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INTRODUCTION

Proteins subserve many physiological functions,
long known examples being the'reapiratory pigments, blood
and muscle haemoglobin, serum albumin and. globulin which
regulate the osmotic pressure of blood and the body fluids
and fibrinogen and prothrombin responsible for blood clotting.
A fraction of blood protein which i¥ known to have vitally
_important functions to perform is the globulin which is
known to be the precursor of the immune bodies of the blood.
Enzymes in digestion and metabolism, hormones in metabolic
processes, melanin in pigment formation and to conjugate
proteine in detoxicating machanism, the proteins perform
varied and various physiological functions. In addition to
these specific functions, proteins perform also the general
function of providing energy. This multiplicity of functions
is reflected in a corresponding diversity of chemical compo-
sition and protein putrition is dependent upon the supply

of the assortment of amino acids required for the synthesis

of the wide variety of bodily constituents.

Proteins are in the firet place components of all
animal tissues, including cell substances and inter cellular

fluids, as well as of supporting and protective structures,

such as cartilage, skin, hair and nails. All enzymes that

have been so far isolated in highly purified and well chara-~

cterised form and several hormones have been shown to be

proteinous in mature, Various antibodies exhibit the properties



of proteins. Crystalline proteins have been isolated from
plants infected with certain virus diseases. The genetic
factors in the cell, the genes, are related to the protein
portion of the nucleoprotein of the cell. All these present

new protein problems in the field of nutrition.

DYNAMIC EQUILIBRIUM OF BODY PROTEINS

The unique functions in the animal body performed by

the amino acids arising from protein digestion are all ana-
bolic in mature. According to Whipple (1940) and Schoenheimer
(1942) the animal must be regarded primarily as a system of
closely and dynamically interrelated proteins. It is, therefore,
not surprising that evaluation of a dietary protein with respect
to the formation of-any particular group of body proteins is

e found valid for another group of body proteins (Chow et al.,
1948, 1950 and Alljision, 39&9). Wwhile each method of assay
is capable of furnishing valid data on the ability of a protein
to support a specific physiological function such as gain in
body weight, regeneration of liver protein or overall retention

of nitrogen, no single procedure gives a complete picture of

the utilisation of a given protein, The data obtained from

a collaborative study sponsored by the Rutgers University

have shown that the biological value of a protein depends
not only on the physiological state of the animal but also

on the particular nutritional task chosen as the criteria.

Tt is obvieus that the nutritive value of food proteins should

L//)bo necessarily assessed in terms of specific phrﬂiolosical

{

; functions,
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ASSAY METHODS BASED ON SPECIFIC PHYSIOLOGICAL FUNCTIONS

(1) Liver protein Regeneration

This method of evaluation of the nutritive value of
a dietary protein was first developed by Campbell and
Kosterlitz (1948) and is based on the rate of replenishment
of labile liver protein in protein fasted adult rats. Adult
rats when fed with a protein-free diet lose considerable
part of labile liver cytoplasm in two daygﬂand the rate of
regeneration of liver protein varies with the quality of the
test protein fed to the animals. This method was slightly
modified by Henry et al. (1961) who used young rats, adopting
a depletion period of 5 days and a repletion period of 10 days.
The increase in liver protein per 100 g. initial body weight
was taken as the index 6} the nutritive value. The main
criticism levelled against this method is that the liver
may not reflect the state of other iabile proteins, Further,

the method demands several determinations on the excised

iiver of highly standardised animals.

(2) Rat repletion method

During the course of investigation on the relationship

of protein metabolism to antibody production and resistance

to infection, Cannon, Humphreys, Wissler and Frazier (194k4)

devised a fairly rapid method of protein assay. The method

involves the production of a biological deficit and the

replacement value of a test protein. The

tein quality

measurement of the

method has the advantage that variation in pro



can be determined in one or two weeks., According to Cannon
(1945) the method has shown excellent agreement with the
rat growth assay. Wissler et al. (1947) have used this
method for the assay of the nutritive values of proteins and
protein hydrolysates. They point out that protein depletion
stimulates the fabrication of body tissue and bleood protein
and therefore, in a relatively short period much larger increase
in protein than that found in normal growth can be measured.
It Eggﬂgggg_féggd further, that weight recovery alone is
sufficient as a measure of the protein value as this bears
a close relationship with regeneration of plasma protein,
haemolysin, haemoglobin. liver protein and total carcass
proteins In determining the nutritive values of five dietary
proteins, viz,, whole egg, egg white, lactalbumin, casein and
wheat gluten as well as hydrolysates of the two proteins,
casein and lactalbumin, Chow et al. (1948), however, failed
to observe any co-relation between the commonly used methods
of measuTements, such as growth and nitrogen balance and those

based on liver protein and plasma protein regeneration.

(3) Regeneration of plasma protein d haemoglobin

Whipple and his co-workers (1940) used doubly depleted
d°¢'-nrndﬁced by bleeding during periods of feeding protein-
free diet or low-protein diet containing adequate iron.
Plaema Protein was roducod:h to 5 g.% and haemoglobin to

6 to 8 g:%. The capacity of a dietary protein to regenerate



blood proteins was expressed as the ratio between blood
proteins regenerated and protein intake. Employing this
technique several investigators have clearly established
quantitative (Stargiss and Farrar, 1935 and Horn and Whipple,
1939 ) and qualitative differences (Orten and Orten, 1946;
Allison et al., 1949; Halman et al., 193%4; Pommeranke,
Slavin, Karicher and Whipple, 1935; McNaught, 19363 Melnick
and Cowglll, 1937; Madden et al,, 1937 and Cox and Muller,
1944) in the ability of proteins to promote the synthesis
of plasma proteins and haemoglobin, The results of their
studies have shown further that proteins differ also in
their relative effect on the formation of haemoglobin and

the plasma protein components.

Damodaran and co-workers (Yesoda, 1942, 1945;
Damodaran and vijayaraghavéh, 19433 Yesoda and Damodaran,
1947 and Chandran and Damodaran, 1951) found a convenient
method of inducing anaemia in rats by the use of phenylhy-
drazine in their studies on the role of proteins and amino
acids in blood formation, These authors have shown that
dietary protein, their quality and quantity, profoundly
influence haematopoesis. The methods of approach of Whipple
and Damodaran and their respective eo-work#ra are similar,
namely in producing the defieciency of the specific protein
involved in the study, although they differ in the technique
employed in producing the deficiency; haemorrhage in the
The food

former Case and chemical destruction in the latter,

materials used for comparison were not chemically so well
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defined in the experiments qf the former group as in those

of the latter. The aim of Whipple's experiments was mainly
to elucidate the physiological relationship between haemo-
globin, plasma protein and cell protein rather than biological
evaluation of dietary proteins in terms of haemoglobin

regeneration,

(4) Regeneration of liver enzymes

Waino et al. (1953) have reported that the activities
of certain anz}me systems in the liver are reduced rapidly,
as a result of protein depletion, Williams and Elvehjem (1950)
observed that the liver xanthine oxidase activity in rats is
sensitive to subtle changes in quality and quantity of dietary
protein. A method based on the rate of regeneration of liver
xanthine oxidase activity in protein depleted animals for
evaluating the quality of a dietary protein waé developed by
Litwack et al. (1953). Dju gi E;f (1957) described az the use ;
of the liver xanthine oxidase activity tests for determining
the biological value of milk proteins. Relationship between
the hutritive value of dietary protein and liver xanthine
oxidase activity in young rats as related to growth rate and
protein efficiency rates was investigated ﬁy‘uaramatsu et al.
(1953)- Pigmore et al. (1955) studied the response of the
iiver enzymes and other proteins to amino acid deficient diets.
They found that histidine deficient diet restores xanthine
oxidase activity to livers of rats previously depleted of such

activity by a non_protein diet. Liver succiniec dehydrogenase



is similarly restored by histidine-free and methionine-free
rations, but only partially so by lysine free rations., Liver
choliné oxidase activity of protein depleted rats is restored
partially and to about the same extent by the three amino

acid deficieﬁt diets studied. Liver nitrogen concentration
followed the same pattern as succinic dehydrogenase in these
studies. Williams (1963) reported that even in severe protein
depletion, methionine has a protective ;ffeét on liver coenzymes.
Mariani et al. (1963) studied the effect of protein depletion
on amino acid activating enzymes of rat liver and reported .
that the activities of the enzymes are considerably increased
in the depleted rats and are not affected by variation in
energy intake. Sugahara et al. (1963) found a relation between
xanthine oxidase in 1i;or and growth of rats when fifteen

food proteins were compared, Tholelosent relation between
xanthine oxidase and protein quality was obtained with diet
containing 154 or 209 protein, Xanthine oxidase in rat

liver was almost parallel to the protein score of the diet

and is believed to refleect the nutritive value of food proteins,

PROTEIN COMBINATIONS

The primary purpose of a dietary protein is to

provide an appropriate pattern of amino acids required for

the synthesis of tissue protein, Tn actual practice, no



single food stuff is consumed exclusively as the sole
article of diet. Rations and diets are devised in practical
nutrition uain; many foods. In this process of combining
foods into diets, proteins may lose their individuality
with reference to their metabolic utilisation., The amino
acids of other foods may supplement the amino acids of a

given food and vice versa, so that the metabolic utilisation

of the combined proteins exceeds the ﬁ%n utilisation of the

individual proteins (Swaminathan, 1967; Bressani and Elias,
1968; Guggenheim and Szmelcman, 1967; Hanafy et al., 1970

and Makdani et al,, 1971). In fact, it is possible to combine
animal and cereal proteins to give a mixture with a biological
value exceeding that of either one of the component foods.

By combining foods into diets, if this is done with diseri-
mination, the individuality of the component food proteins

as regards metabolic utilisation may be lost. In a semnse,

it is more important especially in animal feeding, to avoid
foods containing poorly digestible proteins than to avoid

ones with proteins possessing low biological values. Wheat
germ protein is lower in biological value than corn germ
Pfotein. but higher in digestibility. In diets, wheat germ
protein may thus prove to be a more desirable protein, The
heating of cereal protein in the preparation of foods may be
a matter of no consequence in practical nutrition, if only

the biological value is impaired, because when consumed with



usual proportion of milk proteins this impairment is
entirely corrected. But if the digestibility is impaired
as in the flaking and toasting of corn there is no known

method of food combination that will remedy the situation.

AMINO ACID SUPPLEMENTATION OF PROTEINS

An important development in the field of nutrition
has been the practice of supplementing the poor quality
proteins ﬁith one or more of the limiting amino acids in
the proteins concerned in order to bring about profound
improvement in the biological value. Based on the studies
carried out on rats, pigs and on the chicks to a lesser
extent;i?g‘the comparative biological values of feeds and
feed combinations, if has been established that feeds of
nnimél origin are superior to feeds of plant origin and that
this superiority is primarily due to the amino acid make up
of their constituent proteins. Among the animal foods, milk
and egg Possess the highest nutritive values. Certain animal
tissues such as connective tissue and epidermal tissues are
of poor quality. Animal foods are generally deficient in
sulphur containing amino acids and in isoleucine while most
of the cereal proteins are deficient in lysine., Leguminous

seeds are deficient in cystine and methionine, Osborne and |

Mendel (1914) reported that lysine is the limiting amino acid

in wheat proteins and that addition of lysine results in
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marked improvement in the quality of the proteins for
promoting growth. It has been reported that the addition
of essential amino acids like lysine and threonine greatly
improves the nutritive value of rice proteins (Pecora and
Hundley, 1951; Harper et al., 1955; Deshpande et al., 1955;
Sure, 1955; Rosenbery and Culik, 1957; Rosenberg et al.,
1959 and Desai et al., 1970), The combination produced a
growth respénsa in rats three times that obtained with o

unsupplemented low protein diet (Pecora and Hundley, 1951).

It was found that when rice wae supplemented with all the

qgfiEifEE%:EEEEEEEE,EELQQ_QQQQQ simultaneously,; the growth
response is more than that obtained'by supplements of lysine
and threonine, The rasulta indicated that lysine and threonine,
are the most deficient amino acids in rice and that they are
limiting for rat growth, The accepted view in regard to the
beneficial use of threonine is that it overcomes the imbalance
of amino acids brought about by the addition of excess of

lysine.

Amino acid supplementation is practised by adding
the most limiting amino acidd in amounts needed to bring
the total into balance with the amount available of the second
limiting amino acidg; if it is desired to supplement also with
the second limiting amino acidd it is broughf into balance

with the third 1imiting amine acid (waddle, 1958). This

approach has been found to be nutritionally sound and

economically imperative.
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The effect of amino acid supplementation on growth
and deposition of fat in the liver of rats was atudigd by
Harper et al. (1955). They found that fat accumulated to
the extent of 8 to 10% in the liversof rats fed rice diets.
The fat content of liver was normal when 0,4% of L-lysine
hydrochloride was included with either 0.24% or 0.5% of
pL-threonine, Growth was improved only when both lysine
and threonine were included in the rice diets and further
improvement was obtained only when a mixture of all the
amino acids was added, Deshpande and Harper (1955) found
that a rice diet supplemented with 6% of various animal »
proteins supported an excellent growth rate and maintained
normal liver fat level in rats. In short term experiments,
retardation in growth caused by including 0.4% lysine hydro-
chloride in the rice diets was prevented by increasing the
levels of leucine, isoleucine, valine and histidine.
Rosenberg (1957) stated that the nutritive value of protein
of white polished rice can be improved by supplementation
with the first iimiting amino acid, lysine in amounts '
sufficient to bring the amino acid into balance with the
second limiting amino acid. Rose (1937) has reported that
only small amounts of supplementary lysine are necessary
to balance this amino acid against the second limiting
amino aeid, Numerous rat feeding studies demonstrate that
iysine is the most limiting amino acid in a wide variety

of other cereal grains and the protein quality of such cereals



can be improved by lysine fortification (Hoswe et al.,
1965; Bressani and Elias, 1967; Leela et al., 1965 and

Narayanaswamy, 1970).

FOOD PROTEINS AND THEIR NUTRITIVE VALUES

Since all plantg and animal tissues contain protein,
it is evident that all such foods will provide protein in
a measure &ependant upon the level of the protein in the
food itself and upon the quantity of the food ingested.
Plant kingdom has the capacity to build up protein from
the constituents of the air and soil, using radiant energy
of the sSun in the process. On the other hand, the animal
body cannot synthesise ;rotein from any such simple nutrients
but still it continually uses protein in metabolism.
Consequently, man as well as all other animals are practically
dependent upon plant for food protein supplies. Animal
products, to whatever degree they are used as sources of
food protein do so, in the ultimate analysis, as a result
of conversgion of plant protein into such proteins as are
presented in milk, g€ and meat. Plants, therefore, are

the primary sources of all food proteins and of all animal

feed proteins,

Nutritionists often recommend that from V3 to 72

of the total dietary protein should be derived from high

quality animal proteins. The superiority of animal proteins
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over vegetable proteins is mainly attributed to the
presence in them in large amounts of such essential amino
acide as methionine, tryptophane and lysine., It is a moot
point whether a certain proportion of animal protein in the
diet is indispensable for adequate nutrition, since the
portk protein in plant tissues is always comprised of

several different proteins,

1. ANIMAL PROTEINS

Meat proteins:

The amount of protéins in mammalian muscle tissue
irrespective of species, ranges between 12,1 per cent and
21.9 per cent on $he fresh weight basis and 73.7 per cent
and 88.1 per cent on dry weight basis (Beach, Munks and
Robinson, 1943), Beef organs, however, show a wide
variation in their protein content: 10.6 per cent in brain
and 23.7'per cent in liver on the fresh weight basis and
48 .4 per cent in brain and 76.%4 per cent in kidney on dry
weight basie (Beach et al., 1943). The protein content
of chick;n meat is found to vary from 20.1 per cent to 30.6
per cent on fresh weight basis, Eight to fourteen per cent

of the total nitrogen in meat is reported to be mon protein

in nature (Beach et al., 1943),



i

Amino acid composition

The proteins in representative cuts of edible meat
such as beef, veal, lamb and pork contain liberal amounts
of the essential amino acids in similar proportions (Beach
et al., 1943 and Kraybill, 1948), 'The proteins in beef a
organs like brain, liver and kidney are similar in composi-
tion, but differ from muscle protein in being poorer in
lysine and richer in cystine, tryptophane and phenylalanine
(Beach et al., 1943). Meat proteins resemble fish proteins
in amino aecid compogition and hence these can replace each
other without affecting the overall nutritive value of the
protein (Beach et al.; 1943). When compared with egg
proteins, meat proteins aire higher in histidine and lysine
but lower in leucine, isoleucine, valine andrmethionine
(Kraybill, 1948), Meat proteins contain larger amounts of
arginine, histidine, lysine and methionine and lesser
amounts of leucine, isoleucine and valine than milk proteins
(Rraybill, 1948). As a class, meat proteins are rich sources

of lysine and methionine.

Nutritive values

Meat proteins are almost completely digestible
(Mitchell and Block, 1946). The growth promoting values
of the proteins in chicken and beef compare favourably with

those O0f fish proteins (Millers and Fellers, 1948 ), Beef



proteins are found to be inferior in nutritive value to
egg albumin or whole egg proteins but are superior to
Casein, wheat gluten or groundnut proteins as judged by
growth and maintenance in rats (Ruegamer, Poling and

Lockhart, 1950 and Mitchell and Beadles, 1950).

Although the biolegical value of meat proteins is
not as high as that of egg proteins, meat proteins are par-
ticularly well suited to supplement the proteins derived
from cereals and other vegetable proteins., The supple-
mentary value of meat proteins to pea proteins, egg proteins
and cereal proteins has been demonstrated by Lehrer, Woods
and Beeson (1947) and Hoagland, Ellis, Haukins and Snider
(1947). The value of whole blood protein as a dietary
protein source lies in its high lysine content. Haemoglobin
is deficient in isoleucine., Fibrin has got a fairly well
balanced amino acid composition. It is particularly rich
in tryptophane. It has been found that the net protein
utilisation of commercial blood fibrin fed at 10 per cent

level in the diet of young growing rats is as high as 77

per cent (Forbes and Yohe, 1955).

The two proteins of connective tissues viz.,
Collagen and elastin are deficient in essential amino acids,

excepting arginine and lysine in collagen and phenylalanine,

jeucine, isoleucine and valine in sa elastin. Gelatin is

a rich source of lysine and arginine, but déficient in most
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essential amino acids particularly histidine, sulphur
containing amino acids and tryptophane. Gelatin possesses

a fairly high digestibility but has a low biological value
of 25 to 30 per cent. Gelatin does not promote any growth
in rats. Being rich in lysine, gelatin is capable of corre-

cting the deficiency of this amino acid in cereal proteins.

Keratin, as a class, are rich.sources of cystine
and therefore, it has been suggested that they may be used
as supplements to vegetable proteins like yeast proteins
which are poor in this amino acid. They are also rich in
arginine and threonine. They are low in histidine, lysine,

methionine and tryptophane.

2, Milk proteins:

The protein content of cow's milk is 3.0 to 3.4
per cent while the same of buffalo's milk, ewe's milk and
goat's milk are 3.4 to 4.2 per cent, 4.7 to 5.6 per cent
and 3,7 to 3.8 per cent respectively. About 5 per cent
of the total nitrogen of cow's milk and 20 to 40 per cent
of the total nitrogen of human milk are accounted for by

the non protein constituents, chiefly urea.

Amino acid composition

'The whole milk proteins contain almost all the

essential amino acids, in adequate amounts and in balanced
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proportions (Williamson, 19i44; Block and Bolling, 194k

and Hodson et al., 1946). They are particularly rich in .
the two amino acids, lysine and valine in which cereal CAVJLijLJHg
| — e L S S m

proteins are generally lowe Casein is deficient in eystine.
Lactalbumin is rich in this amino acid and to some extent

compensates for its deficiency in casein.

JB-lactoglobulin, whey proteins and buttermilk
proteins are all well balanced with respect to all the
essential amino acids.le -lactoglobulin is particularly rich
in lysine (stokqa et al,, 1945; Block and Mitchell, 1946
and Block and Bolling, 1951), The proteins of the milk of
buffaloe, ewe, goat and sow resemble those of cow's milk
in amino acid composition, “Human milk proteins have a

higher cystine content than cow's milk protein,

Nutritive values

Cow's milk proteins poa;ess #'high &1gestib111ty.
biological value, and growth promoting value (éundararajnn.
1950 and Balasubramaniam, Lily, Mani and Basu, 19%5). But
they are inferior in these re;pecta to whole egg proteins
(Mitchell and Carman, 1926} Summer and Murlin, 1938 and

Sumner, 1938), In infant nutrition, cows milk proteins

are almost equal to human milk proteins. (Gordhan, Levine,

wheatly and Marples, 1937 and Muller and Cox, 1947). While

the biological value and digestibility of buffalo's milk
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and of goat's milkﬁgre nearly of the same order as those

N
of proteins of cow's milk, the growth promoting value of
goat's milk proteins is comparatively lower (Mitra and
Mitra, 1942). For promoting growth in rats, casein is

of the same order as beef protein and whole egg proteins,

—— e ——

but is inferior to egg albumin,

Milk proteins have been found to supplement ragi
proteins and fice proteins, both by thémaelvea and in
combination with legume proteins (Swaminathan, 1937 a,b)s
As supplement to rice protein, milk proteins are superior
to pulse proteins (Mitra and Varma, 1947). Milk proteins
alsc supplement proteins of legumes (Basu and Haldar, 1939),
of potato (Henry and Kon.’i9h61)of corn-and of wheat (sure,
1948). VWhey proteins supplement cereal proteins in general
and wheat proteins in particular (Bell et al., 1954 and R
Bleeker and Wostmann, 1954%), 'Supplementary relationships
have alsnlbeen demonstrated between butter milk proteins
(Ssure, 1948) and corm or wheat proteins and between cheese

proteins and wheat proteins (Henry and Kom, 1946).

Egg proteins:
The protoin content of whole egg on an average is
12 per centm?rosh weight basis and 35 per cent on dry weight
A
The egg white contains five proteins; ovalbumin

basis.

(75 per cent), ovomucoid (13 per cent), ovomucin (7 per cent),
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ovoconalbumin (3 per cent) and ovoglobulin (2 per cent)
(Romonoff and Romanoff, 1949). The egg yolk proteins,
ovovitellin and ovolivetin are present in UL:1 ratio

(Romanoff and Romanoff, 1949).

Amino acid composition

The amino acid coniposition of whole &gg, egg white,
egg yolk and of some of the constituent proteins have been
worked out by several investigators (Chibnall et al., 1943;
Block and Bolling, 194l; Stokes et al., 1945; Dunn, 1947; |
Hess et al., 1948 and Patwardhan and Vijayaraghavan, 1954).
The whole egg proteins are well balanced with respect to
all the esgsential amino acids and are particularly rich
in arginine and sulphur containing amino acids (Block and
Bolling, 1944), Egg white proteins are richer than egg
yolk proteins and whole egg proteins in sulphur containing
amino acids, tryptophane, phenylalanine and threonine but
not 1# the basic amino aéids (Hess, Kramke, Fritz and
Howard, 1948), Whole egg white protein and its principal
constituent ovalbumin, are reported to be'riéh in methionine,
while the major yolk protein, ovovitellin, is reported to

be rich in arginine, lysine and leucine (Romanoff and

Romﬁnofr, 1949).
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Nutritive values

Metabolism experiments with rats and human beings
have conclusively shown that whole egg protein and egg
albumin possess high digestibility (Hawley, Murlin, Nasset
and Zymanski, 1948 and Mitchell and Beadles, 1950)., Heat
treatment is reported to bring about an improvement in the
in vitre digestibility of egg white proteing (Harte, 1945).
Their digestibility in vivo even in the raw state is of a
high order (Narasinga Rao and Patwardhan, 1954). Whole egg
proteins possess a higher biological value than the proteins
of milk (Mitchell and Carman, 1926; Sumnmner, 1938; Hoagland
and snider, 1946 and Mitchell and Beadles, 1950), meat
(H&dhell and Carman, 1926 and Hoagland and Snider, 1946),
Soyabean (Barnes et al., 1945), groundnut (Ruegmer,

Poling and Lock hart, 1950) and wheat (Mitchell and Carman,
192%; Barnes et al., 1945 and Mitchell and Beadles, 1950).
Similarly qgg_Ekiﬁgﬁpzﬁﬁggng,poasesu a higher nutritive
value thén whole ege proteins or yolk proteins (Hess et al..
1948). The superiority of whole egg prutéin- over a number
of other dietary proteins including milk proteins in human
nutrition has g%ﬁo-bean demonstrated but the superiority

of egg proteins over milk protein is reported to be less
pronounced in the nutrition of adult human subjects than

in young or mature rats (Sumner and Murlin, 1938), Wwhile

with the growing or adult rats, egg albumin is distinctively



superior to whole egg proteins, human metabolism studies
have revealed a slight superiority of whole egg proteins
over egg albumin, These reverse effects have been attri-
buted to the higher content in egg albumin of the sulphur

containing amino acids in greater proportions for hair

gro‘ftho

_The gross supplementary value of whole egg, egg
yolk and egg yolk extracts to the poor rice diet has been
dGNQ?Strﬂted but not that of egg white (Aykroyd and Krishnan,
1937). VWhole eggs have been reported to possess a phenomenal
supplementary value to the typical raral diet of Bengal
(MacDonald and Boss, 1942, 1945), ‘Soyabean, groundnut andi
various legumes have been"fbund to zive better results when

9 e

fed in sak combination with eggz than when fed along . .”. . _
L

(Machonald and Bose, 1945),

Fish proteins

Fish constitutes one of the cheapest and most abundant
source’ of protein for the human race. The protein content
of fresh water fish is reported to vary from 13.7 per cent
to 25,2 per cent (Saha and Guha, 1940; Saha and Ghosh, 1941
and Reay et al., 1943),of marine fish from 9.1 per cent to
Cutting and Sherwan, 1943), of ‘'Koral!

26,1 per cent (Reay,

meal a8 high as 93 per cent (Basu and Gupta, 1939) and of
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edible white fish flour as high as 89 per cent (F,A.0.
World Fish Abstract, 1952). From 7.5 per cent to 17.1 per
cent of total nitrogen of most varieties of fish is contri-

buted by non protoin\fonatituentg (Joshi, Master and Magar,
/

1953).

