) respectively . A f i f t h  d iet (Diet V) with skim milk 
at 10 per cent protein level served as the con trol. The 
fiv e  diets thus formulated were evaluated on groups o f:

1. Weanling male albino rats over a period of 
28 days using the c r ite r ia  of weight gain, 
food and protein intake, PER, hepatic weight, 
hepatic nitrogen and hepatic fa t .
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2. Adult male rats for a period o f 14 days using 
the parameter of nitrogen balance to include 
nitrogen retention per cent, B iological Value 
and D ig estib ility  Coefficient# and

3. Weanling male rats over a period of ten days, 
using the indices of Net Protein U tilization  
and NDp ca lories per cent.

The results revealed that:

1. The mean body weight increases were 66.59,
55*24, 54*28, 53*91 and 27.20 g, respectively 
fo r  Diet V (skim milk), Diets I I , I II  and IV 
(ragi based diet mixtures) and Diet I (ragi 
basal d ie t) fed ra ts . The increase in weight 
was sign ifican t at one per cent leve l for  a ll 
diets except between the three ragi based diet 
mixtures•

2 . The to ta l food intake ranged from 173.95g
(ragi basal) to 210*74 g (Diet II)*  Subsequently 
the protein intake ranged from 13.70 g (Diet I )  
to 20.76 g (Diet I I ). The ragi basal diet group 
had a s ign ifican tly  lower protein intake, (P< 0*01) 
when compared with the other groups*

3. The highest PER was obtained for skim milk (3.26) 
and the lowest fo r  ragi basal (1 .9 9 ). The PER 
values obtained fo r  the three ragi based diet 
mixtures were 2.60, 2.61 and 2.61 for  Diets I I ,
III  and IV respectively . The PER values between 
the skim milk d iet and a ll other diets were 
s ta t is t ic a lly  sign ifican t (P ^ O .O l) . The PER 
values of the ragi based diet mixtures were 
s ig n ific ijt ly  higher (P <<. O.Ol) when compared with 
ragi basal d ie t. However, there were no sign i­
ficant difference between the PER values of 
three ragi based diet mixtures.
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4. S ign ificantly  higher hepatic weight, to ta l 
hepatic nitrogen and hepatic fa t were 
registered by animals fed skim milk d ie t .
The tota l hepatic nitrogen obtained fo r  ragi 
basal was s ign ifica n tly  lower than that o f 
the three ragi based diet mixtures at fiv e  
per cent level and that o f the skim milk d iet 
at one per cent lev e l. Except between Diets 
I I I  and IV, which was sign ifican t at f iv e  
per cent lev e l, there were no sign ificant 
difference between the hepatic nitrogen 
content o f the three ragi based d iets . There 
were no sign ifican t difference, in the hepatic 
fa t deposition for  a ll the d iets.

5. The per cent o f nitrogen retention, ranged 
from 40.4 to  80.2 per cent for the fiv e  
d ifferent d iets . The B iologica l values were 
89, 92, 92, 92, and 89 respectively for the 
f iv e  diets and the d ig e s t ib ility  C oefficient 
were 85, 87, 86, 85 and 67 respectively .
There were s ta t is t ica lly  significant difference 
at one per cent level when the four ragi diets 
were compared with skim milk d iet, fo r  both 
B iologica l Value and D igestib ility  C oefficien t. 
However these values were not s ign ifican t 
amongs the ragi based d ie ts .

6. The values obtained fo r  NPU were 64, 74, 68,
74 and 81 respectively fo r  the fiv e  d iets . 
S ta t is t ica lly  the NPU values between Diets I 
and II , I and IV and III  and V were s ig n if i ­
cant at one per cent level and those between 
Diets I and IV, II  and III  and II  and V were 
sign ifican t at fiv e  per cent lev e l.
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7. The NDp calories per cent values fo r  the
fiv e  diets were 7*2, 8.7, 8.9, 9 .5  and JJ3.0 
respectively . S ta t is t ica l analysis indicated 
that NDp calories per cent value between 
Diets I and IV, I and V and II and V were 
sign ifican t at one per cent leve l and that 
between II and IV was sign ifican t at fiv e  
per cent le v e l. The others were not s ig n i- 
f  icant.

The results o f th is investigation indicate that 
when ragi based diets are considered separately, the three 

ragi based diet mixtures had greater potential over that 
o f the customarily consumed ragi diets of the community, 
as evaluated through the parameters o f growth, nitrogen 

retention, Net Protein U tilisa tion  and NDp ca lories %»
Skim milk however was more e ffe c t iv e . Among the ragi 
based diet mixtures Diet I I  seemed to be sligh tly  better, 
as judged through a ll the parameters studied, although 

not on parr with the animal protein skim milk. The 

p o ss ib ility  o f enhancing further the protein quality 

of the ragi based diet mixture with vegetable proteins 
o f higher protein content and better amino acid make up 

( e .g . )  soyproteins or with animal proteins like skim 

milk is  speculated and warrants further investigation*

The results of th is study however are in line with those 

o f Devadas et a l . (1973) and indicates clearly  the need 

and points out the possible measures to upgrade the common 

ragi based dietaries o f the community*
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APPENDIX I I I  

CHSflCAI, SCORE OP DIETS

Mixture 
Number -

Ipsin®
- - % -

Tiyptophan
- - % - - - -

Methionine 
R atine %

Theronine
•• %

,, k 82iK* 94
{

300
t

68 1
■ '■ 1 i\

i B loo 87 300 :: ■ ; , 81 1 i ■ T ! ■ ii ,
" 1 . , 51 84 115 65l .
< 2 " 80 94 86. ' i ‘ 78 /  1• .» ’ • , . 1
> 5. 69 , 88 1 80 > - 74. \ ! 1 *

11
' •

4 ' 51 82 69I • 65 ;

5 85 305 87■ , * 81 ;
6 75 91 78 72 ‘

7 75 78 79 * 74 ■ - : V -1 ■I ■
8 75 394 78,, 69 .i  ' ; ■ 1

\  9 81 89 . 85 8o

10 75 394 76
, »

. 88 ; "1
- 1*3' . r >U'11 79 89 80 77 ,



!

APPENDIX IV

COMPOSITION OP VITAMIN AND MINERAL MIXTURE

Vitamin A 1000 I.U.
Vitamin D 100 I.U.
Vitamin K 0.5 mg.
Thiamine t 0.5 mg.
Riboflavin 1*0 mg.
fyridoxine 0.4 mg.
Pantothenic acid 4.0 mg.
Niacin 4.0 mg.
Choline - 800.0 mg.
Inosital 25.0 mg.
Para Aaino ben sole acid 10.0 mg.
Vitamin 2.0 mg.
Biotin 0.02 mg.
Folio Acid 0.20 mf.
Starch 754.3B mg.

COMPOSITION OP MINERAL MIXTURE ( g/kg)

Sodium Choloricfe 130.5 g
Potassium di hydrogen orthophosphate 589.0 g
Calcium Carbonate 381.4 g
Magnesium Sulphate 57.3 g
Bbrrous Sulphate 27.0 g

1
Manganse Sulphate 4.01 g
Potassium Iodlda * 0.79 g
Zinc Sulphate 0.548 g
Copper Sulphate 0.477 g
Cobalt Chloride 0.023 g
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