Amino acid composition

In general, fish protein contains all the essential
amino aclids in adequate amounts and in balanced proportions
(Block and Bolling, 1951) and in this respect resembles other
proteins of animal origin (Master and Magar, 19549 and Dunn,
Camien, Eiduson and Malin, 1946). As a class, fish proteins
are valuable sources of ly;ine and methionine (Beach et al.,
19433 Block and Bolling, 1951 and Master and Magar, 1954).
The histidine content of fish protein is highly wvariable,
being higher than 5 per cent (Nielands, Sirny, Sohijell,
Strong and Elvehjem, 1949) in some varieties and lower than

1 per cent in certain others (Kelley and Baum, 1953).

Nutritive values

Fish proteins are reported to possess high digesti-

bility, biological value and growth promoting vaiue (Basu

and D8, 1938 and Basu and Gupta, 1939), Biological values

of the Proteins in different specles of Indian fish are

aniformly high (Basu and Gupta, 1939 and Joshi, Master and
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Magar, 1953). Fish can replace chicken,. pork, beef, lamb
or veal as source of animal protein in human diet (Beach,

Munks and Robinson, 1943).

Fish proteins are in the same class as chicken
proteins (Lepoz-Matas and Fellers, 1948 and Millers and
Fellers, 1948), They are inferior to whole egg protein
(sure and Egsterling, 1952) but slightly superior to beef
proteins (Beveridge, 1947), TFish proteins are about equal
to casein (Deuel, Hrubetz, Johnston, Winzler, Geiger and
Schnakengerg, 1946) in promoting plasma protein regemeration
in depleted rats and are slightly superior to casein and
skim milk proteins (Mahnlﬁnobia and Roy, 1952) in promecting

haemoglobin regeneration.

VEGETABLE PROTEINS

FProm a nutritional point of view, vegetable proteins,
as a class, are generally inferior to animal proteins in
many respects. Although the difference in biélogical value
for maintenance between vegetable and animal proteins is
not great, the growth promoting values (P.E.R.) of vegetable
proteins, in most cases, are less than half of those of

animal proteins such as thosé present in egg, milk, meat

or fish., Absence of essential amino acids, especially of

methionine, trypdtophane, and lysine makes the vegetable
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proteins generally inferior to most animal proteins.

But evidences are there to show that two or more proteins
of vegetable origin can be blended and that they can
mutually make up the deficiency and provide a protein of
superior nutritive value (Kuppuswami et al,, 1958). The
experiments of Mendel and Fine (1912) conducted on dogs

and human beings show that the proteins of wheat, barley
and corn are as digestible per se, as those of meat ie.,

93 to 96 per cent. Proteins of soyabean, navy béan, and
garden pea are resistant to proteolysis, giving digestion
coefficients of 80 to 85 per cent, The protein; of cotten
seed are even more refractive to digestion, yi?lding coeffi-
cients of only 67 to 75 per cent. The resistance of legume
proteins to digestion in animal may be explained, wholly

or in part, bx their association with antienzymes. Aqueous

extracts of soyabeans ' &*ha;;h;;;;;'contain heat labile
trypsin inhibiting substances which seem to be responsible

for the low digestibility of the protein of raw soyabeans

(Ham et al., 1945).

Cerogl proteins:

Rice is the staple cereal consumed by more than

half the world's population and is the chief source of

calories in Asiatic diets (Williams, 1952; West, 1969 and

Hisateru Mitsuda and Kyoden Yasumota, 1974), In the case

of coarse EX 8rains, as also in the case of those grains
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from which the seed coat cannot be easily removed, the
digestibility of protein is of low order (Subramaniam,

Narayana Rao, Rama Rao and Swaminathan, 1955).

Protein content

Both the protein content and protein.quality in
different cereals are influenced by a number of factors,
such as those determined by genetics (Woodworth, Leug, and
Jugenheimer, 1952), environment (Mitchell, Hamilton and
Beadles, 1952; Hutchinson and Martin, 1955; and Frey, 1952)
and variety (Sadasivan, Sreenivasan, 1938: Sreenivasan, 1942
and Flynn et al.,, 1954), A hybrid tetraploid sample of rice
has been reported to contain as s much as f3.3 per cent
protein (Sampath and Seshu, 1957). By crop selection, a
millet hha been produced in China which contains over 14
per cent protein instead of the usual 9 per cent. Adolf
(19hh)Iand Sampath and Seshu (1957) have shown that rice
varieties having long sterile lemna (pglumed) have higher
protein contents (9.4 to 11.3 per cent) as compared with
rice with ihort sterile lemna (6.5 to 8.7 per cent).
Mecgrrison (1928) observed that rice grown by dry crop
method is superior in nutritive value to rice raced as a
wet e¢rop. On the other hand, Sreenivasann and Sadasivan
(1942) have reported that dry eultivated rice is least

effective in promoting growth of young albino rats when
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supplied as the sole source of protein and wet cultivated

transplanted rice is most effective.

Just as rice makes a contribution of protein in a
rice diet, wheat (Triticum aestivum) does it to a larger

extent in the wheat diet. The digestibility and biological

value of wheat protein have been determined both in rats
~________,___-~'
and human beings. Swaminathan (1937 c¢) found a biological

e
value of 66 and digestibility of 93 per cent in rats at 5
per cent level. Basu (1946) has reported figures of

biological value and digestible coefficient as 53 and 77

respectively for one human subject and 60 and 81 respectively

—

for another. 1In mixed diets, the biological value of wheat

proteins does not dﬂ&er greatly from that of rice protein
so far as I the ﬁffffﬂﬁﬂflfgt is concerned. In rats, on
the other hand, there seems to be some difference in favour
of riceés It may be mentioned that the bioclogical values

of jowar, bajra and ragi proteins compare favourably with
rice protein in the balance sheet method (Acharya, Niyogi
and Patwardhan, 1942). The results of the growth method

show that they are inferior to both rice and wheat proteins

_(Swminathmg 1937 4, e).
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Amino acid composition

The amino acid composition of the proteins of
rice, wheat, ragi, jowar, barley, oats, corn and of the
products of their milling has been extensively investi-
gated (Kik, 1941; Csonka, 1941; Baumgarten, Mather and
gtone, 1946; Balasubramaniam et al., 1952; Jansen, 1962
and Howe 2; al., 1965). Rice, Wheat and corn proteins
are all deficient in lysine (Mitchell et al., 1932;
Kik, 1940 and Balasubramaniam et al., 1952), In
additien, rice protein is deficient in threonine
(Pecora and Hundley, 1951) and wheat protein in valine
(sure, 1952), cCorn protein is deficient in tryptophane
(Csonka, 1939) and also in threonine and methionine
(Surey 1953)., Corn gluten meal is reported to be
dbficient in arginine, lysine and tryptophane (Grau,
1946). The marked amino acid imbalance of sein is due
to the presence of glutamic acid, leucine, alanine,
proline and phenyl alanine in relatively large amounts

(Groschke, Anderson, and Briggs, 1948).

Nutritive values

Extensive investigations have been carried out
on the nutritive valuesof cereal proteins (Chick, 1942;
Hawley, Murlin, Nasset and Szymanski, 1948; Schulz and

ThomasSs 1949 and Mitchell and Beadles, 1950). Rice
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proteins possess a far higher growth promoting value
than wheat proteins (Sure, 1946; 1947) and also higher
biological value than other cereal proteins. Several
reports of investigations in India are available to show
that the digestibility of rice protein is well over 90
per cent (Patwardhem, 1961). Using the balance sheet
method at 5 per cent protein level and rats as experi-
mental animale, Swaminathan (1937) reported for rice
protein a biological value of 80, Similar figures for
polished and parbeoiled rice are given by Basu and Basak
(1937) and Acharya, Niyogi and Patwardhan (1942). Mitra
and Varma (1948) found a biological value of 67 for rice
in a diet containing néarly 20 oz.: or more of rice and
approximately 3 to 4 oz, of pulses per day and this
value ig identical with that obtained by Basu, Basak and
De (1941), Balasubramaniam, Ramachandran, Viswanatha
and De (1952) have determined essential amino aecids in
proteing of rice and of some other cereals. While the
proteing of 'Aman' rice promotes good growth in rats
(Basu and Basak, 1937) and are highly digestible (Basu
and Mukerji, 1936) the proteins of 'Aus' rice do not
Possess any growth promoting value (Basu and Basak, 1937)

and their digestibility is also of a lower order (Basu

and Mukerji, 1936).
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Addition of limiting essential amino acids
has been found to improve the nutritive valueSof wheat
(Jennesken, 1969; Daniel et al., 1968, 1969, 1970;
pe at 21l., 1969 ), wheat gluten (Chang et al., 1969;
Gray, 1963 and Somonds and Hegsted, 1973) riwve
(chick, 1957; Rosenberg at al., 1959; Desal et al.,
1970 and Bressani et al,, 1971),barley (Munck, 1966)

and corn (Narayanaswami et al., 1970).

Supplementary value

Several workers have studied the effect of
supplementation or enrichment of different cereals
(Hegeted and Worcester, 1947; Balliete, Decaprio and
sevringhaus, 1950; Westerman, Roach and Stone, 1952;
and Westerman, Oliver and May, 1954). Both defatted
corn germ and wheat germ effectively improve tpe
nutritive value of wheat flour (Ballietteq Decaprio and
gevringhaus, 1950). Corn germ protein is, however, infe-
rior 0 wheat germ protein in its supplementary value
to wheat proteins (Hove, Carpenter and Harrel, 1945),

Proteins of milled rice have been reported to possess

an excellent supplementary value to the proteins of

milled wheat flour and milled white corm meal (Sure,

1953). Buck-wheat (Fagopyrum esculentum) proteins have

been found to supplement the proteins of wheat, corn and



rye (Sure, 1955). Mitra and his associates (1948) in
their human metabolism studies have found that replace-
ment of part of wheat in poor vegetarian diets by barley,
corn, ragi or bajra brings about an improvement in the
overall biological value of the proteins in the céreal
mixture. The proteins of milled and processed milled
rice are improved by the addition of lysine, threonine
and methionine and the proteins of enriched milled hard
wheat flour, by the addition of lysine, methionine,
valine and vitamin B,, (sure, 1955)., Effect of supple-
mentation of rice with limiting essential amino acids

have been gtudied by several workers (Harper. 19553

o
Deshpande, 1955; Howe et al., 1967 and Daniel et al.,

1970). Imporfant cereal by-pfodudta like the germ,

and polighings are of greater value in human and animal
feeding, Commercial wheat germ has an avérage protein
content of 20 per cent and this is used 1# bread méking
(Grewe= and Leclere, 1945 and McCollum, 1945). The
high biological value of wheat germ protein is not
1mpﬁired by such heat processing as is necessary to k=
make it -uitaﬁlo for human consumption (Hove and Harrel,
1943), 1ts protein efficiency ratio is less than that
of ege (Clark, Hooper and MeCord, 1955), equal to that

of skim milk powder and higher than that of casein



(jones and Widness, 1946), Rice Germ protein is reported
to possess a high biological value and it supports
proteins of polished rice (Kik, 1954)., According to

kik (1942) the proteins of rice polishing and rice bran
possess higher biological values but lower digestibility
coefficients than the proteins of milled rice. While

the growth promoting value of the proteins‘of rice poli-~
shing is of the same order as thaéf&he_whdle rice proteins,
that of rice bran proteins is slightly less. Work carried
out in India has shown that the proteins of rice polishing

do not =t &8 support growth in rats (Basu and Basak, 1937).

Pulse proteins:

The edible leguminous seeds provide an outstanding
source of dietary protein to man and animals, more espe-
eially to those who can not afford the costly animal
foods Or have been forbidden frﬁm eating flesh, fish
or egg by religious taboos, Practically everywhere
leguminous plants render direct service to man and animals
by supplying available complementary foods and by playing
a major rele in improving soil fertility. Proteins of
leguminous seeds provide certain essential amino acids in
which cereal proteins are deficient, Consequently they

enhance the overall nutritive values of proteins in a
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mixed diet (Phansalkar and Patwardhan, 1956)., When
included in the processed foods they help to improve
the palatability by masking the flavour of the other
constituents. Extensive investigations have been
carried out in India (Venkata Rao et al., 1964) on the
nutritive valuesof legume proteins and today :I.It is possible
to lay down diet schedules based on blends of legumes
and ceéreals as would meet fairly adequately the protein
requirementsof the body.
Protein content

The protein content of most of the legume seeds
falls within the range of 20 to 30 per cent except agathi
seeds (Sesbania gfandiflora) which contain 68 per cent
protein (Subramaniam, Lekshminarayana Rao and Srinivasan,
1952) and iupin seeds (Lupinus luteus) which contain 79
per cent protein (Lugg and Weller, 194%). Bressani (1970)
found Variation in the progéin content of phaseolus
viylgaris varieties from central America. Wild inTedible
legume seeds contain 18 to 47 per cent protein (Pant and
Bishnoi, 1967 and Pant et al,, 1968). The proteins of
legumes are chiefly globulins with certain amounts of
albuming in g few cases. The albumin of peas differls

from the globulins in having a higher content of
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tryptophane and lysine (Danielsson and Liss, 1952;

Smith et al., 1959; Powrie, 1961 and Altschul et al.,
1966). Protein fractions called vieilin and legumine
have been isolated from peas (Danielsson, 1950). Similar
protein components are reported in 34 different legume
species (Danielsson, 1949), TLegumelin has been considered
as a third protein constituent, Phaseoline and concana-
valin are the terms used to designate respectively the
main proteins of the common bean and jack bean.  Conglutin
is the name applied to the main protein fraction of the
lupines, Osborne and Campbell (1897) isolated three
distimet globulins from cowpea, namely, vignin, Phaseolin
and soluble globulin, Bell and Young (1970) prepared a
pea (Eiggg Sativum) protein concentrate containing 60

per cent protein and Jaffe and Hanning (196%) and Seidl
et al., (1969) isolated a globulin fraction from black
bean (Phaseolus !uigarig). Cajanin and concajanin are

the two important globulins in tur dhal (Sundaram et al.,

&

1929).

Amino acid composition
The amine acid composition of the proteins of

different legumes has been worked out (Block and Weiss,

1956; Kuppuswamy et al., 1958; Patwardhan and Ramachandran,

19603 Xing, 1964 and Venkat Rao et al., 1964) and the
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available data indicate that pulse proteins are generally
good sources of lysine (Baptist, 1954 and Van Etten et al.,
1967). In general, methionine is the major limiting amino
acid in legume proteins (Kunitz, 1946 and Jaffee, 1950).
Tandon et al.(1957) found that soil significantly altered
both vield and riboflavin content of kidney beans but the
content of nitrogen, methionine, lysine, tryptophane,
niacin and thiamine was not found to be affected by soil
fertility differences. Bressani et al. (1960) found
variation in nitrogen, methionine, tryptophane, thiamine,
riboflavin and niacin content between localities for the
common black, red and white beans. Crystallisation of
phaseolin, the protein isolated from Ukrainian beans
(Phaseolus vulgaris) is reported to bring down 1ts
methionine content further (Soifer, 1952). VWhite sweet
lupin (ngiggg,glﬁgg) proteins have been reported to
contain 2,6 per cent methionine which is rather exceptional
for a legume protein (Nehring and Schwerdtfeger, 1951).
When the 1imitingz amino acid methionine is added to the
diet, the biological value of legume proteins, in general
is known to improve (Taffe, 1949, 1950; Esh and Som, 1952
and Hirwe and Magar, 1953). Alaska field pea protein
becomes superior in natritive value to casein when

gsupplemented with methionine (Woods, Beeson and Bolin, 1943



g

and Lehrer et al., 1947). Woods et al. (1943) and
Lehrer and associates (1947) found tqﬁt the protein
efficiency was doubled and daily gain' was tripled when
alaska field bean either cooked or raw was supplemented

with 0.3 per cent methionine, The proteins of split

peas, lentils (Lens culinaris) and red gram (Cajanus

cajan) do not produce good growth evan.;hen supplemented
with methionine (Jaffe, 1949). Supplementation with other
amino acids like tryptophane or threonine is also ineffec-
tive, but in the presence of methionine, tryptophane and/or
threonine the nutritive value is enhanced fJaffe, 1949 and
Braham et al., 1965): Maximum improvement has.been obtained
in the casge of bengai“gram and lentils with a combination
of methionine, tryptophane and threonime, raising the

dnc
protein efficiency ratio from 1.3 to 2,3, 0.7 to 2.6

respectively. Effect of methionine was to improve the

pattern of essential amino acids but no effect on protein
digestibility has been reported (Bressani et al., 1963).
Methionine present in bengal gram is reported (Russel,
Taylor, Mehrhof and Hirseh, 1946) to be more rapidly
available to the rat than that present in certain varieties

of peas, ligma beans (Ehsggglgg lunatus) and snap beans

(Ehaseolus vulgaris):



Next to methionine, cystine is another general
defieciency in legume proteins. However, the proteins
of bengal gram, lupin seeds, lentils, and string beans
(Phaseolus vulgaris) are reported to contain fair amounts
of cystine. The availability of cystine varies among

different legumes.

Another amino acid that is found generally limiting
in legume proteins is tryptophane (Jaffe, 1949 and Baptist,
1954). The proteing of red gram are pa‘.rticuiarly very
'1ow in tryptophane (Jaffé. 1949, 1950 and Vijayaraghavan
and Srinivasan, 1953). The availability of tryptophane
from legume protein is reported to be high eicept in the
case of red gram protein (Esh and Som, 1953). Besides
the general deficiency of these essential amino acids
certain gpecific deficiences of essential amino acids
in particular legumes have been reported like phenyl
alenine in horse bean (Mohon and Common, 1950),threonine
in horse beans, (Mohon and Common, 19502,subterranean

clover seeds (Holmes, 1953) and bengal gram (Giral and

Bechegoven, 1949) and valine in peas (Holmes, 1953).

Nutritive values

The proteins of legumes, as a class, are not well

the essential amino aecids and,

e not of high order

palanced in respect of all

i{n general, their biological Vvalues ar



(jaffe, 1949), The performance of growing children

on predominantly legume diets has been reported to be
inferior to their performance on predominantly meat diets
(saimon, 1943). Bressani et al. (1962) found that Vigna

Sinensis (cowpea) was of superior nutritive quality than

Phaseolus vulgaris and Phaseolus calcaratus. FElias et al.,
(1964) reported marked differences in protein value in
different varieties of éowpea (Vigna sinensis). Gyco

and Assenjo (1965) found a positive 135333125_33393,for
chick peas (Cicer arietinum) peg€on pea (cajanus cajan)

and northern beans (Phaseolus vulgaria); Certain legumes
are found to contain protein of fairly high biological
value, for"inatance. Alaska peas (Crosnier aﬁd Margueritte,
1951) and bengai gram (Almquist, Meecchi, Kratzer and Grau,
1942). Sulphur contaihing fertilisers are found to
increase the protein efficiency of field peas (Murray

et al., 1952). The nutritive values of most legume proteins
have been found to be greatly influenced by haﬁt treatment
(Pako, 1966; Acharya et al,, 1942; Borchers and Aékeraon,
1950 and Nitsan, 1971). Heat processing increases the
digestibility of legume proteins, removes saponins
Tesponsible for the“tygical bitter tastes in raw legumes
and generally improves their flavour. Most of the anti-
nutritional or toxic effects of legumes can be partly

or wholly eliminated by the proper application of heat.
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Thie effect is manifeeted by a general enhancement of

the nutritive value of the proteins of legumes (Borehen
and Aokereon, 1950 and Jaffe. 1949, 1950) Osborne and
Mendel (1917) observed that soyebean protein would not
support the growth of rate unleee cooked for three hours
on a steam bath. stnce then'many inveetigetorn have‘
eetebliehed the superiority of heat processed eoyabean
0il meal not only for rats (Mitchell and Smats, 1932 and
Hayward. Steenbook and Bohetedt, 1936) but also for mice
(westfau and Hauge, 19&8). chicks (Hayward and Hafner,
1941 and Evane and McGinnie. 19&6), turkey poults (Frits
et al., 19&7), ewine (Beoker et al. R 1953) and human beings
(Lewie and Taylor, 1947), In general theae etudiee have
shown that the degree of 1mprovement 1n nutritive value
effected by heat treatment is dependent on temperature,
duration of heating. and moieture condition. It has been
well establiehed thet the addition of methionine and
cyetine to unheated eoyabean meal improvee protein ut111~
sation to the same extent ae proper heating. The lower
nutritive value of unheated eoyabean meal 19 not the result
of inoomplete digeetion of the protein. but is on ecoount
of the fact that the methionine is abeorbed in a form, or
poasibly at a site, from which it can not be effeetively
utilised for growth (Irvin E.Liener. 1958). As soyabean

oil meallﬁhe nutritive value of many other legumes is also



-39-

improved by proper heat treatment. The widespread dis-
tribution of a trypsin inhibitor in legumes provides

the most likely explanation for the observation that
heating increases the invitro digestibility of a number

of legumes, Jaffe (1950) observed that those legumes
which have the highest trypsin inhibitor are also those

in which the digestibility is most improved by cooking.

It has been'generaily obaérved that supplementation of
uncooked legumes with cystine or methionine markedly
improves their nutritive value. Klose, Graeaves and
Fevold (1948) on the other hand, have shown that lima

bean fractions possessing high antitryptic activity inhibit
the growth of rats fed acid hydrolysed casein. Contrary
to the beneficial effects of heat observed in most legumes,
the nutritive value of field pea is damaged by baking,
canning or autoclaving, and this impairment is am@nable

to supplementation by cystine or methionine. Among the
legumes that improve on heat processing, are included the
field bean (Dolichos'lablab),navyboaﬁ (Phaseolus vulggrisl}
pintdbaan (Phaseolus vulgaris), Jackbean (Canavaiia
engiformis), Velvet bean (Mﬁcuna deeringianum), adsukibean
(Phaseolus angularis), horse bean, ﬁorsegram and khesari
dhal (Lathyrus sativus). The partridge pea (Chamaecrista
fasiculata), guarbean (Cyanopsis psoraloides), lespedeza

(Lespedeza stipulacea) and the common vetch (vieia sativa)
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are those that do not improve on heat treatment. There
are a number of reports in the literature to the effect
that the nutritive value of pea proteins is impaired as

a result of heat processing (Woods, Beson and Bolin,

1943; Everson and Heckert, 1944; Richardson, 1948 and
Murray, 19&82:but there are also reports to the contrary
(Achary et al., 1942 and Esh and Som, 1952). = Conflicting
reports also exist regarding the effect of heat processing
on the biological value of proteins present in a number
of other legumes such as Bengal gram (Acharya et al.,
1942; Esh and Som, 1952 and Hirwe and Magar, 1953) lentils,
(Jones and Murphy, 192%; Acharya et al., 1942; ®eh and Som,
1952 and Hirwe and Magar, 1953) green gram, blackgram, red
gram (Subha Rao and Subrahmajyam, 1950; Esh and Som 1952
and Hirwe and Magar, 1953) and cowpea$ (Richardson 1948;
Brochers and Ackerson, 1950 and Sherwood, Wweldon and
peterson, 1954), It has been reported that cooking cowpea
makes no difference to the growth promoting value of its
proteins in some samples but it has a beneficial effect

in some others (Sherwood et al., 1954). Parching improves
the nutritive value of the proteins of bengal gram, green
gram, horse gram and dried peas (Acharya et al., 1942).
Many legumes contain trypsin inhibitors, which in most

cases are heat labile, but no correlation has been observed
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between the effect of autoclaving on the nutritive value
of proteins and the presence or absence of trypsin inhi-
bitor#in raw legumes (Brochers and Ackerson, 1950). In
most instances, when heat treatment does produce a positive
effect, it seems to make little difference whether the
legumes are cooked in water, autoclaved or parched.
Notable exceptions, however, are Phaseclus vulgaris and
Dolichos lablab which require preliminary soaking prior

to cooking or auntoclaving in order to eliminate completely
the toxicity of the raw bean (Jaffe, 1949). That the
trypsin inhibitor of Soyabean is destroyed by heat is
ampiy suppdrted by experimental evidence and there

appears to be an inverse correlation between the trypsin
inhibitor content of partially heated soyabean meals and
their nutritive values (Westfall and Hauge, 1948), The
heat ltpility oqkrypsin inhibifors from other legumes

has not been investigated to'ény great extent, but the
available information indicates that some of those
inhibitors, such as thoaélfrom the lima bean (Taubear,

Harshaw, and Wright, 1949) Phagéolua vulgaris (Sohonie

and Bhandarkar, 1954) and Paba vulgaris (Sohonie and
Bhandarkar, 1954 and Kothari and Sohonie, 1960) may be
more heat stable than the soyabean trypsin inhibitor.

The increased digestibility of cooked legume, as measured
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in vitro and in vivo, is presumably due to the destruction
of trypsin inhibitors contained in them. The haemagglu-
tinin of soyabean is destroyed by autoclaving, and the
improvement in nutritive value effected by heat parallels
the extent to which the haemagglutinin has been destroyed’
(Liener and Hill, 1953). Partial heat inactivation of the
purified haemagglutinin from Phaseolus vulgaris shows a
parallel destruction of toxicity and haemagglutinating
activity (Jafre, 1961),

Nutritive quality of legume proteins is known to
improve to a marked extent when supplemented with the
1imiting amino acids (Borchers, 1962; Bressani et al.,
1963% Parthasarathy et al., 1964; Sreenivas et al., %96l4;
Venkita Rao et al., 1964; Devadas et al., 1967; Venkat Rao
et al.,; 1971 and Vijayalekshmy et al., 1972). Since
methionine is the major limiting amino acid in most
legume proteins, its addition to the diet has been found
to enhance the nutritive value of legume proteins to a
considerable extent (&afre, 1949, 1950; EBsh and Som, 1952
and Braham et al., 1965). The nutritive value of alaska
field pea is increased almost to that of casein when
supplemented with methionine (Woods, Beeson and Boling,
1943). Jaffe (1949) reported a marked improvement in the

nutritive value of red gram, split pea and lentil, when
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tryptophane and threonine are added along with methionine.
Sherwood et al. (1954) observed a significant increase
in the growth rate of rats when fed a cowpea diet supple-
mented with methionine. It has been observed that cowpea
flour incorporated in a diet at 18 per cent protein level,
on nitrogen basis promotes higher growth response in rats
than tur dhal and in this reﬁpect. almost similar to Casein
(8ivaraman, 1967). But on the other hand both cowpea and
tur dhal proteins supplied through a synthetic diet at 10
per cent protein level did not support growth and maintain
nitrogen balance, Supplementation of these two pulse
proteins with both methionine and tryptophane promoted
growth awd maintained positive nitrogen balancér:howed

. significantly higher biological value Y Sivaraman, 1969).

Supplementary value

Siﬁce the géneral ﬁattern of essential amino acids
in cereal and légume proteins is dissimilﬁr. they are
éapable of supplementing each other with the result that
cereal~legume mixfures cdntgin proteins of superior nutritive
value (Swaminathaﬁ. 1937, 1938; Murray, 1948; Adolf et al.,
1955'and Phansalkar and Patwardhan, 1956), Supplementary
relntionaﬁipu have been observed between the proteins of
bengal gram and parboiled wheat (Adolf, Shammar and Halaby,

1955 ),between the proteins of horse beans and corn (Chen



- 44 -

and Wang, 19#3),\between the proteins of peas and cereal
germ (Beeson, Lehrer and Woods, 1947). Investigations
have shown that the proteins in legumes such as bengal
gram, black gram, green gram and red gram supplement

wheat proteins, jowar proteins and bajra proteins but

not rice proteins (Phansalkar, Ramachandran and Patwardhan,
1957). As judged by human metabolism studies, legume
proteins are inferior to milk proteins in supplementing
rice proteins (Mitra and Varma, 1947). Esselbaugh et al.,
(1952) found in human subjects, at low levels of protein
intake, that the egg replacement value of pea was 95.1

per cent and 100 per cent for methionine supplemented pea
protein, Hansen et al. (1960) and Brock (1961) found a
significantly higher nitrogen retention when corn was
fortified with pea flour, Metabolic studies carried out
by Matoth et al., (1968) in infants showed that the vegetable
protein mixture containing legumes compared favourably with
cow's milk diets. Several workers have obtained higher
nutritive valueifor combination of cereal legume mixtures
(Tasker et al., 1962; Chaves et al,, 19623 Panemangalore
et al,, 1967; Desai et al., 1968; Elias et al., 1969;

Hanafy et al.,, 1970.a, b, ¢, and Daniel et al

o ’
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Protease inhibitors

The physical and chemical properties, pharmaco-
logical effects and nutritional aspects of protease
inhibitors have been largely studied and widely reported
(KRunitz, 1945, 1946, 1947 a, b, 1948; Liener, 1950, 1958,
1962; Brochers, 1965; Rackis, 19653 Birk, 1968; Mickelsen
and Young, 1966; Vogal et al., 1966, 1966 a and Back and
Mammen, 1968). However, several areas in the field are

yvet to be explored,

The fairly widespread distribution of trypsin
inhibitors in lezumes pfowidea the most likely explanation
for the observation that heating increases the digesti-
bility of many leguminous proteins (0sborne and Mendel,
19173 Waterman and Jones 1921; Jaffe, 1950; Carrql et 3&.,
1952; Liener, 1958, 1962; Barnes et gl,; 1962, 1965;
Borchers, 1962 and Kakade and Evans, 1965). ‘It may,
however, be noted that not all 1eguﬁea which have trypsin
inhibitors have their nutritive values enhanced by heating
(Brochers and Ackerson, 1950 and Jaffe, 1950). Different
methods of processing of 1egdmoq have been found to have
effect on protease inhibitors (Liener, 1962). Most of
' the protease inhibitors are déstroyed by heat treatment
and thug their nutritive value is enhanced (Brochers et al.,

AL : N
1947; Liener, 1962; Smith et al., 1964; Rackis, 1965 and

1
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Kakade and Evans, 1966)., The easiness with which the
inhibitors are removed gained popularity for the legumes

as a staple component of the diet.

Most of the work in regard to the effect of heat
trpatment on the nutritive value of legumes has been
confined to soyabean (Osborme and Mendel, 1917; Hayward
and Hafner, 1941; Melnick et al., 1946; Evans and MecGinnis,
1948; Liener et al., 1949; Bouthelet et al., 1950; Carol
et al., 1952; Liener, 1958; Borchers, 1962; Saxena et al.,
1963; Nitsan, 1965 and Nesheim and Jarlick, 1966).
Comparatively very little is known in this regard in respect
of othef legnmegj much less so as applied to cowpea and

tur dhal,
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PRESENT INVESTIGATION

Proteins subserve many physiological functions.
Pulses constitute an important source of protein in this
regard, Besides being an excellent source of vegetable
protein for human population, leguminous crops also provide
good fodder for livestock, From a nutritional point of view
pulses not only subplemant cereals (Baeson.gg al,, 1947;
Adolf g& al., 1955; Baptist, 1956 and Bressani et 2&..1952)
but on account of the differences in the amino acid compo-
gsition of the constituent proteins they also supplement
each other (Phansalkar and Patwardhan, 1964 and Daniel et al.,
1968). Although a great deal of work on the nutritive values
and supplementary values of a wide variety of pulses have
been carried out (Bressani and Valiente, 1962 and Venkat Rao
et al.y, 1964), comparatively very little work has been done

in this regard with cowpea (Vigna catjang) and tur dhal

(Cajanus cajan), two important sources of nitrogenous foods

for man and livestock. Most of the work carried out in
regard to the nutritive values of proteins have been confined
to growth response chosen as the sole criterion. It has

been shown (Mitchell; 1924 and Allison, 1955) that the
biological value of a protein differs from one physiological

function to another. It is,therefore, essential that the

nutritive value of a protein or a protein source is evaluated
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in terms of specific physioclogical functions. Although

it has been recognised that pulses represent an important
source of protein, it has been reported that several of
them contain protease inhibitors which depress growth
response of animals. In pursuance of these considerations
detailed in the introduction, an investigation was carried
out to assess the nutritive values of cowpea (Vigna catjang)
and tur dhal (Cajanus cajan) - the two indispensable pulses
in the dietary of human beings in this par¥ ¢f the couniry,
in terms of specific physiological effects such as growth,
nitrogen retention, red cell, haemoglobin and plasma protein
concentrations, and liver protein and liver fat contents.
For this work the author was awarded M.Sc., degree (Nutrition)

by the University of Kerala in 1969.

The following were the significant inferences
drawn from this study (Vide the reprint and the summarised
results presented as appqndix at the end of the present

thesis )t

(1) Raw cowpea flour incorporated in a diet at 18
per cent protein level on nitrogen basis promotes on feeding
for a period of 28.d3ya a significantly higher growth
response in rats than raw tur dhal flour supplied at the

same protein level,

{2) The growth rate obtained with cowpea flour at
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18 per cent protein level is essentially the same as
that obtained with the control diet containing 18 per cent

casein as the sole source of nitrogen.

(3) In the growing rats, both cow pea and tur dhal
each at 18 per cent protein level in the feed produce the
same haematopoietic response but in the adolescent animals,
as Jjudged by the phenylhydrazine amaemia technique, the two
pulse proteins are less efficient than casein for promoting

haemoglobin formation.

(4) Cowpea protein and tur dhal protein, when each
fed at 10 per cent level through synthetic diets do not
support somatic growth in young albino rats and register

negative protein efficiency ratios (P,B.R.).

(5) On supplementation with the limiting essential
amino acids, methionine and tryptophane, the two pulse
protein diets bring about positive growth response and

register high P.E.R, values,

(6) Methionine and tryptophane supplementation of
cowpea protein brings about a significantly higher growth
response in animals than that obtained on the control diet

and on the amino acids supplemented tur dhal protein diet.

- (7) supplementation with either methionine or

tryptophane or both or their withdrawal from the diets
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during the 5th, 6th and 7th week of experimentation brings

‘about noticeable changes in the body weights of the animals,

(8) The most limiting essential amino acid in cowpea
prot?in for growﬁg/;n'the rat when fed at 10 per cent level

_ T e A L P
?I
é{ #n nitrogen basis)appears to be methionine. Both methionine

N T e

and tryptophane are limiting in this regard imn tur dhal

protein,

(9) At 10 per cent level, both cowpea protein and
tur dhal protein support positive nitrogen balance and
promote nitrogen retention. Supplementation with the
limiting essential amino acids, methionine aﬁd tryptophane,
brings‘about significantly higher nitrogen balance and per
cent nitrogen retention in animals receiving the pulse
proteins, the effect produced in the case of the cowpea
protein diet being comparable with that observed in the
case of the control diet and more pronounced than that

obtained on the tur dhal protein diet.

(10) Maintenance of body weight or gain in weight
o%rrnts does not appear to bear any relationship with
nitrogen balance ogowith retention of nitrogen expressed
as the percentage of intake, The attainment of positive
nitrogen balance does not seem to be an indication that
the quantitative requirements of nitrogen for optimum

growth are satisfied,
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(11) Cowpea protein and tur dhal protein possess
low biological values but on supplementation with methionine
and tryptophane, significantly higher and almost identical
biological values are obtained, the values approaching

nearly the biological value obtained for casein,

(12) Methionine and tryptophane do not seem to exert
any marked influence over Liver protein content. . A reduction
in liver fat content probably attributable to the lipotropic
effect of methionine is observed in animals receiving the

amino acid supplemented putrse diets.

(13) Among liver, kidney, spleen and heart, only
the livers of animals receiving the pulse protein diets

show slight structural alterations.

| (14) Supplementation of methionine and tryptophane
to the pulse protein diets promotes the fegeneration of
red cell and haemoglobin in rét? facovering from phenyl-
hydrazine anaemia although not at a rate comparable to
that obtained on the control diet containing 10 per cent

casein,

(15) Both methionine and tryptophane appear to be
1imiting amino acids in cowpea protein and tur dhal protein

for red cell and haemoglobin formation in the rat.
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The significance of the observations made above
prompted further research and accordingly an investigation
comprising of thfee series of experiments was carried out
during the present investigation in order to (1) assess
the comparative effects of feeding diets with raw and
autoclaved cowpea and diets with raw and autoclaved
tur dhal each containing 10 per cent proteinigg“;it;;gégi\’////f’
‘D/";;.._ﬂ:—@__-f S e SO ISR R s e S .,tr____._\,‘_;___f““““‘ =

thjiijon growth response and such other physiological
functions as nitrogen retention, red cell, haemoglobin and
plasma protein concentrations, liver protein and liver fat
contents, glutamic-oxalo acetic transaminase and glutamic-
pyruvic transaminase levels in serum and liver and internal
organ weights, (2) evaluate the influence of supplementation
of these diets with the limiting amino acids, methionine
and tryptophane, on the wvarious pﬁysiological functions
and (3) determine the relative merits of feeding autoclaved
cowpea and tur dhal diets at higher levels of protein intake
(18 per cent) on growth response, red céll and haemoglobin

formation and reproduction and lactation.
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EXPERIMENTAL

Three series of experiments were carried out using
growing albino rats as experimental subjects, in order to
assess (1) the comparative effects of feeding raw and

autoclaved cowpea and tur dhal incorporated in the diets

each at 10 per cent protein level on nitrogen basis on .l”’fﬂ#ff
specific physiological functions such as growth, protein
efficiency values, nitrogen balance, blood formation, liver
fat, liver protein and liver glycogen contents and liver
and serum enzymes, (2) the relative merits of these diets
on feeding on the various physiological functions on
supplementation with methionine and tryptophane and (3)

the beneficial effects observed in respect of the various
physiological functions when the autoclaved pulses are
incorporated in the diets at 18 per cent protein level on
nitrogen basis. In this series of experiments were also
included studies carried out to evaluate the comparative

effects of the diets on the reproductive and lactative

performance of the animals,

MATERTALS
Diets

The compositions of the isoproteimic test diets

(on nitrogen basis) used in the first and second series
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of experiments (Piets A, B, C, D and E and Diets ¥, G,

H and I respectively) are given in Tables 1 and 2
respectively. Diet C served as the control. Diets A

and F and Diets D and H contained respectively 51.0 parts
of raw cowpea and autoclaved cowpea. Diets B and G and
Dietes B and T contained respectively 49,0 parts of raw

tur dhal and autoclaved tur dhal. The compositions of the
isoproteimic test diets used in the third series of experi-
ments (Diets J, K and L) are given in Table 3. Diet L
served as the control, Diets J and K contained 70.0 parts
of autoclaved cowpea flour and 70.0 parts of autoclaved

tur dhal flour respectively. Seventy parts of cowpea flour
and 70.0 parts of tur dhal flour (raw as well as antoclaved)
supplied 15,0 and 14.1 parts of protein (N x 6,25) respectively.
The compositions of the isoproteimic test diets (Diets M,
N, Oy P and Q) used for studiea on the reproductive and
lactative performance of rats are set out in Table 4, Diet
0 served as the control. The protein level was made up to
18 parts by the addition of the required amount of protein
isolated from cowpea and tur dhal respectively. The vitamin
mixture incorporated in the diets contained the following

per kilogram of diet:

Thiamine hydrochloride 20 mg.
Riboflavin 20 mg.

Pyridoxine hydrochloride 20 mg.
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Calcium pantothenate 60 mg.
Nicotinic aecid 100 mg.
Ascorbic acid 200 mg.
Biotin b mg.
Folic acid 10 mg.
p-aminobenzoic acid 400 mg.
Inositol 800 mg.
lrtocopheryl acetate 100 meg.
Vitamin B,, 150 ME-
Choline chloride 2 s
Vitamin A : 5000 U.S.P, Units
Vitamin Dz : | 500 U.S.P. Units

In all the experiments, food and water were provided

to the animals ad libitum and daily food intakes were recorded.

Proteins:

Progaration of casein

Casein was prepared from skimmed milk powder
according to the procdedure described by Cohn and Hendry
(1932) as described below:

Skimmed milk powder (5 kg) was made into a uniform
paste with water and diluted to about 30 liters. N/20
HCL was added slowly through a capillary tube with vigorous

methanical gtirring till the pH was 4,6. The precipitate
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was allowed to settle overnight and the clear yellowish
liquid at the top was siphoned off. The casein was filtered
through muslin and then pressed tight within folds of drill
cloth in a filter press., It was stirred up with distilled
water, filtered and pressed, and the process was repeated

three or four times.

The washed casein was suspended in water and N/10
sodium hydroxide was slowly added with vigorous stirring
till the pH value reachedcélgl_ Local excess of alkali was
carefully avoided during the addition of the alkali. The
sodium Caseinate solution was filtered through a thick pad
of paper pulp and the casein in the solution was precipitated
by the addition of N/20 acid as before. The precipitated
casein was allowed to settle and after decanting off the
supernatant liquid it was filtered through muslin, pressed
free from as much of the liquid as possible, and washed
repeatedly with distilled water each time taking care to
remove as much of the liquid as possible, before more water
was added, When the washings were free from chloride, the
Protein was again pressed free from most of the water, The
wet product when dried‘yith acetone weighed nearly one kg.

and contained about 12 to 15 per cent moisture.

Preparation of pulse proteins

The two pulse proteins required for incorporation
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in the diets were prepared from Cajanus cajan (Tur dhal)

and Vigna ecatjang (Cowpea) flour respectively by extraction
with 3.5 per cent sodium chloride solution, precipitation

by full saturation with ammonium sulphate, redissolving the
precipitate in water and heat coagulating at 100° C. The
heat coagulated proteins were washed free from ammonium
sulphate and dried with acetone. The two pulse proteins were

analysed for amino acid composition by paper chromatography.

Pulses?®

Cowpea (wigna catjang) and tur dhal (Cajanus cajan)

required for the study were purchased locally, air dried,

pulverised in a wiely mill and stored in desﬁ%a{oqg: For

purpose of incorporation in diets (Diets D, E, H, I, J, K,
P and Q), each flour was autoclaved at 15 1bs. pressure for

30 minutes,

Stareh

Corn starch used in the preparation of diets was

obtained from Messrs. Vora Brothers, Bombay.

Amino acids:

The amino acids (L-Methionine and L-TrﬁptOphane)
used for incorporation in the diets (Diets F, G, H and I)

were the products of E, Meﬁk, Germany.,
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Animals

Albino rats of the college stock colony formed the
subjects for the study. In the first series of experiments
50 young rats welghing on an average 53 g. were used, the
animals being distributed into five groups of 10 animals
each. In the second series of experiments 40O young rats
weighing on an average 53 g. were employed, the animals being
distributed into four groups of 10 animals each, In the
third series of experiments 24 rats weighing on an average
48 g. were used, the animals being distributed into three

groups of 8 animals each,

For studies on the reproductive and lactative
performance of rats, 50 adult female rats, distributed into
five groups of 10 animals each, were maintained on diets
My, Ny O, P and Q respectively, The animals were kept for
breeding by leaving the females with the males for 2 weeks,
males of proved fertility being interchanged between females
every alternate day. The criteria used for reproduction of
female rats were; (1) number of animals that gave birth to
young, (2) number of young born per rat and (3) average weight
of young at birth. The criteria for lactation were:

(1) percentage of young weaned on the 21st day and (2) average

weaning weight of young.

Rats were always distributed into groups as evenly as

possible in regard to weight and sex. In all series of
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experiments except in those employed for reproduction and
lactation studies, the animals were housed in individual
cages with raised screen bottoms. For reproduction and

lactation studies 3 female rats were maintained in a cage.

Experimental animals were weighed once a'week. Red
blood cell and haemoglobin concentrations were estimated at
weekly intervals, Plasma protein, liver and serum enzyme
activity, liver fat and liver protein content, and internal
organ weights were determined at the end of the A4th week of

experimentation when the animals were sacrificed.

In the first and second series of experiments, nitrogen
balance was determined during the last %4 days of experiment.
Carmine waé used as faeces marker and thymol and sulphurie
acid as urine praaervatiyes. Duplicate samples of faeces
and urine were analyseﬁ.for nitrogen, Urine and faecal
samples collected dufing the metabolism trials were analysed

by conventional methods (A,0.A.C, 1960),

METHODS

I. Bstimation of essential amino acids in the pulse proteins

by paper chromatography
Preparation of hydrolysate:

The samples (300 mg. each of cowpea flour and cowpea

protein and 253.5 mg. of tur dhal flour and 146.6 mg. of
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tur dhal protein) in duplicate were hydrolysed with 12 mil.
of 6 N. HCL for 24 hours at 105° C in sealed test tubes.
After hydrolysis, excess acid was removed by repeated
evaporation and the hydrolysates were made upto 5 ml. with
10% isopropyl alcohol as preservative. These hydrolysates
were used for analysing the essential amino acids except
tryptophane by pﬁper chromatography (Hanumantha Rao and

Subrahmaniam, 1970).

Chromatographic analyses and solvent system

The made up solution was analysed chromatographically
using one dimensional descending technidue. Whatman No,1
filter papers washed thoroughly with N/100 hydrochloric acid
and water and later driéd, were used for chromatographic runs.

The solvent system used was Butanol: acetic acid: water

(Bs1:5),

Chromatographic grada Whatman No.1 filter paper was
cut into 9" x 22.5" size, A pencil line was drawn across
the paper 3" from one end of the paper, after showing the
direction marked on the box. Tennpl of coﬁpea flour, 5 ul
of cowpea protein and 70 M1 of tur dhal flour and tur dhal
protein hydrolysates were spotted on the line at 1.5" nparf
along with the standard amino acid solution made from pure
amino acids, using micropipettes. The sample impregnated

paper was hung in the ailr tight chromatographiec chamber
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and allowed to get saturated with the solvent vapour from

the aqueous phase of the solvent kept in the chamber. The
solvent was added to the trough through the opening in the
1id and closed air tight. The chromatograms were run for

18 hours., The p;pers were air dried and the chromatograms
were Tun for a second time with fresh solvent. The papers
were air dried and uniformly sprayed with 0,44 ninhydrin
solution in 95% acetone. After drying the chromatograms were
kept at 65°C fof 30 minutes for full colour development. The
colour bands.were cut out and the colour eluted with 5 ml. of
75% ethyl alcohol containing 0.2 mg. of copper sulphate by
equilibrating the cut bands with this solvent for 30 minutes.
Care was taken to avoid contamination of paper during handling.
The colour intensity of the extracts was determined using

' spectronic 20' at 540 mu. The amino acid concentration in

the hydrolysates were calculated using the values for standards.

TI. Bstimation of blood values

Blood samples for the determination of red cell and

haemoglobin were obtained by snipping the tail of the rats.

(1) Red blood cell:

Red cell counts were made using the
improved Neub%ﬁ counting chamber with 1 in 200 dilution of

blood using Hayem's solution as the diluting fluid,
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(2) Estimation of haemoglobin

An acid haematin repeatedly checked against samples
of blood, the haemoglobin content of which had been obtained
by the method of Wong (Wong, 1928) was used as the standard

for haemoglobin determinations.,

)

Standard acid haematin solutions

A large sample of ox blood was collected in an
oxalated bottle and the haemoglobin concentration was
calculated from the estimation of iromn according to the
method of Wong (1928). The blood was diluted with 0.1 N.
hydrochloric acid in a volumetric flask so that the resultant
haemoglobin (acid haematin) concentration was 3%. Thus, if
the haemoglobin concentration was 14.2%, 21.2 mil, (19$E§§2)
were diluted to 100 ml, with 0,1 N. hydrochloric acid. The
3% solution th@s obtained was well mixed and kept in a
refrigerator, From this stock solution, the comparison
‘ standard was prepared every week by diluting 2.5 ml. teo
100 ml. with 0.1 N, hydrochloric acid, making an acid

haematin solution equivalent to 0,075% haemoglobin.

Procedures

0,05 ml, of blood from a freely flowing source were
measured into exactly 10 ml, of approximately 0.1 N, hydro-
chloric acid., The blood was rinsed out thoroughly by

sucking up the acid and blowing out several times.
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If the blood appeared to be low in haemoglobin twice the
volume of the blood was collected., It was mixed well and
let stand for atleast one hour, Thenthe solution was

compared in a 'Spectronic 20' with the standard solution

prepared as above.

Reading of the unknown 100 10
Caleulation: Qoo qir s of standard =~ 2073 X g os* 700

= g, of haemoglobin/100 mi. of blood,

Wong's method (Won 1928

Principle:

The iron is detatched from the haemoglobin melecule
by treatment with strong sulphuric acid in the presence of
potassium persulphate without heating. ' After removal of protein
by sodium tungstate, iron is determined colorimetrically, in

the filtrate by thiocyanate reaction.

Procedure:

0.% ml, of blood was tranaférred accurately with a
micro-pipette into a 50 ml. volumetric flask. To this, 2 ml,
of iron free concentrated sulphuric acid were added. It was
mixed and 2 ml, of saturated potassium persulphate solution
were added. After miiﬂing and diluting to about 25 ml, with
distilled watef 2 ml, of 104 sodium tungstate solution were
added. After cooling, it was made up to volume and mixed,

Then it was filtered into a dry beaker. Prepared a standard
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in a second 50 ml. volumetric flask by adding to about

25 ml, of distilled water in the flask the following; 2 ml.
of concentrated sulphuric acid, 2 ml. of saturated potassium
persulphate solution and 2.5 ml, of standard iron solution,
containing 0,1 mg. ferric iron per ml, Cooled to room

- temperature, diluted to the mark and mixed, For photometric
measurements prepared a blank with 2 ml. of concentrated
sulphuric acid, 2 ml. of saturated potassium persulphate

and water, Ten ml., of unknown, standard and blank,if
necessary, were pipetted into separate test tubes. To each
added 0,5 ml, of saturated solution of potassium per sulphate
followed by 2 ml, of 3 N. potassium thiocyanate solution.

Mixed thoroughly and compared in a 'spectronic 20' calorimeter.

_ Reading of unknown 100 1
Calculation: Reading of standard x 0.25 x 0.5 x 3.5

= g, of haemoglobin per 100 ml, of blood.
The value 1/3.4 represents the fact that
1 g. of haemoglobin contains 3.4 mg. of iron. If this factor
is omitted in the caleculation the result gives mg, of total

iron in 100 ml. of blood,

Reagents
Saturated potassium persulphate - 100 ml, of distilled

water were added to 7 g. of pure potassium persulphate in a

glaes stoppered bottle. Undissolved excess settles and
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compensates for loss by decomposition.

3 N. potassium thiocynate - 14.6 g. of potassium
thiocynate were dissolved in 500 ml, of distilled water
and filtered if necessary. To this, 20 ml. of acetone

were added to improve keeping quality.

10% sodium tungstate - 100 g, of reagent grade iron
free sodium tungstate were dissolved in water and diluted

to one litre.

Standard iron solution - 0,702 g. of reagent grade
erystalline ferrous ammonium sulphate (Mohr's salt) were
weighéd out accurately and dissolved in about 50 ml, of
distilled water. To this solution, 20 ml, of a 104 iron
free sulphuric acid were added and dilutedlto a litre.

Each ml, of this solution would contain 0,1 mg., of iron,

(3) Estimation of plasma Erotéin

- Blood aamples.for estimation of plasma protein were
withdrawn by heart ﬁuncture into citrated tubes. Plasma
protein was estimated by Kjeldahl method (N x 6,25).

Non-protein nitrogen was not estimated. |

IIX, Estimation of énzymes
Preparation of tissue homogenate

Each liver sample was homogenised in a po*ter-Elvehjem
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glass homogeniser with 10 to 20 times its volume of ice
cold physiological saline, filtered through 4 layers of
muslin cloth, filtrate collected in labelled test tubes

and preserved in the freezing chamber of a refrigerator.

(1) Glutamic-oxalcacetic transminase activity in liver -
Method as cited by Bergmever (1965)

Principle

GOT catalyses the reaction:
L-Glutamate + Oxaloacetatef::;.L-ﬁapartate + =Oxoglutarate
The activity of the transaminase is measured by the increase
of oxaloacetate with time as the reaction proceeds from right
to left, After a fixed time, the 2,4-dinitrophenyl hydrazone
of the reaction ﬁroduct of oxaloacetate, is determined
spectrophotometrically in alkaline solution., Some of the
oxaloacafate decarboxylates spontaneously to pyruvate. The
assay mixture therefore contains oxaloacetate, pyruvate and
o/~ oxoglutarate, all of which form 2,4-dinitrophenyl
hydrasones with absorption maxim at different wave lengths.
Measurement is made at a wave length higher than the wave
length of its maxiqum absorption since this allows the

greatest differentiation between the optical densities of

the three hydrazones.



- 65 =

Reagents

. (1) Substrate buffer solution (0.1 M phosphate

buffer, pH 7.4, 0,1 M, L-asparate, 2 x 10-380(-oxoglutarate):

pissolved 1,50 g. KzHPOh’ 0.20 g. Kﬂzpoh’ 0.030 g.p(-oxoglutaric

acid and 1,32 g. L-aspartic acid in less than 100 ml. of

water,

solution and diluted to 100 ml.

Adjusted the pH to 7.4 with 0.4 N sodium hydroxide

(i1i) Ketone reagent (10'3H 2,h-dinitrophenyl hydrazine):

Digsolved 20 mg, of 2,4-dinitrophenyl hydrazine in 1 N

hydrochloric acid and made up to 100 mi,

(1ii) Sodium hydroxide (0.4 N): Dissolved 16 g. of

gsodium hydroxide in water and made up to 1000 ml.

(iv) Sodium pyruvate (2 x 10-33): Dissolved 22 mg. of

sodium pyruvate in water and made up to 100 mil,

Procedure

Experimental and blank tubes were prepared as follows:

Experimental

1 mi, of substrate buffer
solution

+

0.2 ml, homogenate, Mixed
by inversion and incubated
for exactly 60 minutes

Added 1 ml, of ketone reagent

Blank

1 ml. of substrate buffer
solution

Did not incubate

Added 1 ml. of ketone reagent
followed by 0,2 ml. homogenate
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Allowed to stand for 20 minutes at room temperature,

Mixed into the experimental and blank tubes, 10 ml, each of
0.4 N sodium hydroxide solution. ' After 5 minutes the optical
density of the experimental solution was read against the
blank in a Bausch and Lomb 'Spectronic 20' colorimeter at
546 mt, A standard curve was prepared with values given

in table (Bergmeyer, 1965) and unknown values were read

from the curve (Fig. 1).

Optical density Units
0,020 . 8
0.040 i 16
0,060 ‘ 24
0,080 32
0,100 Lo
0,120 ho
0.140 59
0.160 71
0,180 83
0,200 100
0,220 118
0.240 140
0.260 167

(2) Glutamic-pyruvic transaminage activity in liver -

Method cited by Bergmeyer !1265[
Principle

Glutamate pyruvate transaminase catalyses the
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reaction:

L-glutamate + pyruvate : L-alanine +o,-oxoglutarate.

The activity of the transaminase is measured by the increase
of pyruvate with tima.‘ After a fixed time, the pyruvate
formed from L-alanine andg<;oxoglutarate is determined
colorimetrically by treating the 2,lk-dinitrophenyl hydrazone
witﬁ alkali. The residuql.{?oxoglutarate also froms a
dinitrophenyl hydrazone but its absorption maximum in
alkaline solution is different from that of the pyruvate
hydraZone., Measurements are made between 500 and 550 mu
instead of at wave length of maximum absorption of the

pyruvate hydrazone,

Reagents

(1) Substrate buffer solution (0.1 M phosphate,
pH 7.4, 0,2 M DL-alanine, 2 x 10'3M,<;oxoglutaric acid)s
Dissolved 1.50 g, of Kéﬂpoh’ 0.020 g, of-KHzpoh. 0.030 g,
of =-oxoglutaric acid and 1,78 g. of DL-alanine in water.

Adjusted the pH to 7.4 and made up the volume to 100 ml.

(i1) Ketone reagent (10'33 2,4-dinitrophenyl hydrazine):
Dissolved 20 mg. of 2,4-dinitrophenyl hydrazine in 1 N

hydrochloric acid and made up to 100 mi.

(144) Sodium hydroxide (0.4 N): Dissolved 16 g. sodium

hydroxide in water and made up to 1000 ml.
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(iv) Sodium pyruvate (2 x 10"3H): Dissolved 22 mg.

of sodium pyruvate in water and made up to 100 ml,

Procedure

Experimental and blank tubes were prepared as

follows:

Experimental Blank
1. mls, of substrate buffer 1 ml, of substrate buffer
solution gsolution

+

0,2 ml, homogenate
Mixed by inversion and Did not incubate
incubated for exactly 30 minutes

Added 1 ml, of ketone reagent 1 ml, of ketone reagent +
0.2 mli, of homogenate

Allowed to stand for 20 minutes at room:temperature. Added
10 ml, of 0.4 N sodium hydroxide solution., Mixed and after
5 minutes the optical density of the experimental solution
was measured against the blank in a Bausch and Laumb

' gpectronic 20' colorimeter at 546 mipsicA standard curve was
prepared with values given in table (Bergmeyer, 1965) and

unknown values were read from the curve (Fig. 2).
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Optical density GPT units
0,025 5
0,050 11
0.075 18
0,100 25
0.125 34
0.150 h2
0,175 51
0,200 60
0,225 71
0,250 82
0,275 95
0,300 ' 108
0.325 123
0.350 141
0.375 160

IV, Estimation of liver glycogen

Method of Oser (1963)

Principle

The tissue is hydrolysed by potassium hydroxide and
the glycogen is precipitated by ethanol., The precipitate
is separated by centri&ugation. hydrolysed by sulphuric acid,
and then neutralised. A sulphuric acid medium of anthrone
reagent, causes dehyd;ation of the sugar to a furfural deri-
vative which then presumably condenses with anthrone to form

a blue coloured compound.
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Reagenta

(1) Potassium hydroxide (30%)

(ii)Bthanol (95%)
(141) E‘:I:hanol (60%)
(iv) sulphuric acid (95%)
(v) Anthrone solution (0.2% in 95% sulphuric acid):
0.2 g. of anthrone was disolved in 100 ml., of 95% sulphuric

acid., Prepared fresh before use,

(vi) Standard glucose solution: A stock standard was
prepared by dissolving exactly 1 g. of highest purity
anhydrous glucose in saturated benzoid acid and diluting to
100 ml, with:water. A working standard was prepared from
this by diluting 1 ml, to 500 ml, with distilled water,

5 ml. of this working standard contains 100‘p g. of glucose.
(vii) Sulphurie acid (2 N)

(viii) Sodium hydroxide (1 N)

Procedure

Tumediately after removal from the animal, approxi-
mately 1 g of liver was dropped into a previously weighed
test tube containing 3 ml. of 30% potassium hydroxide solution,
The tube with contents was weighed again, The liver tissue

was then digested by heating for 20 minutes in a boiling



water bath, agitating the solution occasionally to ensure
thorough disfintegration. Added 7 ml, of 95% alcohol to

the tube, mixed by tapping and immersed it in a boiling

water bath until boiling just began, care being taken to
avoid losses by sudden foaming. Allowed the tubes to cool

at room temperature for about 2 ﬁoure. Centrifuged, decanted
and discarded the supernatant liquid. Drained and washed

the precipitate twice with 5 ml, p;rtiona of 60% alcohol by
centrifuging, decanting and draining as before. Expelled

the last traces of alcohol by immerging the tubes in the
boiling water bath., To each tube was then added 10 ml. of
distilled water and stirred until a uniform suspension was
obtained, Pipetted 5 ml, of the suspension into a clean

test tube, and added 5 ml, of 2 N sulphuric acid to it.

Heated the tube in a boiling water bath for 3 to 4 hours to
hydrolyse the glycogen. Cooled, Added a drop of phenol red
indicator and then neutralised cautiously with 1 N sodium
hydroxide with constant stirring. Transferred the neutralised
solution to a 100 ml. volumetric flask, diluted to volume with

water and mixed,

Five ml, of aliquot, 5 ml, of glucose solution
containing 100 mg. andlg ml, of distilled water were taken
in three separate tubes. While submerged in water, introduced
10 ml. of anthrone reagent into each tube with shaking. The

tubes were then covered with glass marbles and heated for
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10 minutes in a boiling water bath. Cooled the tubes.
Compared the colour in a Bausch and Lomb 'Spectronic 20!
colorimeter at 620 my after setting the instrument to zero

with the blank,

Calculation:

Reading of unknown x 100 x dilution factor x 100
Reading of standard x 1.11 x wt, of tissue in g. x 1000000

= gram %
where 100 = concentration of standard in ug; 1,11 = conversion
factor for glucose to glycogen and 100/1000000 = factor for

expressing the value in g%.



Percentage composition of diets

Table 1

First series of exgerinnpta

- - e et e e e R e e T T S —————

Diets  pyooe  fius ~ Casein  Corn starch Sucrose YOToSSmated  iealt
A  Stue - - 22,0 17.0 5.0 5.0
B & 49.0 - 2k, 0 17.0 5.0 5.0
c - - 10.0 63.0 17.0 5.0 5.0
D 51.0 - = " 22,0 17.0 5.0 5.0
E " 49.0 < on 2L, 0 17,0 5.0 5.0

* Steenbock and Nelson salt mixture No.4O + 0.03% Cus0y, » 5320
(steenbock and Nelson, 1923; Pearson, Elvehjem and Hart, 1937).

-cL-



Percentage composition of diets

Table 2

Second gériéa'of ex@ar;ments

i e el R R R R R et e kR S ——

- Tur dhal Hydrogenated
Diets pbwpoa flour' Pl our Corn starch Sucrose vegetable: oil
re . 51,0 - 22.0 17.0 5.0
G = i 24,0 17.0 5.0
H? 51.0 o 22.0 17.0 5.0
Is : = h9.0 24,0 17.0 5.0

e i R e el L L L T T S ————

- en e e OO0 ee OB e D

*Salt
Mixture

- en Em ED e E3 em £ TD G5 Be S5 Sm 60 S5 e w9 6D

5.0
5.0

5.0

* Steenbock and Nelson salt mixture No.40 ¢+ 0.03% Cus0),, 5H,0 (steernbock and

Nelson, 1923; Pearson, Elvehjem and Hart, 1937).

@ Diet F + 500 mg. of DL-Methionine + 140 mg. of L-Tryptophane
.Diet H + 500 mg. of L-Methionine + 140 mg. of L-Tryptophane

$ Diet G + 510 mg. of L-Methionine + 180 mg. of L-Tryptophane
Diet I + 510 mg., of L-Methionine + 180 mg. of L-Tryptophane

L-Methionine and L-Tryptophane in the diets ¥, G, H and I were incorporated
in such amounts as were essential to meet optimum requirements (Rose,1937;
Block & Bolling,1956; Patwardhan and Ramachandran,1960 and Nonaka et al.,1961),

-f‘L-



Percentage composition of diets

Table 3
.‘Biats‘ g::g:a 32322254 fg;;gﬁd;’:::;:::1.<C§séin ;g:;zh suc;;se 2§gg§§§2§- M:::;:;“
: isolate IR isolate o table oil -
.o T e e e e e ceren et r e rme e e n e
F  70.0.. 3,0 e - - - 17.0 5.0 5.0
K - . 76.6 \ 3.9 - - 16,1 5.0 '5,0
L e e - - 18;0 | 66;0 12.0 5.0 5.0

* Steembock and Nelson salt mixture No.%0 + 0.03%'Cusob,'5ﬂ20
(Steenbock and Nelson, 1923; Pearson, Elvehjem and Hart, 1937).

t
~1
v
8



Percentage composition of diets

Table U

Third series of experiments {Reproduction and lactation studies)

Cowpea Thur dhal Hydrogena- .
Diets g::pia protein Th;i;ggal protein Casein si:;:h Sucrose ted vege- Ma;:i;e
isolate isolate table o0il
M 70.0 3.0 o - - - 17.0 5.0 5.0
N - = 70,0 3.9 - = 16.1 5.0 5.0
0 = - - - 18.0 60.0 1200 5.0 5.0
P 70.0 3.0 - - = - 17.0 5.0 50
Q - - 70,0 3.9 - - 16,1 5.0 5,0
%2 Steenbock and Nelson salt mixture No.40 + 0,037 CuS0), £5H20

( Steenbock and Nelson, 19233 Pearson, Elvehjem and Hart, 1937).

.-91‘-
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RESULTS

The results of studies carried out during the
course of the present investigation are presented under

seperate heads.

FIRST SERIES OF EXPERIMENTS

Data on weekly weight gain of five groups of animals
maintained on the different diets (Diets A, B, C, D and E)
containing raw and autoclaved cowpea and tur dhal respectively,
each at 109 protein level Qre p?eaented in Tables 5 to 9.
Total Weight gain, total food consumed and protein efficiency
values obtained in respect of these studies are detailed in
Tables 10 to 14, The results of nitrogen balance studies are
presented in tables 15 to 19 and data on digestibility
coefficients of dry matter, Carbohydrate, protein and fat

in Tables 20 to 24,

The results indicated are summarised in Tables 25 to

28 and statistically dnalyaed in Tables 29 to 34, Data on
red blood cell, haemoglobin and plasma éfotein concentrations
are detailed in Tables 35 to 45 and summarised in Tables 46
and 47, Statistical analyses of these results are presented

in Tables 48 to 50.

Tables 51 to 55 show data on glutamic-oxaleo acetic
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transaminase and glutamic-pyruvic transaminase levels in
serum and liver samples obtained from rats sacrificed
after 28 days on the respective diets, The results are
summarised in Table 56 and statistically analysed in

Tables 57 to 60,

The liver glycogen contents of animals fed the 5
test diets are set out in Tyble 61 and hummarised in Table
62, Statistical analys¢s of the results is presented in

Table 63,

Data on liver fat and liver protein concentrations
of rats fed the test diets are set out in Tables 64 to 68,

summarised and statistically analysed in Tables 69 to 71.

Weights of liver, spleen, kidney and heart of animals
fed the different diets for a period of 28 days are presented
in Tables 72 to 76, These results are summarised in Table
77 and_statistically analysed in Tables 78 to 81, Values
for caecal weights of animals fed the respective diets for
a-periodias days are given 4n Tables 82 to 86. The results
are summarised in Table 87 and statistically analysed in
TableS88 and 89, Data on weight of pancreas: of the
animals fed the reapacti#e diets are given in Thﬂles 90 to

94. The summarised data are given in Table 95, Table 96

shows the results of statistical analyses,
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In figures 3 and 5 to 9 are represented results on g
growth rate, weight gain, protein efficiency, per cent

nitrogen retention, liver protein and liver fat contents.

SECOND SERIES OF EXPERIMENTS

Data showing the weekly weight gain of 4 groups of
animals maintained on different diets (Diets F, G, H and I)
are presented in Tables 97 to 100 and summarised iq Table
113. Total weight gain, total food consumed and the protein
efficiency galues obtained during the course of the ntﬁdy
are presented in Tables 101 to 104 and summarised in Table
114, Data on nitrogen balance, digestibility coefficients
of dry matter, carbohydrate, protein and fat are presented
in Tables 105 to 108 and 109 to 112 respectively, summarised
in Tables 115 and 116 respectively. The above results are

statistically analysed in Tables 117 to 122.

Data on red blood cell, haemoglobin and plasma protein
concentrations are given in Tables 123 to 131, summarised in
Tables 132 and 133 and statistically analysed in Tables 134

to 136.

Data on liver and serum enzymes and liver glycogen
contents are set out in Tables 137 to 141, summarised in
Tables 142 and 143 respectively and statistically analysed

in Tables 144 to 148,
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Values for liver fat and liver protein concentra-
tions of rats fed the test diets are given in Tables 149
to 152, summarised in Table 153 and statistically analysed

in Tables 154 and 155,

Weights of liver, spleen kidney and heart of animals
fed the different diets are given in Tables 156 to 159.
These values are summarised in Table 160 and statistically

analysed in Tables 161 to 164,

Data on ceacal ﬁeights of animals scarificed at the
end of the experimental period of 28 days are set out in
 Tables 165 to 168, summarised in Table 169 and statistically
analysed in Tables 170 and 171. Data on weight of pancreasc
of animalg fed the test diets are given in Tables 172 to 175,

summarised in Table 176 and statistiecal analyaéa given in

Table 177,

Growth rate, body weight gain, protein efficiency
values, per cent nitrogen retgntion, liver protein and liver
fat contents are graphically represented in Figures U to 9

respectively.
-h‘.\_'_——‘—'\_.__,_.
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THIRD SERIES OF EXPERIMENTS

Data showing the weekly weight gain of animals
maintained on different diets (Diets J, K and L) are
presented in Tables 178 to 180. Data on red blood cell and
haemoglobin concentrations are given in Tables 181 to 186.
Data presented in these Tables are summarised in Table 187
and statistically analysed in Tablés 188 to 190, Tables
191 to 193 present the total weight gain, total food
consumption and protein efficiency values recorded in animals
maintained on the test diets. Data detailed in Tables 191
to 193 are summarised in Table 194 and statistically analysed

in Table 195,

Data obtained on the reproduction and lactation
performances of animals maintained on the different test
diets (Diets M, N, 0, P and Q) are furnished in Tybles 196

to 200 and aressummarised in Table 201.

Statistical analyses of the results

Test diets were given to sufficient number of animals
80 that the results could be analysed by following the me thod
for the analysis o{bono way classification, the numbers of
animals fed each diet and the environmental conditions of
the experimental regimes being the essentially the same.

The differences in effectiveness of the diets were compared
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by computing critical difference where the expression for
critical difference is'to x /2 x B, In this expression

s 3 ¥ ] ]
t_ = the critical value of Gtudents t at the appropriate

0
level of significance, » = the number of replication of a
diet and ® is the mean error sum of squares in the corres-

ponding analysis of variance table.

To compare diets between two experiments, for instance,
raw diet versus heated diet, the significant difference between
variance was first determined with the heip of the respective
Mean Error sum of squares. In cases where there wanreno
sign;ficant differences between variances,IStudent's‘t.waa
used to compare one diet in one series of experiment with any
diet in another series of experiment. Where the variances
were found to be significantly different, Cochpran‘s't'waa
employed to test significant differences between diets belong-

ing to two groups{Snedecor, 1956).



FIRST SERIES OF EXPERIMENTS

Table 5

Body weight in g. of animals receiving diets containing Cowpea and Tur dhal, raw and
autoclaved, at 109 protein level on nitrogen basis

Diet A
T A e s v B R S B 5 A
Rat No. B T Tp—— - s e s e 0 e o ———- e e e 2, v . B B 4 20 2, -
o 1 2 3 l
1 50.0 50.0 51.0 52,0 54.0
2 43.0 451.0 41,0 10,0 40,0
3 58.0 58.0 59.0 583.0 56,0
b 58,0 55.0 52.0 55.0 55¢0
5 50,0 50.0 49,0 51.0 54,0
6 48,0 50.0 50.0 52.0 52,0
7 52.0 50,0 52,0 55.0 56.0
8 57.0 54,0 56.0 57.0 60,0
9 60,0 58,0 53,0 60,0 65,0
10 58.0 56.0 59,0 60.0 62,0
. = R % 54,0 554
Standard * + + _ C_3 ). A
Error 1.77 1.62 1,76 1.86 2,14

e e e N L Lk L L T L L T T T T T T e L L T YT T YT



Diet B
Rat NO:s2 o mmmc o o m oo e e oo o e o e o s e o 20 0 27 e o i e 0 e e e e B

0 1 2 3 4

1 53,0 50,0 50,0 49,0 49,0

2 55.0 . 54,0 54,0 50,0 51,0

3 44,0 41,0 41,0 40.0 40,0

) 54,0 52,0 50.0 49,0 49,0

5 50,0 52.0 55.0 59.0 59.0

6 55.0 57.0 58,0 58.0 59.0

7 60.0 58,0 60,0 61,0 6h,0

8 57.0 52,0 55.0 54,0 54,0

9 54,0 52.0 54,0 56.0 60.0

10 50,0 52,0 52,0 53.0 55.0
Average P 53.; ----------- ;;:a ------------ ;;:; ----------- ;;:; ---------- ;Z:(-) —————

Standard + + + + +

Error 1.35 1.5h5 1.66 2.52 2.22

---------b---ﬂ-------------------—--------------------'“-----------“-“--‘-'---—----------



Diet C

| i e o oo e S ———
Rat No. e e - - i i 2 5 4 5 0 .2 45 S 8 5 5 T S

: 0 1 2 3 Iy

1 40,0 k3,0 55.0 57.0 67.0

2 54,0 59,0 65.0 4350 80,0

3 63.0 69.0 78.0 87.0 93,0

L 60.0 67.0 79.0 88,0 98.0

5 57.0 75.0 97.0 103.0 114,0

6 54.0 67.0 80.0 38,0 97.0

7 56.0 72.0 8740 93.0 97.0

8 50.0 64.0 84.0 92,0 99,0

9 49,0 65.0 85.0 99,0 118.0

10 50,0 66,0 92,0 99.0 109.0
T S 9.3 T €2 - . PERG S G R0 g e

Standard . = + “§ Ly T oa

Errer 2,05 2.32 3.91 i K2 L,.81

---wﬁ—ﬁ--—-—--------------—------—-—n-—-u—----------—c—----ﬂ-ﬂ-—ﬂﬂ—---

-GS-



Table 8

Diet D
T T T T T ke T T
Rat No. - o e e 0 v 0 e e T ettt e e T
1 s8.0 63,0 69.0 .  73.0 - 83.0
2 54,0 63,0 7.0 80.0 87.0
3 54,0 60.0 71.0 6.0 92.0
o 65.0 71.0 86,0 .97.0 - 102.0
5 55.0 | 61,0 - 67.0 :79.0 89,0
6 57.0 64.0  65.0 70.0 78.0
7 43,0 40 k6.0 56.0 62.0
8 43,0 h5,0 47.0 50.0 - 55.0
9 48,0 4.0 N 57.0 63.0
10 50.0 50.0 5.0 64,0  68.0
S > S =" sy
Standard - s N s . s
Brror 297 . 2,93 K22, 5. 92-- ... 4,82

-98-



Diet E
----------- Weeks RiEta - asndmae. .
RAT NO,  commcm o e oo o o o o o o o e i o ot e 0 o i 0 0 e it 0 o o 0 e e e o e 2 D
o 1 2 3 h
1 51,0 55,0 62,0 67.0 76,0
2 56.0 55.0 60.0 66.0 75.0
3 56,0 60.0 70.0 75.0 88.0
4 58.0 ' 64,0 75.0 81.0 95.0
5 55.0 59.0 66.0 70.0 83.0
6 58.0 61.0 67.0 76,0 83.0
7 54,0 59,0 65.0 72.0 77.0
8. 56.0 61.0 67.0 70,0 80.0
9 55,0 60.0 68,0 73.0 82.0
10 55.0 58,0 67.0 770 83.0
Average ¢ 552 ° 59,2 66.7 e 82,2
Standard + ¥ - + =

Error 1.69 0.87 1.21 1.07 1.89

-“Qﬁ—----—-mb-—--—--—-n-----—--------ﬂ—--——-—-_-———__-..-—.—------—.----------u-n-—u-----_--



Table 10

eight gain, feed consumption, protain efficiency values of animals fed diets A, B3 Cs-D
and E at 10% protein level on niirogen basis

Diet A
Initial Final Weight Food Protein Protein
Rat No. weight weight ain - intake intake efficiency
‘ s (g.) . g-) (g.) (e.) value
1 50,0 54,0 h,0 116.0 11.6 0.3%
2 43,0 ho.0 =3.0 118.0 11.8 =0,25
3 58.0 56.0 ~2.0 106.4 10.6 -0.19 2
h 58,0 : 55,0 -3.0 135.9 13.6 -0.22 o
5 50.0 54.0 4,0 137.7 13.8 0.29 l
6 43.0 52.0 4.0 5.4 14.5 0.28
7 52.0 56.0 o) 1l by 14.4 0.28
8 57.0 60.0 3.0 1h8 .7 14.9 0.20
9 60.0 65.0 5.0 136.8 13.7 0.36
10 58.0 62.0 h.o 140 .1 h.h 0.28
CF i S . e - g - 1933, 13.3 0.1k
Standard + + + + + +

‘-------‘-ﬁ------ﬁ-----------ﬂ--—----—-----------—“-----------‘---‘ﬁ--—ﬂ—ﬂ---w—--------ﬂ--



Table 11

Diet B

- | Initial Final wt;é;gi.;t Food . -----Prot;;n.----‘-;;re;n )
Rat No. welght veight ain intake intake ~ efficiency
{e.) - e.) (g.) . (g.) (g.) value
1 $3.0 ho. -l 0 121.0 12,1, =0.33
2 55.0 51.0 4.0 11,0 LN «0.35
3 44,0 %0.0 =b,0 - 108.0 10.8" -037
h 54,0 k9.0 =5.0 1120 11.2 =045
5 5000 3900 . 9;0"0 1 !"8 ° 2: 1" 98 O. 67
6 55 Q./o,' 59.6 u .0 133 ° 9 1 3 e l" 00 30
7 60,0 64.0 4.0 163.5 10.5 - 0.98
8 57.0- 54.0 -3.0 131.0 13.9 -0,23
9 54,0 60,0 6.0 136.8 13.7 0.4k
10 50.0 53.0. : 5.0 116.8. 11.7 0.h3
Average € 53.' 2 ‘54,0 c.).s 122.5 - 12.3 | 0.05
Standasd + +
rre .35 2.22 1. 2;6 &, 5& o,ﬂs 0.4

‘-----‘--"--------"---------t‘- --ﬂ-ﬂa-----.‘.---..---------‘--ﬂ-ﬂ----



Table 12

Diet C
"""""" . T wnwbat Ped | Fooein | - mmtetaty
Rat No. weight weight gain intake intake efficiencye
(g.) (g.) (e.) (g.) (e.) value
1 40.0 67.0 27.0 11,0 1h .1 1.91
2 54,0 80.0 26.0 172.0 B 1.51
3 63.0 93.0 30.0 150.0 15.0 2.00
k 60,0 98.0 38.0 125.0 12.5 3,04
5 57.0 114,0 57.0 205.0 20.5 2.78
6 54,0 97.0 43,0 190.0 19,0 2.26
7 56.0 97.0 41.0 182.4 18.2 2.25
8 50,0 99.0 49,0 184.93 18.4 2,66
9 49,0 118.0 69.0 203.3 20.3 3.39
10 50.0 109.0 - 59,0 20h4.2 20,1 2.89
B 5 e - M.e | Wl 198 2.47
Standard + + % + + +
Error 2.05 4,81 4.59 28,51 0.89 0,18

ﬁ-----------ﬁ------———-—-—--—ﬂ--—---------—--————-——ﬁm-----—-——-—--——-—--—--ﬁ--———-—-------
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Diet D
Initial Final Veight ;‘;;c-i ------- 1:;;;.;;1-1 --------- ;;;;;i-_r-;--
Rat No. weight weight gain intake intake efficiency
(g.) (g.) (g.) (g.) (g.) value
1 58,0 83.0 25,0 170, 1 170 1.47
2 54,0 87.0 33.0 179.6 17.9 1.84
3 54,0 92.0 38.0 193.8 19.h 1.96
5 65.0 102.0 37.0 239.4 23.9 1.55
5 55.0 89,0 34.0 Y%7 17.6 1.93
6 57.0 78.0 21.0 171.0 171 123
7 43,0 62,0 19.0 1776 17.8 1.07
8 43,0 55.0 12.0 146.3 14.6 0.82
9 k3.0 63.0 15,0 177.6 17.8 0.84
10 50,0 68.0 18,0 194.7 19.5 0.92
Average ¢ %2.7 ) 77.9 25.;‘- E 182.6 18.3 1.40
Standard + - + + i +
Error 2,77 h,82 3,03 7.61 0.75 0,74

S S e e e S S5 I T S I e S S S S W SN S S G MR e D S S WD D UD s ED me O e R S e eSS e G G5 S TS D NS GS G S D S5 S NN O3 S5 S5 mm SR Es G5 S5 ER AR ED ES TS AD SR SR ED Sw Em am SR s dn 65 e e e e



Diet E
""""""" G T daigt Fesd L Protetn’ -0 Protsin
Rat No. weight weight ain intake . intake . efficiency

ge (&) ge) (g:) (&) value

i 51.0 76.0 25.0 159.6 15.9 1.57

2 56,0 75.0 19,0 134,9 13.5 1. 01

3 56,0 88,0 32,0 175.8 R 1.82

k 58.0 95.0 37.0 176.7 177 2.09

5 55.0 3.0 23,0 138.7 13.9 2.01

6 53,0 83.0 25.0 151.1 15. % 1.65

7 54,0 77.0 23.0 182.0 18.2 1.30

8 56.0 80.0 24,0 176.6 i o7 /g 1.35

9 55.0 82.0 27.0 168.4 16.8 1.61

10 55.0 83.0 28,0 181,6 18.2 1.53

B 550 O §8:4 . 2920 26.8  16k.5 16.5 1.63

Standard + + + & + +

Error 1.69 1.89 157 5.56 0.56 0.08

------------ﬂ--—---ﬂ----—ﬁ-----—ﬁ—-_-‘--—n---—-——.---———ﬂ-—---—ﬁ——ﬁ---—----—n-—-----—-—-----
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Table 15

Nitrogen balance studies

Diet A
RN e B o i o g ity MUY
Rat No. Vgight surface e balance mg,/100 Percens. N,
in g. (4 days) Urinary Faecal Total S e retention
: cm mg. MEe mge. mMge. surface
1 54.0 137.3 256.0 140,0 87.5 227.5 A 5.2 T
2 40.0 113.7 216.0 161.0 71.8 232.8 4,2 3.7 -7.8
3 56.0 140.4 22h.0 203.0 71.8 27h.8 =12.7 -9,0 -22.7
b 5550 138.9 240.0 147.0 110.0 257.0 =b4,2 -3.0 -7.1
5 54.0 137.3 353.6 290.6 78.4 369.0 -3.8 -2.7 -h.h
6 52.0 134.3  320.0 180.5 84.0  264.5 13.9 10.3 173
7 56.0  1ho.h  248.0 164.5 51.8  216.3 7.9 5.6 12.8
8 60.0  146.3  340.0 248.0 62.3 310.3  7.h 5.1 8.7
9 65.0 153.5  320.0 232.0  53.9 285.9 8.5 5. % 10.7
10 62,0  148.3 336.0 22h.0 94.8 318.8 %.3 2.9 5.1
Average & 55.%  139.2 285.h  199.1  76.6 - 275.7  2.b 1.6 2.4
Standard 2 £ * * ! . + - *
Error 2.14 p.ug 16.83 15.79 5.78 8.11 2.59 1.88 3.93

- £6 =



Diet B
W roper-Ti Excratigf-gf-ffz:l-- Nitrogen
. w:igl;f Bg;d;%c’ (tn;:!;: ) Urinary Taecal Total ::;:;:‘g;m z;;l/‘?g; l;: :z:::oi .
R
1 49.0  129.5  18h.0 304.5 91,5 396.0 -3.0 -2,% <341
2 51.0 132.6 360.0 282.0 89.4 3711 -2.8 -2,1 -3.2
3 4o.0 194 .7 376.0 399.0 101.3 410.3 -8.6 -7.5 -9.1
L 49,0 129.5 328.0 227.8 92.7 320.5 1.9 1.5 2.3
5 59,0 144, ¢ 400.0 24k, 0 88.% - 332.k 16.9 1.7 16.9
6 59.0 1hé. 8 296.0 20,0 . 65.h 269 .U 6.6 h.6 9.0
7 64,0 152.1 206,0 220,6 58,2  273.8 4.3 2.8 5.8
8 5h.0 137.9 248,0 170. % 75.6 246.0 0.5 0.4 0.8
9 60.0 146.3 280.0 180.9 84,5 265.4% 3.6 2.0 o 15
10 55.0 141.9 368.0 253.0 127.0 380.0 -3.0 2.1 -3.3
Average S 5h.0  135.0.  333.6  239.6 87k 537.0 1.6 P —
Standard + + + + + + + + +
Exrror 2.22  3.4% 16, 22 15,29 6.05 19,01 2.20 1.5¢ 2.36

Table 16

-{16-



- Table 17

”niét c

T T e "u.";;;;;'é;;'ﬁ';;;;i"“"’“""”“&EZ;;;;;““ """"
S A Nitrogen : N twory
. ‘Body Emeeeressmsecvceessceesse Nitrogen balance .
Weight _ intake Percent N,
Bat No. in g. surgace (4 days) Urinary ‘Faecal Tbtal bg%7gce m32/1°g retention
S . - cm mg. mg. mg. mg mg./ cay _ cm ody
: ~ . ) - surface
B -67.0 : 'ts§;3 ”35;;0 %65.h 38,8 “~10k.2  "61.9 "39.6 704
2 80,0  .173.9  368.0 '36.6 17.8  s4.h 78,4 U541 85.2
3 '93.0 190.3 - 416.0 82.1 17.0 69.1 86.7 85.6 - 83.4
b 98.0 .196.3 50k.0 82.4 34.5 116.9  96.7 ho.3 76.8
5 1140 215.0 46,0 38.0 26. 1 6.1 87.9 40.9 84,6
6 97.0. . 195.1  528.0 1.5 19.3  60.7 116.8 59.9 88.5
7 97.0 - 195.1 ' 352,0 51.4 21,1 72.5 69.9 1 35.8 80,1
8 99.0 = 197.5  208.0 32,0 18,3 50.3  .39.h 1929 75.8
9 118.0 219.5 . 304,0 24,0 33.0 57.0 61.7 28.1 81.2
10 109.0 207.2  388.0 62,2 20.1 82.3 51.4 " 2h.8 “71.b
Averag; c-97:--- -153-2----§;§.---- “is. 5 Eh 6 73.1 7541 38.9 :79.7
Standard .- + 2 2 & X 4 . -
Error 4,81 -v7.zo 30.73 5259 2.53 6.95 7.25 3.83 1.91




Table 18

Diet D
Bod Nitrogen .E:-ffffffigf-ff-ffZ:l-- Nitrogen ﬁii:ﬁ:ﬁ“
Eat Ne. V::sz g (i“ﬁﬁﬁi) Urinary Faecal Total 2§f;g:; 352/523, iiiﬁiifoﬁ'
cm mge Mg mg. mg. surface
1 83.0 177.7 hoh b 150.5 96.6 2h7.1 61.8 34.8 50.0
2 87.0 182.8 461.4 113.9 50,3 164.2 74.3 40.6 64. 4
3 92.0 189.0 4oh h 125.4 6% % 1931 75.6 40.0 61.1
4 102.0 201.1 holi b 154.5 75.4  229.9 66.1 32.9 53.9%
5 89.0 185.3 510.8 108.8 54.0 163.8 85.5 46.1 67.0
6 78.0 171.2 477.9 168.7 107.53 276.2 50,k 29.4 h2,2
7 62.0 149.1 576.8 204 .4 116.9 321.3 63.9 42.8 44 .3
8 55.0 138.9 461.4 129.0 78.8 207.8 63.4 5.6 54.9
9 63.0 150.5 576.8 135.0 140.5 275.5 753 50,0 52.2
10 68.0 157.7 hok 4 187.0 60.4 2h7.h 61.7 39.1 59,9
Average  77.5  170.3  Sok.3  1h7.7 84,7 233.0  67.8 5041 53.9
Standard * & > & + + } b b=



Table 19

Diet E
R Sl i e e it g
Bk W0 U:;g:f aurgaca (inggﬁz) Urinary. Faecal. Total 231?329 mgz/log izzzzzzoﬁ.

- cm mg. - mg. _ mg.  mg. 25 ¥ :ErfaZeY
1 76.0 168.6  1430,0 266.0 ~ 23.8 289.8 8.5 28,2 39,6
2 75.0 176.2 448 ,0 186.6 37+9 22h.5 55.9 33.4 49,9
3 88.0 1841 528,0 152.4 59,4 211.8 79.0 42,9 59.9
b 95,0 192.7 £40,0 108.8 99.5 208.13 107.9 55.9 67.0
5 8508 1777 4380.0 189.3 77.6 266.9 53.3 " 30,0 Wi b
6 83.0 177:7 528.0 141.3 87.9 229,2 747 42,0 56.6
7 77.0 109.9 533.0 164.5 54,8 219.3 78.4 h6.1 58.8
8 80.0 173.8 436.0 128.4 39.9 168.3 66.9 38.5 61.4%
9 82.0 176.4h 468.0 254,9 6.5 319.4 7.2 2151 5%
10 83.0 727 546.0 151.5 57.0 208.5 84, b 47.5 61.8

------—ﬂ‘------’----------‘------ﬂ-----

—---—--—----——-———--—---—ﬂ-ﬂ------ﬂ———-——--—--ﬂ----
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Table 20

Digestibility coefficients of dry matter, protein, carbohydrate and fat
in diets A, B, C, B and E.

Diet A

Rat No. Drymatter Protein Carbohydrate Fat

1 87.5 65.8 89.1 90.3

2 90. 4 | 66.7 91.2 ' 91,4

3 90.0 67.9 93.8 89.3

L 90,0 54,2 87.h 87.7

5 86.3 77.8 ' - 89.4 - 93.3

6 88.5 73.7 89.5 92.8

7 89.6 79.1 . 87.6 93. 1

8 35,9 81.7 87.h 89.9

9 87.5 93.1 90.5 90.0

10 89.5 71.8 91.5 90.5
e i 5;:5 -------------- ;;:; -------- 59.7 90.8
Standard + kD + +

-ﬂﬂ----—-----ﬂ------—----‘---—-----.ﬁ-----—-----ﬂ——--ﬁ--—-m—--—-m--------—-————-----—--—--—



Table 20

Diet B

Rat No. Drymatter Protein Carbohydrate Fat

1 937 75.9 89.4 90,1

2 89.3 752 875 87.1

3 91.% 73.0 35,4 39,9

L 836.73 7659 8hL,s 90,4

5 76.1 77.9 24,5 35.6

6 7h.6 77.9 922.3 36.8

T 82.7 80.3 91.h 87.1

8 78.7 69.5 89.5 90.4

9 88.0 69.8 33.6 20,3

10 89.5 65.5 87.9 89.9
Average © 8s.0 ez 39.1 88.8
Standard s * +

D D S S AD D e D ED S S e e e e S O G S T D T e e D OD D S S D S5 S G5 D S5 G0 SO S5 D En ED S e S5 aP Se 55 S TS AR G S S8 55 SR e S sS ER S S S S S5 O S5 S5 O A G T S S G e W o 6 S ey o
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Diet C
Rat No., Drymatter Protein Carb
1 97.3 85.3
2 98.8 93.3
3 96.8 90.2
b 91.5 90.3
5 97.3 88.7
6 93.3 89.5
7 94.5 99.0
8 96,8 99.4h
9 95.3 96.5
10 89.9 96.5
Average ¢ LESACES. ;;:; ------------- ;2:; -------
Standard + *
Error 0.89 1.52

e e e ——

ohydrate Fat
95.4 93.5
9k, 6 96,7
96.5 88.8
oL, 8 20. 4
89.8 %91.3
90. 4 9h,3
95.h 92,0
96,8 90,8
94,3 91.3
92,1k 39.k
oh.o 91.8
+ 4
0.76 1.61

“ 00—



- 101 =

= (0L =

Diet D

Rat No. Prymatter Protein Carbohydrate Fat

1 96.6 80.5 90. 4 91353

2 95.3 8951 95.h 90.8

3 90.6 86. U4 91,5 88.9

] 96.0 84,7 89.5 90,0

5 92.4 89.4 90.5 91.3

6 9k, 1 77.5 s4.5 89.5

7 95.7 797 88.6 86.3

8 95.0 82,9 83.6 85.4

9 96.2 75.6 05.h 92.5

10 96,6 87.8 92.8 95 1
Average ¢ T enls T agghh 91.2 90.1
Standard + 4 @ +
Error 0.63 1.55 1.14 0,90




Table 24

Diet E
Rat No, Drymatter Protein Carbohyvdrate TFat
1 90.6 95.0 91,4 88.9
2 90.7 91.5 92.3 91.3 y
3 90.3 88,7 89.h 90.4 -
A 902.2 8111 91.3 93.3 S
5 91.3 83.8 ok b 95.9 .
6 91.3 83.3 93.1 94,6
7 9045 87.8 93. 4 93.5
8 9k.2 95.4 90.3 91.8
9 90.4 91.6 91.2 oh,3
10 89.6 92.5 88.4 89.8
g . s J2.0s 89§ Se-er & obss  TieZr 9027%-9:
Standard £ + + +
Error 0.53 1,42 0.58 2.18



Table 25

Summarised data* on body weight recorded in respect of groups of rats maintained

on diets A, B, C, D and E

(vide Tables 5 to 9)

S S D S G T S ST e ms S AR am e WS S S S S W e 53 S

Weeks
Diets gr‘:im:{s 1:::;33 g e e P T e A e el
0 1 2 3 L

A 10 133. 4+ 53.4% 52,24 52,74 54,04 55,4+
4.50 1,07 1.62 1.76 1.86 2,10

B 10 122.5+ 532+ 52.04 52.94+ 52.9+ 54,0+
h.54 1.3% 1.h5 1.6 2.52 2,22

e 10 175¢7i 53.3i 65-24' 80.2_-!_—_ 87-7‘4_' 97-2_1'_
‘8.9% 2.05 2,32 3.91 b 42 4,81

D 10 182.6+ 52.7+ 56.8+ 62.8+ 712+ 77:9%
7:61 2.7 2.73 4,22 5.72 4,82

E 10 164,54+ 55«2+ 59,2+ 66.7+ 727+ 82,2+
5.5 1.69 0.87 1.21 1,47 1.89

* Mean values (10 amimals/group) with standard error.



Table 26

/ Summarised data* on body weight gain, food consumption and protein efficiency wvalues
recorded in respect of groups of rats maintained on diets A, B,
Cy D and B (Vide Tables 10 to 14)

-----w—---—-----1--------—--m---—---—-uﬁ--—--——----------—u——--—-———u--a--------—------—-—ﬂﬁ

No. of Initial Final Weight Food Protein Protein
Diets animala body body gain intake intake efficiency
weight(g.) weight(g.)  (g.) (g.) (g.) value
K. . 10 53 b+ 55.l4 2,00+ 133.4+ 13¢3+ 0.144
_ 1.77 2.1% 1.03 .50 0.46 0.08" .
B 10 53. 2+ 54,04+ 0,804+ 122,54+ 12,3+ 0,05+ =
1.35 2.22 1.h6 _h.BE 0o.h8 0.1k '
c 10 533+ 97.2+ 43,904+ 175.7+ 17.6% 2,474
2,05 4.81 k,59 8 .95 0,89 0,18
D 10 52.7% 779+ 2520+ 182,64+ 18.3+ 1.0+
217 h,82 3.03 7.61 0.75 0.1
E 10 55.2¢ 82,2+ 26,80+ 164,54+ 16.5+ 1,63+
1.69 1.89 1457 5.56 0.56 0.08

B e e T s Lt L g A S S A PR S ——

% Mean values (10 animals/group) with standard error.



Table 27

&//// Summarised data* on nitrogen retention recorded in respect of groups of rats
maintained on diets A, B, €, D and E
(Vide Tables 15 to 79)

LA ey - ot - N. Excretion (4 days) Nitrogen
; Nitrogen e e < an g :
Diets Weight sgigzca intake” = ﬁi:rzgan bgla?gg Percent N.
in(g.) > (4 days Urinary TFaecal Total ma ?dze :ﬁz/bod retention
cm mg{) mg. mg. mg. gf _ y surfacey
A 55.h¢  139.2+ 285,44 199.1+ 76.6% 275.7+ 2.hs 1.8+ 2. 44
2. 0.4 16.83 15.79 5,78 8.11 2,59 1.88 3.93
B 54,064 13%.04 333.6+ 239.6+ 87.h+ 327.0+ 1,62 1.4+ 2.1+
2.9 3.4% 16,22 15.20  6.05 19,01 2,20 1.5% 2.36
c 97.2+ 194,64 373.6% 48.5+ 2h,6+ 73.1+_ 75.1% 38,94+ 79.7+
L.81 7. 20 30.73 5.59 2.5%3 6.95 725 3.83 1.91
D 77.9+ 170.3+  50h4.3+ 147.7+ 8h.7+ 233.0+ 67.8s 40,14 53.94+
h.82 6.43 13.05 9.95 9.40 16.01 3.0F 2,02 2.58
B 82.2+ 171.5+ 508.7+ 174 . b+ 60,24+ 23k .6+ 68,54+ 38,64 53. 14
1.89 7¢13 18.92 16.39 7.38 13.9%  6.55 3.30 3.59

*Mean values (10 animals/group) with standard error.



Table 28

Summarised data* on digestibility coefficients recorded
L in respect of groups of rats fed diets A, B, C, D & E.
(Vide tables 20 to 24 )

Diets Dry matter Protein Carbohydrate Fat
A 88.5+ 72.2+ 89.7+ 90.8+
0.51 2.79 0.65 0.57 .
B 85.0+ 737+ 89,1+ 88.84+ o
223 1.95 0.97 0.51 :
c 95.1+ 92.94+ 94,04 91.8+
0.89 1.52 0.76 1.61
D 94 .84+ 83.4+ 91.2+ 90. 1+
6.3 1.55 1.14 0.90
E 91.14+ 89 .4+ 91.5+ 9.k
0.53 ].142 0.58 2. 18

*Mean values (10 animals/group) with standard error.



Table 29

Analysis of variance-Body weight gain in g.

Source df. ss. MSS. F.
Between diets L 13367.92 3341.98 hs, 64
Error s ' 3295.70 73.24
Total B9 16663.62
* Significant at 1% level.
Critical difference
8.k2 at 54 level
11.09 at 14 level
B = 0.80 ¢ = 43.9 = 25,2 E = 26.8

Mean values:
A = 2,00

= Lo} -~



Table 30

Analysis of variance-Protein efficiency values

Source daf., S5. MSS. F.
Between diets L h2,56 10.6h 62,59%%
Error Iy Y iM 0.17

Total Lo 50,27

*#% Significant at 14 level.

Critical difference:

0.32 at 5% level
0.42 &t 1% level

Mean values:

1.40 163

- 801



Table 31

Analysis of variance-% Nitrogen retention

Source ’

ar. SS.
Between diets L 47812.30
Error $a 5 3981.57
e
ho . 51793.87

Total

*#%* Gignificant at 1% level.

Critical difference:

7.24 at 54 level

9.53 at 1% level

Mean values:

A =24

B = 2.1 C = 79,7

11953.07
88.48

----—---——--—-——-—-—u------.--t-b--—q-u-u.-—--.-.—---——-u—-----u-—ﬁ--——u----

53.1

]

D = 53.9 E

et N e L b S ———

135.09%*

= 60} =



Table 32
Analysis of variance-Digestibility coefficient of carbohydrate

Source a¥. S8. MSS. F.

Between diets L 145,67 36.42 5.06%%

Error hs 323.53 b 19 .

Total Lo 169,20 5
i G et it el i e S e e o i el s o S s s e A o o S i T i r b il L e 0 6 il S R s«

*% Significant at 14 level.

Critical difference:

2.3k at 54 level

3.09 at 1€ level

Mean values
A = 89,7 B = 89,1 C =94.0 D =9t1,2 E =91.5



Table 33

Analysis of variance-Digestibility coefficient protein

e D S D s R ER s e S ED D D S e nn e S e e S S R W S e

Source df. , SS.
Between diets L 3198,.08
Error ks 1581 .94
Total Lo k785,02
2% Significant at 1% level.
Critical difference:
5,01 at 5% level
6.59 at 1% level
Mean values
c = 92&9

A =72.2 B = 73.7

D=B3.h

E

KLt =



Table zh

Analysis of variance-Digestibility edefficient fat

Source daf. : SS. MSS. F.

Between diets L 82,278 20,569 3,08 *#

Error I _ 232,662 5.17 i

Total ho 31h.9k0 >
$

*% Significant at 142 level.

Critical difference:

3.53 at 5% level
h.65 at 19 level

Mean values

A = 90,8 B = 88,8 C = 91,8 D = 90,1 E =91.4



Table 35

Red blood cell concentration of animals receiving
diets A, B, C, D & E.

Piet A
(R.B.C.in millions/mm>)

R ————————————————e S AR ettt e

Weeks
RATL NO: cocmcmcacamcmme—— e e 6 0 o e S D e e e e e 2
0 1 2 3 I
T e B T =~ e e e T R S SR
1 7.01 7.0k 717 7.61 7.70 E,
2 6.36 . 6.48 6.55 6.58 6.95 g
3 6.19 6.08 7.01 7.94 779
k By o - 7.32 7451 7.86 7.81
5 6.5h 6.58 6.61 7.05 8.16
6 7.0h 721 7.64 8.01 8.3h
7 6.6h - 6.65 6.82 7:51 7.9h
8 6.32 6,45 6.68 6.82 709
9 7.04 .12 7.5h 8.01 8.25
10 6.68 7.01 7.1 T 52 7.65
Aver;;;-g --------------------------------------------- s oo o
Standard error 6.69+ 6.79+ 7.094+ 7.49+ 7772
0.10 Q.13 0.13 0.16 0.14

ot i Aot o A <t A gt o S e e S O S S s A O g A D D S A A S i | St St D S - A A S A D S G G S D 0 RS S S o 8



Table 36

Diet B
(R.B.C.in millions/mm>)

---—-ﬂu--------———----ﬂu--ﬁ---————ﬂ-ﬂﬂ---------—-————---m_------—p—-—ﬂ---——-——-—---—w--——-

Weelks
Rat NOy ~mmccmccm e e e e e e e c e c e e m e —— e —————————
(6} 1 2 3 L
1 6.52 6.57 6.93 7.06 7.146
2 6.12 6.21 7.02 7e53 7.91
3 6.41 6.59 7.02 7.89 7.86
b 6.34h 6.91 7.18 7 4k 7.48
5 6.82 7.0k 7. 21 7.56 7.84
6 6.5 7.02 7.42 7.6h 8.12
7 7.12 7.46 7.56 7.82 7.88
8 7.56 7.67 7.7k 7.81 7.94
9 7.21 7.30 7 .42 7.58 8.19
10 7.51 7.80 7.84 7.86 7.88
Standaza o Lol e s i

Error

DD S N TR D D e Cn S5 e GRS ) e S S A S S I S O e e e S D e e S e S s SD S S S5 T S Se e S e 5 S S B S0 ST BN S S5 e B S S A D e S e Sn SS SS S LS SR e e e S S e S e S S e e em e =

- fLlL =



Table 37

Diet C
(R.B.C.in millions/mm>)

-ﬂ--‘--—-ﬁ--ﬂ-ﬂ—-----&-----—-—--——--—--------ud——--ﬁ—-----4—--—-——un—--—u—-----------ﬁ———-—m-

Veeks
Rt NO. o e e e e e e oo
0 1 2 3 L

1 6.01 6.19 6.h6 7.03 7.08

2 721 726 754 7.85 8.13 i

3 7.1h 7420 746 7.62 7.69 I

4 7.43 752 7+53 7.64 7.82 A

5 7.54 759 7 .64 783 7.91

6 7.58 7.38 8.02 8.19 8.28

7 7.64 7.89 7.88 Bon2 - 8.3h

8 7.66 7.82 8.30 8.25 ° 8.h2

9 7.46 7.50 7.68 7.86 8.01

10 7.66 7+78 8.09 8.15 8.h45
T Y SRR SES—"

--—-----------—---ﬁ-—---'-———ﬂ---ﬁ—--uﬂ------n—-------—---———--ﬁ-ﬁ--------—-——--—---—-----—--



Tabie 3%
Diet D

(R.B.C.in millionq/mm3)

Weeks
Rat NOo. socccccmcmm e s a s e e e e e e e e e o o e o
4] 1 2 3 L

1 7.01 709 7o 41 779 8.30 J

2 7.82 8.02 8,24 8.39 8.34 g

3 7.68 7458 7.90 8.09 8.35 ;

b 7.59 7.91 8,15 8:.22 8.44

5 7.61 7.84 8.h6 8.6h 8.36

6 7.81 773 7.60 8.03 8.21

7 7.52 o2 7.90 8.02 8.55

8 7.69 7.79 7.68 7.86 3.01

9 7.0h 7.15 7+.21 8.22 8.33

10 7.25 7.45 7.94 8.46 8.55
Average & o T TR o et 3 R i o -y 8.34s
Standard 0.09 0.09 0.12 0,08 0.05

Error

5 3 T . .~ - g . - - -, 6 £ - . s eSO e S O A e B e S e e



‘--*-ﬂ-----—------.-ﬁ‘——-q----—-—-----ﬁ----.-----_—m--—---—'ﬂ--——-n-ﬂ—---—-- ettt et e K

Weeks
Rat No, =cocmmcmcmccccccc e c————— e e e o
0 1 2 3 b
1 7.43 759 7.68 8.10 8..96 :
2 7.63 7.90 8.17 8.10 8.48 s
3 781 7.83 797 7.45 775 i
4 7.38 7+90 8.49 S. Ul 8.13
X 7. 41 7.52 7.61 7.78 7+98
6 7437 7.48 8.08 8.12 8. 41
7 7.48 7.50 7.6h 7.70 7.86
8 7.60 7. 6% T 73 7.82 8.20
9 7.+38 7.82 7.43 7.54 8,00
10 7.52 7.84 7.85 762 7.64
Average ¢ , E 3.1k
g:::i?rd 32333 32331 nggi Z;fgi 0.131



Table 4o

Haemogleobin concentration of animals receiving diets A, B, C, D and E

Diet A
e et o S e~
Rat NGO, eccccccmccmcccorcnacr e cn e e cnonennn-nen oo ————-————— - cmccceccanen
o 1 2 3 b
1 13.4 . Py 13.6 13.8 13.8
2 13.2 13.4 13.6 13.6 13.7 :
3: 13.4 13.3 13.6 13.8 13.8 &
4 13.5 (o 13.8 14,1 1.4 '
5 14,0 13.9 1ho1 14,2 14.3
6 13.5 13.8 13.6 1 s P d 14,1
7 13.4 13.5 13.8 14,1 14,2
8 132 13.3 13.3 13.4 14,1
9 13.5 1h.1 14,2 14.3 1h.5
10 13,9 14,1 14,1 14,2 14,4
Average c 3 h.
Standard X X EX) X Y0108



Table 41

Diet B

‘ . gat'; Nq. -----”?-.,-.-_,.,-.‘.,-_-_“-,??-‘..?‘,--_-----”------'--------- --------------- T T X X L 1 2 J
o - - »»1- - sos e . .2_.: — e - . 3 _ " .

3.3  13.6 - 13.8 13.8 Vh.b
13.5 13.7 14,1 hoh 14.6
13.8 14.0 13.8 14,6 14.8

13.2 13.3 13.2 13.% 13.4
13.8 13.7 13.9 14,1 14,2
13.5 13.7 141 14,5 14,6
13.4 13.5 13.7 13,7 14,1

,15.5‘ _15}6 13.8 1h!3 14,7

13.2 13,5 13.7 13.8 .2
b, 1 1,2 14,2 14.3 1.6

- 61t -

O N0 XM I AWt N -

ah

A O AP B A D AU e P O G S G D A G D U AN e G @ G S G S5 &0 A G S e - e b aw G e» O 65 @ B 1> D O 5 T S5 b TP D 4D Eb 5 EB S5 W > W S - > e» a» W @ o o > 5 S > o

Average C L ' e S e e em e
- i 0.09 0.08 0,09 0:12 0.13

T . T



Diet C
"""""""""""""""""""""""" o - A e R R R A L
Rat NO, ccocccoccamccmm o e o m e oo oo e o e - - e o - - - - - -
0 1 2 3 L
1 14,0 14,1 14,2 14,0 1h. 4
2 13.5 137 13.8 13.4 14,5 '
3 13.6 13,7 14,8 14,3 13.5 §
b 1343 144 14,4 1.6 14,5 )
5 13.8 15,0 15,2 14,5 15,0
6 14,1 14,2 14.3 14,2 1he5
z 13.5 14,1 14,2 13.8 14,6
3 13,2 13.3 13.9 14,0 14,6
9 13.6 13.8 1h.1 14,4 15.0
10 13.4 13.6 13.8 14,5 14,8
Average ¢ p 1.3+ 1h .54
Standard 55 bl o i i

.-------‘-—----ﬁ—----ﬁ----—--‘-—-*-------------------------ﬁ--



Diet D
' e e e e i
RAE NO. o m o e e e e e e e o e e o e e e 0 0 - .
o 1 2 3 L
1 13.3 13.6 1h1 14,5 15.0
2 13.7 13.9 13.6 14,0 14,1 :
3 14,5 14.8 15.0 15.0 15.0 e
4 14,6 15.8 14.5 14.0 14,1 b
5 3.1 13.9 14,2 14.4 14,6
6 1.7 13.9 14.0 14,5 14.8
7 13.7 14,0 14,7 14,7 14,6
8 14,6 15.0 15.0 15.0 15.0
9 13.8 1.0 14.5 1h.5 15.0
10 13.3 13.6 14,1 15.0 15.6
Standard’ i o i - o

i i R e e e e R el



Diet E
" SaeeE S BERG vt i e e e o &g
Rat No, ee-cccecce- cemm———— —mmemccesa———— cmmeemmn e e mmem - R — cve
0 1 2 3 b
1 13.2 13.2 13.6 14,0 1h,5
2 1h.5 1h,2 14,0 14,5 15.0
3 13.7 13.8 14,0 14,5 15.0 '
L) 14,2 14,5 14,5 14.5 15.0 §
5 13.8 13.8 14,1 14.5 14.8 [
6 1h.1 1h,2 14,5 15.0 15.1
7 13.h 13.5 13.8 14,6 14,8
8 1h,1 14,5 14,6 14.8 14.8
9 13.7 1h.6 15.0 15.4 15.6
10 14,5 15.0 1h.8 15.0 15.3
Average c , ! a
Stendard "0 "3 % 'o.7 o



Table 45

Plasma protein concentration of animals maintained on Diets A, B, C, D and E
(values in g./100 ml.)

---&ﬁ---------ﬁ-----------—‘-—ﬂ-‘----------—-—-----~‘-‘----hh—--‘---—m—n—--u--——-—--n——

Diets
Rat No, eeccccccmcccccmccmcncc e cccc e n e c e cnr e m e e e e nac o —n - - ——————————————
A B C D E
1 6.2 5.6 6.8 6.1 6.6 b
2 5.8 6.2 6.2 6.5 6.0 o
3 5.6 5.8 5.8 6.6 6.2 ,
4 6.3 5.8 70 5.8 5.8
5 6.0 6.2 6.4 6.0 6.0
6 6.4 6.0 6.2 6.2 6.1
¥ 5.8 5.8 6.6 6.3 6.3
8 6.0 5.9 6.8 5.9 5.7
o 6.3 6.1 6.4 6.5 6.1
10 5.8 6.0 6.3 7.0 6.4
Standard ey i o & 61k

Error

R e T L L L L L L L T T T T T T T T S o T o T T e



Table 46

Summarised data* on red blood cell concentration recorded in respect of groups
/ of rats maintained on diets A, B, C, D and E
»/ | _ (vide Tables 35 to. 39)

R.B.C. in migtions/mm>

WVeeks LA
Diets No.of RS R S A AN NS s R ST Tt s s S C s
animals o 1 > q I
A 10 6.69+ 6.79+ 7.094+ 7.49+ 7.77+
0.10 0.13 0.13 0.16 0.14%
B 10 6.854+ 7406+ 733+ 7.62+ 7.86+
0,14 0.16 0.09 0,08 0.23
C 10 7.33% 7. 1464 7.66+ 7.85+ 8.01+
0.16 0.16 0.15 Q.12 0.1
D 10 7.50% 7+ 634 7.85+ 8.17+ 8.344
0: 09 o'o9" o \% o Of 0- 05
E 10 7+50+ 7. 70+ 7.864 7.67% 8,14+
0,07 0.05 0,10 0.10 0.13

* Mean values (10 animals/group) with standard error.



Table 47

v// Summarised data* on haemoglobin concentration recorded in respect of groups of
rats maintained on diets A, B, ¢, D and E

(Plasma protein and haemoglobin in g./100 ml. average values)

No.of Plasma

Dieta . ----------_-------—------------—---..q;--‘-------_- ------------ =

animals Protein o 1 o > 3 3 1

& 10 6.0+ 13.5+ 13.7+ 13.84+ 13.94 h.1e

0.18 0.09. 0,09 0,09 0,08 0,08

B 10 5.9% 13.5+ 13.7% 13.8+ 14,14 1h,be

0.2 0.09 0.08 0,09 0.12 0.13

c 10 6.5+ 13.64+ 13.9+ 1h,1+ 14,3+ 14.54+

0. 1.1 0,09 0.10 0,06 0.08 0.13

D 10 6.3+ 13.8+ 14,14 1h.bse 14,6+ 1.8+
0.11 0,17 0.16 0.,1% 0.11 0.1

E 10 6.1+ 13.9+ 14,14 14,34 1h.7+ 15.2+

0.08 0.1 0.17 0.1 0,12 0,10

% Mean values (10 animals/group) with standard error.



Table 43

Analysis of variance--ned blood cells.

Source df Ss. MSS. r.
Between . ;
?
treatments b 2.1 0.525 15.39%*
Error . by 1.5387 0.0341
Total Lo 3.6387

®* Significant at 14 level.

Critical difference: 0.32 at 5% level.
0.42 at 14 level.

Mean values: A = 7.77, B = 7.86, C = 8.01, D=8.34, E = 8.14,




Table %9 -
e-QHaeﬁdéléﬁiﬁnééncenffation

Analysishdf:vafianc
: (2./100 m1.)

Source arf. ss.
Between treatments 4 5;852 1.213 B.1g*¥
b5 6.678 0.148

¥ Significant at 14 levei,
0.32 at 59 level.

Critical difference:
: 0.42 at 1% level.
E= 15.2

= 14,4, ¢ = 14,5, D= 14,8,

Mean values: A = 14,1, B

= ley -



Table 50

Analysis of variance--Plasma protein

m---------—-—;----“-——--——---—-n-——-—-—-—----—---——--—-—n-—--—---

Sounrce g = SS. MSS. F.
Between treatments n 1.60 0.40 1.90"-S:
Error 1}5 9. 38 0,20
Total ko 10,98

-q——--———u--—---————--——--—--——n--———--——-—.-—-—-—-uﬁ—---—-—------—‘--

N.S.= Not significant.



_Table 51

Glutamic-0xalo acetic transaminase and glutamic pyruvic transaminase levels in serum
and liver of animals maintained on diets, A, B, C, D and E

‘Diet A

Rat No..

y g - .

Glntamic-Oxalo ‘acetic transaminase

----‘--“-‘---‘--------- -------—“-----—------------------‘--—--------------.

Sernm -
unitq/ml.

-

Vi oW N

6

W N YRR B e ok @ A 4 G S0 4B G Gk 4P b o

Average ©
Standard

145.0
131,0.
112.0
138.0
106.0

123.7+
L 6.7

‘Liver

anitsfgetiver

454,0
58,0
490.0
k50,0
564,0

td--------------------— - - --------------------“--

Glutamic pyruvic transaminase

‘Serum
units/ml.
198.0
212,0
215.0
 209,0
188.0

210,0

Liver

units/g. liver

632.0
584.0
512.0

h88 0

620.0

'438.0

- "l. -



Table 52

Diet B

rat ¥, Serum Liver Serum Liver
Units/ml. units/g. liver units/mil. units/ g. liver
1 115.0 keh, 0 210.0 '652.,0 :
2 120.0 495.0 198.0 688.0 "
' o

3 113.0 398.0 185.0 701.0 i
b 108.0 k38,0 201 .0 515.0
5 111.0 355.0 165.0 526.0
6 124,0 k47.0 201.0 .h93'°

Average ¢ 115. 24+ 549,74 1934 3+ 596.7+

Standard ChT T e 5

g 2.41 21. 41 6.55 36.1



fable 53

Diet C
Glutamic-0Oxalo acetic transaminase Gilutamic pyruvic transaminase
Eeh X Serum Liver Serum Liver
units/mil. units/g. liver uni ts/mil. units/g. liver
1 144,0 - 458.0 - 182.0 - 648.0 |
2 135.0 392.0 196.0 560.0 e
3 108.0 L68.0 201.0 h86.0 t
b 110.0 542,0 180.0 640.0
5 125.0 49,0 198.0 518.0
6 102,0 136,0 168.0 498.0
Average c 120,74+ h57.5+ 187.5+ 558.3%
Standard 6.87 20.06 16.6% . 23.99

Error

S s D SR e D D D S e D S G S e D Y e D GD S e G S e D S R e S DT O S G S G S S D e S0 S e e S e e M e G T



Table 5k

Diet D
Glutamic-0Oxalo acetiec transaminase Glutamic pyruvic transaminase
Bat No. Serum Liver Serum Liver
units/ml. units/g. liver anits/ml., units/g. liver
1 114.0 %15.0 196,0 645,0
2 130,.0 315,.0 188.0 538.0
3 105.0 hs2.0 205,.0 k48 .0
L 100.0 53%,0 198,0 640.0
5 125.0 438.0 210.0 512.0
6 140.0 358.0 185.0 548,0
Average ¢ ! : .2
iy 5% 55 g
Error .



Table 55

Diet E
Glutamic-0Oxalo acetic transaminase Glutamic pyruvic transaminase
Rt Mo Serum Liver Serum _ Liver
units/ml. units/g. liver units/ml. units/g. liver
1 . 116.0 201.0 189.0 648 .0
2 118.0 4o8,0 : 205.0 712.0
3 109.0 - hokh,0 198.0 537.0
k 125.0 312.0 19h.0 412.0
5 134.0 _ 448.0 209.0 448 .0
6 150.0 512.0 208.0 568.0
Average ¢ 125. 3+ 395,84+ 200,54+ 554. 2+
Standard t o= s e "o
o | 46,
Error 6.03 48.89 3.3 79

- {f1 =



Table 56

Summarised data* on glutamic-oxalo acetic transaminase, Glutamic pyruvic transaminase
levels in serum and liver of rats fed diets A, B, C, D and E.

P ——————————pes S e ettt el

Glutamic-Oxalo acetic transaminase Glutamic pyruvic transaminase

- s S G ED W A A I S M S S S SIS M e e S D S A D D RS S S W S D S e e S S O D D R W e e e e S e S G S

Diets No.of

imal Serum Liver‘ Serum - Liver
g e units/mil. units/g.liver units/ml. units/g.liver
A 6 123.7+ 471.8+ 205.3+ 545,74+
6.71 28.53 hotv7 31.85
B 6 115;23 5b9.7£ 193.3+ 596.7%
2.47 21,43 6.55 36.16
c 6 120.7+ 457,54 187.54 588. 3+
6.81 20.06 16.6 28 .99
D 6 119.0+ 427.04 197.0+ 5552+
6.27 37.79 3.91 31.07
E 6 125,04 395.8+ 200.54+ 554, 24
6.03 48,89 3.31 46.79
* Mean values (6 animals/group) with standard error.



Table 57

Analysis of variance--Glutamic-Oxalo acetic transaminases in serum

(units/m1l. )

- e O Eh S e S S S £ SR en £ D 5 S e Sh D e D On e e S5 s e G S5 S S S e

Source dr. ss. MSS. r,
------ . S SR S R D R e WD D D WS G S R S W e S R R S SR IR SR D v TS SED S WS SR e G SIS e AR S GRS WU TUR I T SR G SN G5 s GO G fme ewy TS G e GO '
w
Between treatments ] 382.5 95,625 0.46" \n
8
Error 25 5186.9 207.476
Total 29 5569.4

Not significant



Analysis of variancé--@lufaﬁic-Oxalb acetic transaminases in liver
(units/go )
Source ae, 88, - - MS§, = - r.

. B 3 B B . T

- 9€1L -

L 20604.0 5151.0 0.78*

Between treatments

$ 25 ... 164851.0 6594, ok

Error
. Total . . . " - 29 . 185455.0

* Not significant



Table 59

Analysis of varianaer-Glutamic pyruvic)transaminases 1n serum

(unitS/mlo
Source... darf. ¢ .. 8S8. o MSS. :
Between treatments =~ 'k C11110,2 277.55
Brror . . 25 3437.7 137.51
Total 29 kshy.9

* Not significant

| O

2902?‘



Table 60

Analysis of variance--Glutamic pyruvic transaminases in liver

Between treatments

Error

Total

(units/g.)
af. Ss. MSS. F.
4 954,0 238.5 0.29
25 202613000 8105.2
29 203584 ,0

Ny S S R R T D SD N SR s S S S SO G W Gs A RS S D S 6 D S S CS G e D S A W e SR s S we W S5 BRSO OB 0D M ED e e

* Not significant

- Q€L =



Table 61
Data on liver glycogen content of animals maintained on diets A, B, C, D and E
J(_Valdes in g./100 g. tissue)

Iy

Diets
Rat No. a B o R E
Liver(g.%) Liver (g.%4) . Liver (g.%) = Liver (g.%) Liver (g.%)

1 f 1.95 1.91 . 2,01 . 1.33 - 2.14
2.21 1.91 . 2.29 2,03 | 2.18

2

3

5 2.25 1.96 | 1.77 2.38 | 2,95
5 1.90 2.26 . 2.81 275 2.15
6

1.82 1.91 2.85 - 2,42 2.38

Ll L L B o 2 2 2 T X T 3 T 2 X T T T P ¥ T ¥ ¥ T F-0 9 P PUP Y ¥ ¥ P 2 SRR R Y L T YN

Average ¢
2,05+ 1.99¢ 2.35% 2,22+ 2.32¢

A R G A . GO S T S G DD G D AR G G G R G G GP TP G AP G G AP W A S AP TN ED G G O G D G S SO S WP S G GR G5 B G5 G G5 NP U W G W 0N ED D G U5 T WS HP R ED GR GD G WD EP BP Gs 45 G WP A 4R W5 W 0T O W

- 6€1L -



Table 62

animal maintained on diets A, B, C, D and E.
~ (values 1n~gz/100 g. tissue)

V// Summariaed data* on eglycogen content of liver recorded 1n respect of

D W a4 4 A > G A A G G5 WD G AR B W AR AD DD G 4D G AP YD D D T wD B G S D D WD WD Sn =R @S A S0 G G D S G5 o OB GD UB AR AN oh e W Ak & o W &

‘ ‘No.of Body Fresh - Liver - .
Diets * weight = weight of glycogen
animals (z.) - 1liver(g.) (2.%) 2
. - T8
P A | . 6 55.4+ 3.38+ . 2,05+ .
| ' 2.1% 0,22 0.07
- : ' 2,22 0.1 - 0.06
D 6 . T7+92 5.13¢ 2522:_
' 5,82 0.31 0.20
B 6 82,2+ 503+ 2,32+
1 089 0.1 3

R A G G G G YRR G B YD SR G G SR S D D G0 G G G G D G S ) W N P S G G S @Y SR W WS D W W G AP D W G W TR G GG ORGP P er 95 G 4D GN W 0 ab e o 8

* Mean values (6 animals/group) with standard error.



Table 63
Analysis of variance=--Liver glycogen

Source daf, ss. MsSs. F.

- e W W G- - an e

- int -

Between fréétmenté L 0.6289 0.1572. 1.10%
Error 25 . 3.4266 0.1427

Total 29

* Not significant



Table 64
Liver protein and liver fat contents of animals maintained on

diets A, B, C, D and E.

Piet A
Fresh wt, of liver Total lipids Total Protein
it S et e 2 o e R B e S TR AR S
o Degh > S B 7 4 of body % of mg/100g. % of mg/100g.
2 8- wt. fresh wt. rat fresh wt. rat
1 5h 2.85 5.28 4,58 2h1.,7 13.7h 725.2
2 Lo 3.25 8.12 3.02 245 .4 16.45 1116.3
3 56 3.60 6.43 5.02 322, 11,48 738.0
b 55 3.36 6.11 I.5h 227.3 10,58 6L6,.3
5 54 3.66 6.78 3.28 222.3 20,15 1365.7
6 52 3.89 7.9 6,44 481.7 15,48 1158,0
7 56 2.6k h.71 3,02 378.1 15.32 222 .2
8 60 3,48 5.80 5,08 294, 6 12,84 744 .7
9 65 3.48 5.35 5.1k 275.2 13.35 714.7
10 62 3.60 5.81 4,08 236.9 14,58 846.6
Avorage E R L SN TS o S e
55.l4 3.384 6.194 L,92+ 292,64+ 14.39+ 877.8%
M 1A 0.22 0.33 0,16 26,19 B-36 (i

Error

B S WD S S e W e e U S A S D W TR ER S S ———— - —————— - ———— -



Table 65

Diet B

R s R T R CRSVET.
e ‘ Xt tn & % of body % of mg/100g. %.of mg/ 100g.
e 5 wte. fresh wt. rat fresh wt. rat
1 ko 2¢59 5.28 548 289.6 13.85 732.1 :
2 51 2.91 5.70 6,0M Ik, 6 12,01 685.3 3
3 _ho 2.30 5.75 8.82 507.2 10,54 606.1 S
4 Lo 2,93 5.78 6. 12 383.9 12.12 724 .7 '
5 59 3.59 6.08 3.08 187.4 13.58 826.3
6 59 3.59 6.29 b1l 260,7 14,11 888,.7
7 6h 3.08 .81 5.12 246, Y 13.88 667.9
8 5h 3.17 587 6.18 362.8 14,12 828,9
9 60 2.37 3.95 6.58 259.9 15.32 605.1
10 55 3.20 5.61 6.41 359.8 16.14 906.1
e U R S @

D S D G N D S D DD D D e T S S NS0 A SN S e S S TR e e OB TS S G W G0 S S S e e S S5 e 53 e s ED IR M A B G5 S5 WS G W SR A OF SRR T ES SN R G S5 S S S5 A w A e e



Table 66

Diet C

Rat Fresh wt. of liver . Total lipids " Total Protein

‘No BoAdy Wi, mocrmmcmc o mmccn s e ma e e e e e e e e e S e
o | Vt., in g. % of body % of mg/100g. % of mg/10()g.
.................................... B e e

1 67 3.40 5,07 518 210.6 14,58 739.9 E;

2 80 5.11 6.39 3.45 220, 1 13.84 384.0 !

3 93 4,85 5.21 2.86 1ho 1 15,22 793.7

b 98 5.38 5.49 k.05 222.1 16.84 92h.5

5 1% 5.28 4,63 k.25 196,8 15.02 695.7

6 97 ho11 h,2h 3,18 19% .7 1,11 597.8

7 97 5.6k 5.81 3.28 190.7 12.01 698.3

8 99 6.05 6.11 2.1% 170,8 10.85 663.0

9 118 7.0k 5.97 6.35 378.,8 14,43 860.9

10 109 7 42 6.81 %.01 272.9 12.12 825,0
D 3 BB BEe T

Error

S e s S S S D S0 SR S5 SS EN D ED S5 ED D 55 S5 05 0P S S5 O U ED D 6w G S 05 s S S5 56 S s e S s S5 55 s e Ds 00 £5 S5 5D 55 S5 S5 2 en O 60 59 L w5 69 65 50 68 65 55 S9 OF 63 9 S5 G5 e 69 =9 a3 E 60 6 ey S



Table 67

Diet D
L PR o U v R s oRs At
ot . Wt. in g.. % of body % of mg/100g. % of mg/ 100g.
wt. fresh wt. rat fresh wt. rat

1 83 5.12 6.17 h,hh 273.9 14,1k 872.2 i

2 87 3.8% b kb1 3.15 139.0 15.32 676.2 =

3 92 3.94 4,28 5.85 250.5 16.84 721.2 N

A 102 5,49 .%o k.32 190, 2 15.13 666.0 '

5 89 7.1 ‘8,02 4,22 338, 5 13.85 1111.1

6 78 4.85 6.22 3.8% 238.8 12.6hL 785.9

7 62 5.05 8.14 2.08 169. 4 13.15 1674, 1

8 55 5.32 9.67 5.48 530, 1 14.86 1437.3

9 63 6.01 9,54 6.12 5813.8 15.12 1hh2. 4

10 68 5.52 B.16 8.32 431.8 1h,1h 1147,.8
e . S s T T )

Error




Diet E
‘ Fresh wt. of liv‘er Total Iipi_dé : Total protein
g:t Body wt. o o e e e e e e e ce——— S
o Vt. in g, % of body  fof. mg/100g. dof . - - mg/100g.
oEh L wte fresh wt. rat fresh wt.- rat
1 76 .89 6.43 ~ - 6.u8 " 316.9  1h.28 918.8
2 75 . k.58 6.03 k.53 276.6 15.38 939.2
3 88 5.09 ° 5.78 2.31 133.6 16,01 926.0
4 95 | 6.53 6.87 2.08 1429 15,11 1038.6
5 83 5.59 6,73 both 278.8 12,48 840.5-
6 83 ° 5.43 6.54 5.48 358.5  13.12  567.8
7 77.0 5.58 7.25 k.04 292.8°  15.8% 1Hi7.9-
8" 80.0 6.04 7455 3.82 288 .4 13.21 997.3
9 82.0  5.64 6.88 5.1k 353.5 . 16.01 11012
10 83.0 5.55 6.69 .35 290.9 12,34 825.1
danfha B TWE &8I a3 2433 w3l oma
YyaQovy :

e wmee
.---Q-d----'---- ey ap U AP D s RO DA M s ep ES e W s W P TP WU GD TP I WD NS D W & M @G S ey -
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Table 6%

. R ﬂimt . '
/’ Summarised data* on liver protein and liver fat contents of animals

maintained on Diets A, B, C, D and E (Vide Tables 64 to 68)

i o Weight of liver '~  -Total lipids . Total protein
i No. Qf -----------—ﬁ-‘----- ------ O D R S e 0 B 0 B e B S A S B G W W O D P S G D D Y o
Diets animals Fresh wt, 4 of body % of fresh mg/100 4 of fresh mg./100
| ‘ (ge) - wt, wt. g. rat  wt. g.rat
A 10 . 3,38 © 6,192 h.92+ 292,64 14,39+ 877.8-:-
i . 0,22 0.33 0.46 26. 10 0.86 77.47
B - 10 3.9‘?;_ .. 5512 . 5.83 320.24- 13,57«  747.12
. o.14 - 0,22 0. 49 32.35 - 0.,52 34.82
c 10 , '5'.&'33 5,57+ 3.77+  210.7+  13.90&  768.3s
| ~ 0.38 ~ 0.25 0.35 23.31 0.56 33.55
D 10 5.13e 6.904 4,48+ 3.6+  1h.52s  993.1s
. ' 0.31 o 00‘92 o 0039 E Lg.55 . 0:-37 28.53
B : 10 . 6 bl + 287 114; 8+  930.24
S ter G67r Wahr mma. whomn oj0.2s

* Mean values (10 animals/group) with standard error

- ini -



. Table 70
-ﬂnalyéis'of v§riancer-fLivbr fat percontage on fresh basis

“------------------

“--'-----"..‘.;;.-“.-.‘-".-.'.'----..'-..-b'--_---------------";--".;-;.'--.'-’-"-;.---- :_
. . I . . N . m
Botween treatments ' - 24,2789 6.0697 b, lsn '
Error k5 - 62.9586 11,3991
Total o T . 87.2375

#% Significant at 19 level

Critical difference: 1,05 at 5% level
1.37 at 14 level

Mean values: A = 4.92, B = 5.83, C = 3.77, D = 4,48, E = k. hk




Table 71

Analysis of variance - Liver protein - percentage on fresh weight basis

D D S . - ——— - W . S S . .-

Source af. SS8. MSS. F. .
D ES e e e e e e e e D GO e e R e el b iy — z_
= D
Between treatments Y 6.5055 1.6263 0o, U8« !
Error - by 151.7634 3.3725
Total ko 158.2689

* Not significant



Table 72

Internal orffan weights of animals maintained on diets A, B, C, D and E,

Bat e LS - e T s | Eiesy = Spisen  gemti
]
1 54,0 137.3 2.0760 0.4031 0. 1894 0,1505 -
2 h0.0 113.7 2.9719 0.h4824 0.1756 0.2168 o
3 . 56.0 - 1404 2.5650 0.5318 0.1588 0.1788 :
b 55.0 138.9 2,421k 0.4583 0.,1716 0.1949
5 54,0 137.3 2.6652 0.kl 0.1466 0.2043
&= 52.0 134.3 2,9000 0, 4027 0.1477 0.1970
7 56.0 140.4 1.8794 0. 3431 0.0664 0.1496
8 60.0 146.3 2.3782 0.4557 0.1363 0.1927
9 65.0 1450.4 2.14768 0. bhh8 0.1271 0.1975
10 62.0 49,1 2. 5171 0.3340 0.1376 0.1656
e S OR8¢ 0 R S

Error =

---------ﬁ-------ﬂ---‘-ﬂ--------——ﬁﬁﬁ--u--—----—--—-—-.—-.—-—-------——---ﬂn--—-——--



Table 73
Diet B
Rat No. Body VWt, Body gurface ,.----:.-gf,---ff-f.-gff,lg?.ST.-ESSZ-?::{?EE
a 8- " em Liver Kidney Spleen  Heart
1 h9.0 129.8 | 1;.9959 - 0.3693 0.1656 0.1355
2 51,0 . 132.6 © 2,1200  0.4377  0.2059 - 0.1587
3 4o.0 113.7 . 2,025%  0.3927 = 0.1848 0.1486 !
4 " 49,0 129.5 " 2,2631  0.4375 0.1963  0.1550 =
-5 59.0 o 14%4,.8 T 2.,4809 0.5163  0.1475 0,2108 i
6 59.0 144.8 2.4829 0.5020 '~ 0,1688 - 0,1743
7 - 64,0 . 15241 | 2,0237 0.4538 - 0.1542 0.1623
8 54,0 " 137.3 2.3098 0.4672 ©0.1667  0.1488
9 60,0 146.3 - 1.6187 0.3608  0.0712 0.1433
10 < 53, 0 1'38.9 . 2.3032 0.431h  o0.157% 0.1466
Average c 6\:- -------- Tt ‘--‘---------"-------? .....................
. 54,04+ 136.9% 3.162u44¢ 0.4369+ 0.1618+, _ 0.158h+
g::ﬁm 2.22 3.51 0.0829 0.0164" 0.0117  0,0067

G0 G A S D S R D R D A A S T D R D R G AT DGR D T A D G SR G W G AP R G AP UD D G G P D G S A AR AP SN AP GR WD TP WD D R WS aD AR PGP D G D WD G G KD WS WS WP WS b AP OF S S% W



“wofl =

Diet C
Rat No. Body Wt. Pody gurface wt. of organs in g. per 100 cm” body surface
& s “=~fiver """ gidney ~~""~Spleen """ fleart
1 67 156.3 2.1779 0.5877 0,2878 0.2197
2 80 173.9 2.9397 0.3948 0.2144 0.1889
> 93 190.3 2.5477 0.5109 0.2106 0.1974
h 98 196.3 2.6728 0,434y 0.2201 0.1863
5 114 215,0 2.4567 0.%016 0.1896 0.181h
6 97 195.1 2,1059 0.3865 0.1860 0.1694
7 97 195.1 2.8887 0.3941 0.2086 0.1785
3 99 197.5 3.0628 0.h76h 0.2537 0.2125
9 118 219.5 3. 2078 0. hshh 0.2988 0.1968
10 109 209,2 3.5465 0.h59h 0. 2495 0.2256
Stamdara 72 Wi B0 COl7T owotr  o.oosh

-----n--—---—‘-ﬂ---’------—--———-a------o—-q--—d-ﬂ-—----—-u—uu--u-—mﬁ——---—---——------ﬂ



Table 75
Diet D

s s S s S e S S R S e S D WD D e e e S e S 5 SR G RS S e S SR S G G R S S G e e e e S e s S S T e e B A S W S S e S O S 6D N e G2 S 63 R

Rat No. Body Wt. Bodyguurface _________________________________________________
g. i Liver Kidney Spleen Heart
1 813 9777 2.8817 0.511h 0.1601 | 0. 2007
2 87 182.8 2.0995 0.hoh3 0.1334 0.1992 !
3 92 189.0 2,0841 0.4569 0.1955 0,184 =
I 102 . . 201.1 2.2371 0.5259 0.1701 0.1796 e
5 89 185.3 3.8549 0.295h 0,1671 0.2338 '
'3 a8 5.2 2.331h 0.5490 0.1810 0.1996
7 62 149,1 3. 3870 0,6593 . 0,1951 0. 2529
8 55 ° 138.9 3.8333 0.657h 0.2402 0.2565
9 63 150.5 3.9948 0.6642 0.1945 0.3077
10 63 157.7 . 3.1695 0.7309 0.2202 0.3020
Saminat Lge o Ves U ORET SN ooh

Error

-a-q---—-—-n--;-.-----——-—u--u--.-u—--——---u—-----u--—--------——-n.\-—-—nu.-—------—--—ﬂ-—-u--—u
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e
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Error

5.,0810
3. 4771
3.198%4
3.1244

0,1 61&0_-_»_
00,0105

-

-
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Table 77

Summarised data* on internal organ weights recorded in respect of rats maintained
en diets A, B, C, D and E. (Vide Tables 72-76)

AR Body Wt,  Bod ;'ga;faa;"'ﬁ:‘;‘f“a;a;n;'za'a:';;;"106';52'555;'35';};‘5;“
Diets . . . g, SR T r—— T P o o . s e i e
Liver Kidney Spleen Heart
A 55.4+ 137.8+ 2.47514, 0.43004+ 0.1457+ 0.1848+
1.75 1.75 0, 1054 0.0192" 0.0105 0,0072
B 54,04 136.9+ - 2.162h+ 0.4369+ 0.1618+ 0.15844
2.22 3.51 00,0829 0.0164 00,0117 0.0067
c 97+ 2% 194,24+ 2.76034 0. 45074 . 0.2319+ 0.1953+
L.81 7.20 0.4550 0.0200 0.0141 0,0054
D 77.9¢ 170.3+ 3.0707+ 0.5055+ 0.1857+ 0.2316+
.82 6.43 0.5160 0.0k2k 0.0105 0.,01h2"
E 82,2+ 170.64 3.288h4 0.57604+ O« 1640+ 0.2304+
1.89 713 0.5865 0.0173 0.0105 0.0045

* Mean values (10 animals/group) with standard error

- gGL -



Table 78

Analysis of variance - Weight of kidney in gram

Source daf. sSs.
Between treatments I 0.1846
Error s 0.4160
Total ' %o 0.6006

*% Significant at 1€ level

Critical difference: 0,0706 at 5%

0.0929 at 1%

level
ievel

Mean VE;“QSS A = O.hjoo. B = O-&SGQU C = O.hSOO. D = 005h55s

E = 0,5760,

=495 =



Table 79

Analysis of variance = Weight of heart in gram

Source ar. SS. MSS., F.
Between treatments L 0.0364 0.0001 7,58 %% .
Error hs 0.0526 0.0012 &

-
Lo 00,0890 )

——----a-——----—u----------h---u--———----m—-—--—--———c—--———-n----‘-——-—n

¥* gignificant at 14 level

Critical difference: 0,0322 at 5% level
0.042hk at 17 level

Mean values: A 0,1848, B = 0,1584, ¢ = 0.1953, D = 0.2316,
E = 0,2304,




Table 80

Analysis of variance - Weight of spleem in gram

Source daf. SS. MSS. F.
Between treatments L 00,0448 0.0112 10, 00%%
Error | s 0.0508 0.0011
Total 49 0.0953

** Significant at 14 level

Critical difference: 0.033%4 at 5% level
0.0439 at 14 level

Mean values: A = 0.1
E = 0.16!"0.

457, B = 0,1618, C

0.2319,

D = 0,1857,

- 8SL -



Table 81

Analvsis of variance - Weight of liver in gram

Source ar. 5. MSS. F.
Between treatments : L 7.8924 1.9731 T.15%%
Prror . hs 12.4192 0.2760
Total ho 20,3116

#% Significant at 14 level

Critical difference: 0,4673 at 5% level
0.6151 at 14 level

Mean values: A 4751, B = 22,1624, C = 2,7603, © = 3.0707,
B 2

= 2.
= 3, 3811'.

=65t =



Table 8

Caecal weights of animals maintained on diets A, B, C, D and E.

Diet A
, Wt. of Caecum Wt., of Caecum Wt, of Caecum
Rat Body “:itgfcgﬁ:gzgs witl contents/ without  without con-
No. vt. (&) . 100g. body wt. contents tents/ 100g.
(g..) (g.) body Wt. (g.)
5 54,0 1.68 3412 0.21 0.39
6 52,0 1.52 2.93 0.20 0..39
- 56,0 1.38 2,45 0.10 0. 135
8 60,0 1.69 2.82 0.22 0. 36
9 65.0 1. 3% 2.06 0.27 o.h2
10 62.0 1,50 2,50 0,26 0.43
Average ¢
Error 2,0h 0.06 0.h9 0.01 0.01



Table 83

Diet B
Yt or-Codtium ¥Wt. of Caecum Wt.of .Caecum Wt. of Caecum
Rat. Bodyt. of S n:ent with contents/ = without without conte-
No. wi.(g.) (g°) ® 100g. body wt. contents nts/ 100g.
5 (g.) (g.) body Wt. (g.)
5 59.0 6‘29 9.12 0.6’ 0088
6 59.0 3.23 5.66 0.l 0.77
7 ‘n 6h.0 5.27 . 8.2h 0.53 0.79
3 54.0 ho11 7.61 0.31 0,56
9 60,0 4,00 7.28 0.37 0. 68
i0 55.0 3.27 5.7k 0.31 0.5%
Average ¢
53.5+ ,36+ 7.28+ 0.43+ 0,70
§Fa“dard 1.48 0.h49 0.%6 0.05 0,17
L rToY

ook f B



Diet C
Wt. of Caecum Wt. of Caecum wt, of Caecum
Rat Body ::;h"g og::;":';' with contents/ without without contents/
No. wt.(g.) (8s) 100g. body wt. contents 100g. body wt. A
3 (g‘ ) (g' ) (go ) —
---------------------- S D S D S R A ) D TS Y S G O D S Ge e O e e D S ) En G G =D S oD o O3 W SN G S G S G SR D OD G0 W G B0 G5 e ED GF e s GBS e O O e DS O m
N
5 114,0 1.25 1.09 0.29 0.25 8
6 97,0 1.03 1.06 0.135 0,136
7 97.0 1.2h 1.28 0.23 0.24
8 29,0 1,02 1.0h 0.27 0.27
9 118,0 1.23 1.04 0,31 0.26
Average ¢
Standard 105.7+ 1.12¢ 1.06+ 0,28+ 0.27+
Error 3.77 0.05 0.05 0,02 0.02



Table 85

Diet D
' ) St Liot Camonn Wt. of Caecum Wi, of Caecum g}{hggtaggﬁgT
Rat Body with contents Yith contents/ without ents/ 100 g. i
No. vt. (8.) te) 100g. body wt. contents body wt.
(8" ) (g“ ) (gc ) ;\
- O O R O S e S =S e e s e O S S S SN S e - e e S G OB G e s D S e S5 S S D e S D En s S E e eue S S S e S e D TS e S T TS G S ST D A e e S e S - u
. . ) g 4 i
5 89,0 1.05 1.18 0625 0,28
6 78.0 1,65 2. 11 0,21 0.27
7 62.0 1.58 2.55 0.15% 0.2h
8 55:0 1.45 2.63 0.19 0. 34
9 63.0 1.86 2.95 0.40 0,64
10 68.0 1.85 2.71 0. 31 0. 46
Average C p
9.2'.' 1057!_ 2.36:_ 0. 25_‘.; 0037_‘;
s 5.00 0.12 0.26 0.0k 0.06

Error

---—-——--———-n-----—---n—---------—---—-——--—-----—-—-—-—--—.—--——--———n—-—-—--r-—---——-



Diet E
Wwt. of Caecum Wt. of Caecum Wwt. of Caecum
- wt. ‘
Rat Body withoiogizﬁzg with contents/ without without contents/
No. wt. (g.) (&.) 100g. body wt. contents 100g. body wt.
: (g.) (g.) (& :
¥ 76,0 1.54 2,03 0.22 0.29 %
2 75.0 1.06 1,41 0.29 0.38 :
3 88.0 1035 1.53 0.35 0039
h 95.0 1.29 1.35 0.21 0.22
5 83,0 1.86 2.2h 0,21 0.25
[3 33.0 1.58 1.90 0,23 0.28
Average ¢
83.3+ 1.45+ 174+ 0.25+ 0.30%
Standard 2,06 0.11 0.1l 0,02 0.03

n-—-——m--------un—--n-ﬁ—.-—-——----—----—-—----ﬁ--——ﬂ—ﬂ—l""--'-—-""-ﬂ------—--'—-------’----



Table 87

Summarised data* on caecal weights of rats fed on diets A, B, C, D and E.

Wt. of Caecum Wt. of Caecum VWt. of Caecum

Wt. of Caecum
Body ~ : with contents/ without without contents/
Biets . (g.) MR ;o?tenta 100g. body wt. contents 100g. body wt.
3 (g.) (g.) (g.)
------------------------------------------------------------------------------ - e e e '
A 58.24+ 1.52+ 2.65+ 0.23% 0.39+ o
2.0k 0,06 0.h9 0.01 0.01 \n,
1
B 58.5+ h.36+ 7.28% 0.43s 0.70%
1.48 0. 49 0.56 0,05 0.17
c 105.9+ 1,124+ 1.064+ 0.28+ 0.274+
3.77 0.05 0.0% 0.02 0.02
D 69.2+ 1.57+ 2,36+ 0.25% 0.37%
5,00 0.12 0.26 0,0l 0.04
B 83,34+ 1.45+ 1.7+ 0.25+ 0.30+
3.06 0,11 0.1h 0.02 0.03

* Mean values (6 animals/group) with standard error



Table 88

Analysis of variance - weight of caecum without conte

Source daf. SS.
Between treatments k 0.7208
Error 25 0, 2487
Total 29 009695

%% gignificant at 1% level

Critical difference: 0.0801 at 54, level
0.1083 at 1% level

Mean values: A = 0,39, B = 0,70,

C = 0.27’ n

-—-ﬂ----—---u--ﬁ—---—-——-—-m—---—-—-----n—-

0.37,

nts/100g. body wt.

Fs
. b
18,2070 % * A
g
E = 0.30



Table 89

Analysis of variance - weight of cacuum with contents/100g. body weight

0 B0 D M TS G TR G A SR T D G e G OD M TR D W GG G A P OB W B D 9B TD T 4

Source df.‘ Ss. . | MSS. - F.
Between treatments 4 14,8700 - 36. 2175 69.99%%
Error . 25 12.9359 0.517hk "
| 20 27.8059 |

Total

% Significant at 1% level |

Critical difference: 0,71 at 5% level
. 0,96 at 1% level

Mean values: A = 2.65, B = 7,28, C =1,06, D

2.36, B = 1.74,

¢L9‘-



Table 90

Weights of pancreas of animals maintained on diets A, B, C,

gﬁf Body wt. p:;;rzgs
_____________ CLEE ) e
1 54 0.2h1h
2 56 0.2317
3 56 0.2820
h 55 0. 2204
5 sk 0.3130
6 52 0.2239
4 56 0,306
8 60 0.3814
9 65 0.2772
10 62 0.3482
i LN St

Error

Diet A

¥be. o8 pancreas
e AR S

........ 45 DEESHINERIRE et (- ) 1 tnSptmans
0.46h2 0.123h
0.5292 00,0915
0.5035 0.1h454
0.4007 0,18h2
0.5796 0.,091h
0.4305 0.1315
0.5439 0.0910
0.6356 0,0995
0,4264h 0.0914
0.58073 0.,1310
00,5094+ 0.1178+
0,0246 0.,1001

E and E.

Moisture %4

- e o -

-
R
(9]
@

e O S S S SR e e e e e e S D NS S ES S ED AN R S S G A SR S S e O W W S e e e S S S S S S S S S D A D D R A em e e e




Diet B
e m———
(ﬂ)_ @ 100g. mt @
H]
1 ko 0.4305 0.9575 0.1541 6k, 20 -
2 51 : 0.39h 2 0.7729 0.1321 66.48 e
3 ho : 0.4054 1.0956 0.0948 76.61 !
b ko 0.451h 1.0031 0.1438 63,14
3 s 0.5843 0.8468 0.20h1 65.06
6 59 0.49384 0.7743 0.1341 73.09
7 6h 0.5431 0.8485 0.15h1 71.62
8 5h 0.5779 0.8850 0.159h 72.41
9 60’ 1.1893 0.3uh1 0.2045 32.80
10 55 1.1950 0.3421 0.0701 ol .13
T R AR —-

Errorxr

----—---—ﬂ-ﬁ——--ﬁ-—--—---—.-——-----—--———--ﬁ-n-——-—-----‘---—ﬂmm-—---------



- oLt -

Diet C
h » N Wt. of ¥t, of pancreas
e Boaé) " pancreas = Bapcrend/ e Moisture %
SO, A () B < 15
1 67 ' 0.4134 0.6170 0.1213 70.65
‘2 80 0.3158 0.39u47 - 0.1508 52,24
3 93 0.4055- 0.4360 0.1684 58,47
L 98 ' 0.4105 0.4188 0.1752 57.32
5 14 0.4360" 0.13824 0.1777 59, 2h
6 97 0.3880" 0.4000 0.1624 58,14
7 97 0.3420 0.3525 0.1622 52,51
8 99 0.4260 - 0.%303 0.1435 66.31
9 118 0.3886 0.3293 0.1305 66.41
10 109 0.4306" 0.3950 0.1616 62.47
Sanawa 13 SIS Qe e 6o

Error



Diet D
Rat No. Body wt. p‘;ﬁ;rz:s ?gxgérg.:? p:!;;r:i::? Moisture %
o e LB (0 e S (€5 NS g e S b
1 83 0,.,3736 0.4501 0,0650 82,60 2
2 87 0.4631 0.5323 0.1039 77.56 L
3 92 0.3615 0.3929 D.1415 60,85
b 102 0.4063 0.3983 0.1200 70. 46
5 89 0.3713 0.4171 0.1600 56.90
6 78 0.2566 0.3289 0.1200 53.23
7 62 00,3463 0.5585 0.1127 67.45
8 55 0.2835 0,515k 0.,1112 60.77
9 63 0.4133 0.6560 0,0859 79.21
10 68 0,hu485 0.6595 0.1602 6L, 28
S T3, Gl ot owes o
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Table 94

Diet E
Rat No. Body wt. p::;rz:s ?ggcizaif pz:;r::? Moisture %4

e (AU TE TP R i A i sdmieit o578

1 76 0.2334 0.3071 0.1834 21.41 ;

2 75 0,2282 0.3042 0.0708 68.97 i’;‘

3 88 0.3292 0.3740 0.1539 53+ 25 !

4 95 0.3976 0.4185 0.1348 66,09

5 83 0.2892 0.378h 0. 1131 60,89

6 83 0.4380 0.5277 0.1199 72.61

7 77 . 0.2465 0,3201 0.0234 Lo, 9k

8 80 0.3164 0.3955 0. 100k 68,27

9 82 0.3284 0.4004 0.1091 67.69

10 83 0.h021 0. k84l 00,1343 66,60
e e e o

Error
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Table 95

Summarised data* on weight of pancreas recorded in respect of groups of
rats maintained on diets A, B, C; D and E.

(vide tables 90-9)

Fresh
Diet Wt. of Wt. of wWt. of
8  rat (g.) pancreas pancreas/
(g) 100g. rat
A 55. 44 0.280h¢ 0.500h +
2.1 0,0168 0,0246
B 54,04+ 0.6269+ 0.7869+
2,22 0.0965 00,0804
c 97.2% 0.3956+ 0. 41564+
.81 0.1236 0.0246
D 779+ 0.372h+ 0.4909+
5,82 0,0207 0.0355
E 82.2+ 00,3209+ 0.3880+
1.89 0.0233 0,0235

Dry wt.
pancreas

Moisture %
(D s - 5
0.1178+ 55.61+
0, 1001 5.58
0.1h51+ 73.454+
0.0132 3.09
0,0059 1.92
0.1180+ 67.33+
0.0095 3. 14
0.1143+ 60,62+
0.0193 2.89

* Mean values (10 animals/group) with standard error.

=Gl -



Table 96

Analysis of variance - Pancreatic weights

Source ar, Ss. MSS. F.
Between treatments L 1.0054 0.2513 13.22%%
Error by 0.8557 0.0190
Total Lo 1.8611

-------—--h----------n---—-—-w--——u--—---n——ﬁ----—--——---n--c—-—--——---ﬁ

** Significant at 1% level

Critical difference; 0.1024h at 5% level
0.1348 at 1% level

Mean values: 09k, B = 0.7869, C = 0.4156, P = 0,4909,

= 0.5
E = 0,3880,




SECOND SERIES OF EXPERIMENTS

Table 97

Body weight in g. of animals receiving diets containing cowpea and tur dhal,
raw and autoclaved, supplemented with methionine and tryptophane.

Diet F
Weeks
Rat No.
0 1 2 3 4
1 60,0 64.0 75.0 85.0 111.0
2 60.0 65.0 69.0 74.0 79.0
3 5540 58.0 _ 61.0 70.0 81.0
4 47.0 50.0 ' 55.0 60.0 70.0 :
5 53.0 57.0 60,0 67.0 79.0 EE
6 51.0 55.0 60.0 68.0 81.0 :
7 61.0 70.0 77.0 88.0 100.0
8 50.0 55.0 59.0 63.0 740
9 50.0 57.0 62.0 66.0 75.0
10 54.0 58,0 62.0 69.0 76.0
{g.‘a&c 54.1+ 58.9+ 64.04 71.0+ 82,6+
Error 1.54 1.84 2,28 2,85 1.26




Table 98

= ghiss

Diet G
Weeks
Rat No.
0 1 2 3 4
1 53.0 66.0 74.0 85.0 95.0
2 55.0 66.0 73.0 88.0 98.0
3 53.0 69.0 76.0 87.0 104.0
4 53.0 65.0 75.0 8640 102.0
5 51.0 64.0 71.0 79.0 89.0
5 5540 64.0 75.0 82.0 94.0
7 60.0 73.0 78.0 92,0 103.,0
8 53,0 62.0 74.0 86.0 99.0
2 52.0 63.0 69,0 83.0 94.0
10 50,0 62.0 69.0 80.0 93,0
Average ¢ |
Standard o e 355 "o s




Table 99

Diet H
- Weeks
Rat FNo. . .
o 4 2--- A 4
1 56.0 62.0 790 - 92,0 109.0
2 51.0 58.0 63.0 86.0 102.0 :
3 7.0 51.0 60.0_ 76.0 92.0 -
4 48.0 57.0 63.0 77.0 90.0 ~
5 53.0 62.0 7040 87.0 96,0 !
6 560 74,0 83.0 108.0 114.0
7 50.0 560 67.0 90,0 125.0
8 56,0 70.0 86.0 100.0 110.0
9 54,0 e 67.0 84.0 92,0
10 49.0 59.0 77.0 90.0 98.0
R R~ T R

Error




Table 100

Diet I
Weeks
Rat No.
0 1 2 3 4
1 57.0 73.0 97.0 106.0 112.0
2 5540 6540 91,0 411.0 139 .0
3 50,0 59.0 86.0 97.0 120.0 :
4 44.0 5640 7540 86.0 101.0 =
5 57.0 6640 90,0 105,0 126.,0 :
6 52.0 710 88,0 91,0 119.0
7 59.0 71.0 96.0 112,0 139.0
8 51.0 64.0 T30 83,0 108.0
9 55.0 65.0 87.0 94,0 1040
10 69.0 79.0 103.0 111.0 128.0
Average ¢
Standazd % X ot 0 e

Error.




Table 101

Weight gain, feed consumption, protein efficiency values of animals fed diets F, G, Hand I
supplemented with methionine and tryptophane.

Diet F
Initial Final Weight Food Protein Protein efficiency
Rat No. weight weight gain intake intake value
() (g) (2) (g) (&) (PEV)
1 60,0 111.0 51.0 194..7 19.5 2,61 )
2 60,0 79.0 19.0 136.8 13.7 137 <
3 5540 81.0 26.0 140.6 14.1 1.84 ‘f’
4 47.0 70.0 33.0 122.6 12.3 1.87
5 53,0 79.0 26.0 144.4 14.4 1.81
6 51.0 81.0 30.0 147.3 14.7 2.04
7 61,0 100,0 39.0 171.0 1741 2.28
8 50.0 74.0 L7 124.5 12.4 1.92
9 50,0 75.0 25,0 132.5 13.2 1.88
10 54.0 76.0 22.0 129.7 12.9 ik 1.71
B S %8 vk us s




Table 102

Diet G
Initial Final - Weight Food Protein Protein efficiency
Rat Fo. weight weight gain intake intake value
(s) () (g) (&) (&) (PEV)
1 53,0 95.0 42,0 166.2 16.6 2.53
2 550 98.0 43.0 170.5 1724 2.51
3 53.0 104.0 51.0 195,7 19.6 2,60
4 53.0 1020 49.0 186.2 18.6 2.63
5 51.0 89.0 38.0 167.6 16.8 2,26 :
6 55.0 94,0 39,0 172.4 17.2 2.27 @
7 60.0 103.0 43.0 181.9 18.2 2.36 4
8 53.0 99.0 46.0 179.5 17.9 2.57
9 52.0 94.0 42,0 163.8 16.4 2,56
10 50,0 93.0 43.0 168.6 16.9 2.54
e Oy R 2s Gm | wh o

Error




Table 103

=191 -

Diet H
Initial Final Weight Food Protein Protein efficiency
Rat No. weight weight in intake intake value
(s (e {® (o) (&) (P2v)
1 56,0 109.0 53.0 167.7 16.8 3.15
2 51,0 1020 51,0 157.7 15.8 3.23
3 47.0 92.0 45.0 151.,0 15.1 2.96
4 48+0 90.0 42,0 151.5 15.2 2.76
5 53.0 © 9640 43.0 160.0 16.0 . 2469
6 56,0 ' 114.0 58,0 50049 20,1 2,88
7 50.0 125.0 7540 . 179.5 17.9 S A
8 5640 © 110.0 54.0 178.6 17.9 302
9 54,0 92,0 38.0 144.8 14.5 2,62
10 49.0 19840 49.0 168.6 16,9 2.96
R T

Error




= gel =

Diet I
Initial Final Weight Food Protein Protein efficiency
Rat No. weight weight in intake intake o value
(& (s &) (e) ® = (per)
1 57.0 112.0 5540 16643 16.6 3.31
2 5540 139.0 84.0 162.9 16.3 5¢15
3 50.0 120.0 70.0 143.9 14.4 4.86
4 44.0 104.0 57.0 142.5 14.2 4,01
2 57.0 126.0 69.0 165.3 16.5 4.18
6 52,0 119.0 67.0 155.3 15.5 4.32
7  59.0 139.0 80.0 182.3 18.2 4.39
8 5140 108.0 570 151.0 15.1 51T
9 5540 104.0 49.0 131.0 13.1 3.74
10 69.0 128.0 59.0 190,0 19.0 3.11
e e i S e

Error




Table 105

Hitrogen balance studies.

Diet F
Body Body NitZogen N.Exeretion (4 days Nitrogen Nitrogen Percent
Rat No. weight ﬂur&hce intake - balance balance nitrogen
& o’ (4 days) Urinary Faecal  Total ng. /day ng,/100  retention
mge. ng. ng. ng. cm - body
' surface
1 111.0 21004 577.6 234.4 66.8 . 360842 69.1. 32.8 47.8 ;
2 79.0 172.5 304.0. 16945 4849 21844 21.4. 12.4 2841 =
3 810  175.2 379.0 19545 6046 256.1 3067 1745 32.4 S
4 70,0  160.4 356.8 206.1 3545. - 141.6 53.8 3345 60,3 '
5 79.0  172.5 364.8 126.5 66.9 193.4 38.8 22.5 4240
3 81.0  175.2 ~  372.8 - 15442 5342 - 207s4= - - 4%e3 23,6 44.4
7 100.0 19847 508.8 147.8 101.4 24942 64.9 32,6 51.0
8 74.0 165.9 3344 15047 28385 ° 17985 38.7 23,3 46.3
9 75.0 167.2 321.0 112.0 88.9 200.9 30.0 17.9 37.4
10 7640 168.6 342.4 147.5 758 23553 29.8 177 34.8
" o ¢ v rEowe oox o=n

Error




Table 106

Diet G
: Body Body Nitrogen N.BExeretion (4 days) Nitrogen N. balance Percent
Rat Ho. Yelent surface intake balance m3-2/100 nitrogen
8. cm (4 days) Urinary TFaecal Total ng. /day em“ body retention
mge ; mg e ng. ng. surface
1. 95.0 192.7 440.0 154.4 92.4 246.8 48.3 25.1 43,9
2 98.0 196.3 427.0 135.2 T4 T 209.9 54.3 2] 50.8
3 104.0 203.4 456.0 118.4 6543 183.7 68.1 33.5 59.9
4 102.0 . 201.1 384.0 129.6 33.8 163.4 5541 27.4 574
5 89.0  185.3 336.0 171.7 504 221.1 28.7 15.5 34.2
6 94.0 194.4 344.0 124.6 88.4 213.0 33,0 Sil-2 3841
7 103.0  202.2 400.0 140.4 64.5 204.9 48.8 241 48.8
8 99.0  197.5 432.0 118.5 543 172.8 64.8 32.8 60.6
9 94.0 191.4 368.0 152.0 34.8 186.8 45.3 23T 49.2
10 93.0 190.3 368.0 194.0 7845 272.5 23.9 12.5 25.9
e T DrE o wRm o W %h R U8 UE 5@

Error
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Table 107

Diet H
Body Body Vitrogen - NeExcretion (4 days) : Ritzmgbn N. dbalance Percent
- Rat No. w,e_:?ht a::?ee (in;:;:) Urinary Paecal Toal | l:;??nﬂ:; 252/;233' :::::%e:n
nge nZge Y 7: 8 e surface :
1111 a
1 109.0  209.2 60830 144.9  162.5 307.4 751 35.9 49.4
2 102.0 - 201.1 480.0 124 .1 37.5  161.6 79.6 39,6 66.3
3 92,0  189,0 464.0 118.4 5443 172.7 T2.8 38.5 62.8 '
4 90.0 - 186.5 416.0 113.8 T4-5 188.3 56.9 30.5 54.7 -
5 960 193.9 . 400.0 163.8 .. 53.2  217.0  45.7  23.6 457 &
6 114.0 - 211.9 . 416.0 "119.4 44.4  163.8 63.0 29.7 60.6 !
7 125.0 - 227.2 640.0 162.8 63.4 226.2  103.4 45.5 64.6
8 110.0 - 210.4 .592.0 118.4 102.5  220.9  92.8 44.1 62.7
9 92.0 - 189.0 480.0 182.3 .7 2240  64.0 33.9 53.3
10 98.0 - 196.3  480.0 ©125.0 41.9 72,9 6.8 39.1 63.9
Srorake °102,84 201.4s 497.6% 137.3+ nggg 0 % ;Bgzgi e+

Error

3.61

27.13

T.71




Table 108

Diet I
Body  Body Nitrogen N.Excretion (4 days) Nitrogen WN. balance Percent
Rat Fo. weight surface intake : balance ngz/‘!oo nitrogen
g cm (4 aays) Urinary Faecal Total ng.fday em® body retnetion
mg. mge ng. ngs surface.
1 112.0 212.7 456.0 168.0 4845 216.5 59.9 28.2 5245
2 139.0 242.2 50440 1251 354 160.5 85.9 35.5 68.1
3 120,.0 221.7 480.0 135.5 234 158.9 80,3 36.2 66.9
4 101.0 199.9 432.0 124.6 276 15222 69.9 34.9 64.8
5 126.0 228.3 - 608.0 1715 102.4 273.9 855 36.6 54.9
6 119.0 220.6 536.0 134.9 94.4 229.3 76.7 34.8 572
7 139.0 242.2 54440 105.8 27T 133.5 102.6 42.4 75.4
8 108.0 208.1 432.0 128.1 33.8 161.9 67.5 32.4 62.5
9 104.0 203.4 480,.0 95.8 47.5 143.3 84.2 41.4 T0.1
10 128.0  230.4 384.0 120.5 5843 178.8 51.3 22.3 53.4
e v 2 e o o0 W TR MR SR

Error
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Table 109

Digestibility coefficients of dry matter, protein, carbohydrate Qnd fat in the diets
containing raw and autoclaved cowpea and tur dhal, supplemented
with methionine and tryptophane.. (Diets F, G, H and I)

Diet F |
1 111
Rat No. Dry matter Protein Carbohydrate Patt
1 87.2 86.4 93.1 94.1 l
2 90.0 83.9 - 94.5 . 93,1 3
3 82,2 84.0 96.7 : 92,6 '
4 88.2 ' 90.0 98.1 90.8
5 87.3 81.7 95.4 91.0
6 94.3 85.7 93.8 95.4
7 89.3 80,1 96.4 9342
8 87.6 9144 L - 90,1
9 86.3 72.3 89.4 89.9
10 87.1 779 91.2 91.3
Average ¢ 87.9+ 83.5+ 947+ 92.1+
Standard _ 0,97 1.84 0,92 0.57

BError




Table 110

- 88L -~

Diet G

Bat Bo.  Dry matter Protein : Carbohydrate Fat

1 etz .m0 %2 90.3
2 '90.8 825 90.5 g2

3 190.8 85.7 9143 89.9-
4 92,3 9.2 95.4" 93,3

5 94.9 /85,0 96.5 196.8

6 86.0° 743 9341 954

7 90.3 _ 83.9 961" 9341
8 90.1° 874 - 19341 88.4 .
B 92,2 90.5 18949 189.T

10 85.9 78*._? ' - 88.8 g95.1
dverage ¢ '90;41 83.84+ 92,7+ 192, 3.
Standard : " 0.87 . 2,26 . Lo,.af . 93:35

Er_:oz




Table 111

Diet H
- Rat No.  Dry matter - Protein - Carbohydrate Fat
1 95,2 133  96.8 9341
2 94.4 92,2 971 93.1 '
3 947 88.3 89.9 90,6 2
4 " 9445 - 82,1 82.5 90.8 .
5 9441 86,7 9341 . 89.6 ‘
7 9405 9901 ] 9901 9104
8 9446 82,7 95.4 93.4
2 93.4 91.3 9}02 - ?168
10 94.5 90.0 89.1 954
dverage 5 9.3+ 86.64 92,91 . 95-6.*.-..
Standard 0.3 “1.82 0,89 "0.93

Error




Table 112

Diet I

Rat No. Dry matter Protein Carbohydrate Fat

1 95.1 89.4 94 .1 90,1

2 94.7 92.9 93.2 92.2

3 94.5 95.1 90.7 89.1

4 95.9 9346, 93.4 9243

5 96.2 83.1 22,1 941

6 95.1 82.4 88.9 90.3

7 95.4 94.9 91.5 90.8

8 95.1 92.2 93.6 20,7

9 95.6 90.1 92.6 93.6

10 94.5 84.8 98.4 95.1

Average c

95.2+ 89.8+ 92,8+ 91.8+
Standard 0.1 1,52 0.78 0,62

Error

=o€ =



Table 113

/Sunmarised data® on body weights in g. recorded in respect of groups of rais maintained on
\/// diets F, G, H and I, supplemented with methionine and tryptophane.
(Vide Tables 97 to 100)

: Fo.of Food Heolks
R animals intake
0 1 2 3 4

F 10 144.4+ 54414 58.9+ 64.04 71.04 82.6+
7o 11 1.52 1.84 2.28 2.85 1.26
G 10 175.2+ 5345+ 65¢4+  T3e4% 84.8+ 9714
3.24 0.97 1.08 0.93 1.23 1.55
" 10 166,04 52,04+ 61,2+ 70.84 89.0¢ - 102.8+
5433 1.09 2,13 2.76 5.86 3.61
I 10 159.0+ 5449+ 66.9+ 88,64 9964 119.6%
5.74 2,08 2.15 2.94 3.43 4.27

-“161 =

# Mean values (10 animals/group) with standard error.



Table 114

/ Summarised data® on body weight gain feed consumption and protein efficiency values, re¢orded
in respect of groups of rats maintained on diets F, Gy, Hand I

(Vide Tables 101 to 104)

: Body -weight : : ‘ ;
Diets No.of - Weight - Food Protein goteln
animals Initial Final gain intake intake effigiancy
(e.) (e.) . 3 - ey (3 . ratio I
= : : }—gl
¥ 10 54212 82,64 28.5+ 144.4 1442 1,934 ,
0027 1.55 1.28 3.24 0.32 0013 .
H 10 52004 102.8+ 50.8+ 166,04 16.6+ 3,044
1.09 3,61 0.33 5.33 0.53 0.14
I 10 549+ 119.64 64.7+ 159.04 159+ 4.08+
2.08 4.27 25T 5:74 0.81 0.20

#* Mean values (10 animals/group) with standard error.



Table 115

/lSnmarised data * on hitro&én retention recorded in respect of groups of rats maintained on
\/ diets F, G, H, and I supplemented with methianine and tryptophane

(vide Ta‘bles 105 t0 103)

‘ - ... Nitrogen Exzeetion(4 days) - . Nitrogen. :
Veight Body  Fitrogen ' ' -~ HNitrogen balance Percent
Diets in(g.) . °Surface intake ‘ . balance mg./100  HNitrogen
<) 2 - (4 dags) Uninary Faecal Total = wmg./day a2 bo ay retention
in( ' Mge. . Mg . Mg ' - surface ‘
L
F 82,6+ 176.7+ 396. g% 164.43  62.T+  217.1%  41.8+4  23.3 42.44 et
1.26 4,95 27,66 11,86  7.12  15.73 5.02 2,39 3.04 ‘
c 97.12  195.2¢  395.5&¢  143.9% . 63.7+  207.54 47,04 23.04  46.9%
E  102.8+  201.4s  497.6s  137.3%  68.24  205.5s¢  73.0s  36.04  58.4s
3.61 4.12 27.13 T«T1 5495 13.99 5.34 2,13 2,25
I 119.6x  220.9s  485.65  130.9s  49.9+  180.84 7628 345 62.64
4.27 4.5  20.62  7.54 _ 8.80 14.15  4.63 1.86 2.47

# Mean values (10 animals/group) with standard error.



Table 116

Summarised data on digestibility coefficient recorded in respect of rats fed diets containing
raw and autoclaved cowpea and tur dhal, supplemented with methionine and tryptophane

(Vide Tables 109 to 112)

Diets Dry matter Protein Carbohydrate Fat
]
F 87;910.397 | 83.541.84 97+440.92 92+%140.57 ‘E
; ]
G 90.440.87 83.842.26 92.740.84 92.3+0.89
H 94.340.17 86.6+1.82 92.940.89 91.6+0.93
I 95.220.16 * 89.841.52 92,840,786 91.840.62




Table m

Analysis of variance--Body weight gain in g. "

Source af. - S8, - HNSS. - - F..
Botween treatments 4 . 6887.0 1721 .75_\‘ 13.00%
Error 45  5015.0 131.44
Total ' 49."' - 11902.0 -
# Significant at 1% level
Critical difforences - N '
8.42 at 5% level
11.09 at 1% level
He 50-8' Is 64-7’ c = 4309

Mean valuess F = 28.5, G = 43.6,

.- 661 -



Table 118

Analysis of vaydance--Protein efficiency values

Source dfe S8, MsS. Pa
Between treatments 4 26.6894 6.6723 2/, 07%w .
Error 45 12.0433 0.,2676 0
: '
Total 49 38,7327
%% Significant at 1% level
Critical difference:
>3 0.41 at 5% level
0.54 at 1% level
HMean values:s F « 1,93, G = 2.48, H= 3,04, I =4.,08,

C = 2,47



Iable 119

Analysis of variance--per cent Hitrogen retention

Mean values:
Fu 43134. G = 46-91

i = 58.4,

Source df. 8s. MSS.
Between treatments 4 8592,21 2148,05  44,68%%
¥rror 45 2163.24 48,07
Total 49 10755445

## Significant at 17 level
Criticgl difference:
T+23 at 5% level
9.53 at 1% level
I = 62.6’ C = 79.7

= L6l =



Table 120

Analysis of variance--Digestibility coefficient of Protein

49 1900.60

Source af. S8, MSS, F.
Between treatments 4 539.91 134,98 4o 46W%
' '
Error 45 1360.69 30.24 =
: I
Total i

#% Significant at 1% level
Critical differences

5.01 at 5% level
6.59 at 17 level

Mean values:

F =835, G =838, H=B86.6,

I = 89.8, C = 92,9



Table 121

Analysis of variance--Digestibility coefficient of carbohydrate

Source af. 5S. MSS, ¥,
Between treatments 4 30434 7.58 1.06
Error 45 320.80 713
Total 49 351.14

Not significant

- 66L =



Table 122

Analysis of variance--Digestibility cocfficient of fat

Source af. 88, MSS. F.
Between treatments 4 2.99 0.74 0.0001
‘Brror 45 2071.39 46.03
Total 49 2074.38

Not significant



Regd blood cell concentration of animals receiving diets F, G, H and I
Diet F—=R.B.C. in millions/mm3

Table 123

" Heeks
Rat Wo.
L o 1 2 3 4
1 6.26 7.53 7.76 7.09 8.49
2 7+64 779 7.68 8.15 6.78
3 7.56 7.78 7.1 7.69 B.26
4 7.09 7.66 7.50 T.32 7.18
5 7.T1 7-94 755 7.79 8.17
6 Te4% T+33 8.06 7.42 T.T2
7 7.01 Te12 7.62 7.65 7.92
8 7.60 T.56 766 7.45 7.97
9 734 7.80 Te54 To71 T.52
10 T.21 Te41 T.56 7.98 T+37
Swima e e e T

Brror




Table 12%

Errer

(R.B.C. in milliona/hm?)
- BSghe
Ueeké
Rat Ho. -
0 3 ' 2 3 4
1 6.90 T<70 7.78 7.94 8.04'_
2 7.09 724 8.21 801 8,02 ’
; N
3 7.02 7450 7451 8.35 8437 S
5 T35 T:44 T:24 7459 Ts 62
7 6,71 6485 717 7490 8.01
8 6.83 T+34 TS5 8.04 8.08
10 6.81 6491 710 T+43 T+55
Average ¢ 6,964 7a324 74564 T.884 7.98+
Standard 0.08 0,09 0.16 0,08 0.07




Table 125

{R.B.C. In milltona/hmB)

- €02 -

Diet H
Weeks
Rat No.
0 1 2 3
1 T.43 T73 7.98 7.88
2 6.48 T7-47 T34 T.49
3 6.09 6.78 7+19 7.94
4 T.32 T-T4 T-T5 7.81
5 T7.64 Te33 T34 792
6 6.88 7.38 T.67 7.82
7 6.54 6.60 T-€4 8.14
8 7.21 7.30 7.68 7.92
9 7.01 T.24 T.48 7.64
10 7454 7.04 7455 7.60
e ot ot s

Error




Table 126

(R.BuCs in milliona/hms)

Diet I
Weeks
Rat No.
0 1 2 3 4

1 T+45 T.54 173 7.82 7.91 i
2 Te32 Tedd 7.96 T+ 97 7.92 »
3 7.01 Sy % 3 7.91 -T=99 8,04 =
4 Te41 7.09 8422 . 8402 8.21 :
5 T.54 Te62 8.18 8.21 8.22
6 T.84 7+94 760 8.41 8.52
7 Te54 7.78 752 7.82 8.22
8 7.68 TeT3 7.8% 7.91 8+04
9 7.02 6.90 7.04 765 795

10 745 7.62 8433 8042 6e51

Stamtara  J-43: I L L

Error




Table 127

Haemoglobin concentration of animals receiving diets F, G, Hand I

(Haemoglobin in g./100 ml.)

- 0% =

Diet F
Weeks
Rat No.
(- ) % ¥ 4
1 13,2 13.9 14.7 15.3 1544
2 13,7 13.7 14.5 13.9 14.5
3 15.0 15.0 15.0 1543 15.5
4 14.5 14.8 14.8 1445 14.6
5 14.3 14.8 14.8 14.8 14.8
6 13.9 14.7 14.8 14.8 14.8
7 14.4 14.8 14.6 15.1 15.2
8 14.3 143 1443 1445 14.9
9 14.2 14.5 14.6 14.7 15.0
10 1349 1445 14,6 14.8 14.8
sttt '8 s 5l e

Error




(Haemoglobin in g./100 ml.)

Table 128

Diet G
Weeks
Rat Fo.
0 1 2 3 4
1 14.0 14.5 14.7 147 14.8
2 13.7 14.0 1422 14.7 14.4 :
5 14.2 14.2 14.7 14.5 14.8 §
4 14.4 14.7 14.8 14.8 1504 )
5 1441 1445 1443 14.5 1540
6 13.6 147 1346 147 1540
7 145 1540 1542 1543 15¢4
8 14.0 1445 1443 1442 1445
9 14.0 1445 151 15.3 15.5
10 14.2 1444 14.6 14.8 1540
Standeva: 408 e g T 555

Error




Table 129
(Haemoglobin in g./100 ml.)

Diet H
Weeks
Rat No.
0 1 2 3 4
1 13.5 13,5 1445 15.2 155
2 145 1445 14.6 14.7 15.0 \
3 13.8 1440 14.5 15.5 157 3
4 13.2 14.5 14.5 15.3 15.4 &
5 14.1 14.5 15.5 15.4 15.6 ‘
6 142 14.0 14.5 15.0 1542
T 14.2 14.5 14.5 14.2 149
8 13.8 14.5 14.5 15.0 15.2
9 15.0 15.0 15.0 15.0 15.4
10 14.2 14.0 15,0 15.5 15.0
samira % e Wk Tk . B3

Exrror




Table 120
(Haemoglobin in g./100 ml.)

=80¢

Diet I
Weeks
Rat No.
0 1 2
1 14.5 14.5 14,6
2 14.7 15.0 15.1
3 13,7 14.0 14.4
4 1445 14,0 1404
5 14.2 15.0 15.9
6 1442 15.8 15.5
7 1443 14.5 14.7
8 14.8 15.5 15.0
9 14.3 14.2 14.5
10 14.5 15.0 1541
i1ggage © 14e44 14.7+ 14.9+
standard 0,09 0.17 0.13

Error




Table 131
Plasma protein conCentration of animels maintained on diets F, G, Hand I
(Values in g,/100_m1.)

Wﬁiets

~-60¢ -

Rat No. — -
F G H I
1 ) 645 " 648 6.5
6.8 - 643 C 689 6.3
645 509 w638 6.8
4 D % | 863 6.8 : 7455
5 : 7.0 6.2 Tat - 6.9
6 6.7 6.4 6.9 ' 65e4 .
7 648 549 6.5 7.0
8 6t 6.8 6.3 : 6.5
9 6.7 6.2 7.0 - 6.8
10 5.6 67 7.0 645
s W8 B 4

Error =




Table 132

]
Effect of feeding cowpea and tur dhal diets at 10% protein level on nitrogen basis, raw and
autoclaved,supplemented with methionine and tryptophane (Diets F, G,

H and I) on red blood cell concentration.

VA
(R.B.C. in millions/mm’)
Weeks
No.of
Diets ninals -
0 1 2 3 4

¥ = 19 T.28+ Te59% “T.664 7.624 TeT34
0.13 0.08 0.05 0.09 0.16
G 10 6.964 B Ta32¢ 0564 7.884 7.98+
0.08 0.09 0.16 0.08 0.98
H 10 To14a ' T.26% T564 7.824 To86%
0.08 0.11 0.12 0.08 0.07

# Mean values (10 animals/group) with standard error.

- Q)&=



Table 133
1

Summarised data®™ on plasma protein and haemoglobin concentration of animale maintained on diets
F, G, H and I (Vide Tables 127 to 131)

J (values in g./100 ml.)
Diets No.of Plasma gleeks
animals protein 0 1 5 3 4
F 10 6.7+ 14,12 14.54+ 14474 14.84 14.94 :
0,08 0.15 0.13 0.06 0.13 0.07 =
i
G 10 6e34 1414 14,54 14454 14.7+ 15.04
0.10 0.08 0,08 0.14 0.19 0,53
H 10 6T+ 14,04 14.34 14.7+ 15014 153+
0.09 0.16 0.13 0.22 0.12 0.08
T 10 6.7+ 14.4+ 14.7+ 14.9+ 15.2+ 15.34
0.08 0,09 017 0.13 0.14 0.08




Table 134

Analysis of variance--Red blood cells

Source af. 8S. MSS. F.
Between treatments 4 1.0394 0.2598 2028
Error 45 5,1286 o.\130
Totﬂ.l 49 : 6.16&0

Hot significant

SIELE -



Table 135

of variance--Haemoglobin concentration

Analysise
(g./100 ml.)

Source af. 5S. MSS. F.
Between treatments 4 4,19 1.048 9o 1T7%¥
Error 45 514 0.114
Total 49 9.33

#* Significant at 1% level.

Critical differences
0.32 at 5% level
0.42 at 1% level
H = 15,3, I =15.3, C = 14.5.

Mean valuess

F = 14.09, G = 15.0,

gifle =



Table 136
Analysis of variance--Plasma protein

(g+/100 m1,)

Source af. 88, MSS. .
Between treatments 4 1.27 0.3175. 6.0%*
Exrror 45 2.38 C.3528
Total 49 3.65

#% Significant at 1% level
Critical differences

0.34 at 5% level
0.45 at 1% level

Mean valuess

F = 6.7, G = 6.3’ H = 6.7' I = 6.7. c = 6.5.

- mle -



)

Glutamic-Oxalo acetic transaminase and Glutamic-Pyruvic transaminase levels in
in serum and liver of animals maintained on diets F,G,H and I,

Table 137

Diet F
Glutamic - Oxalo acetic transaminase Glutamic-Pyruvic transaminase
Rat No.
Serum/units/ml. Liver/units/g.liver Serum/units/ml. ILiver/units/g.liver
1 98,0 325.0 215.0 ' 588.0
2 100.0 465.0 118.0 612.90
3 112,0 318.0 187.0 608.0
4 120,0 374.0 201,0 514.0
6 124.0 594.0 189.0 475.0
Average ¢ 114.0+ 428.04 184.7+ 539+2%
Standard 17.16 44,21 13.94 30.23

Error

- 61T =




Table 138

Diet G
Glutamic - Oxalo acetic transaminaae' Glutamie - Pyruvic transaminase
Rat No.

Serum Liver Serum Livexr
units/ml. units/g. units/ml. units/g.

1 123.0 452.0 187.0 458.0

2 142.0 36840 213.0 584:0

3 135.0 54640 . 219.0 612.0

4 130.0 340.0 192.0 574.0

5 110.0 218,0 199.0 535.0

3 1040 415.0 184.0 435.0
Average ¢ 124.0+ 238.93 199.0% 5330+
Standaxd 5.99 45.22 5.81 29,30

Error

- 01T -



Table 139

Diet H
Glutamic-Oxalo acetic transaminase Glutamie~Pyruvic transaminase

R.t No. Sﬂm! Liver Sem Ili“r
units/ml. units/g. units/ml. units/g.

1 112.0 495.0 ‘ 208.0 648.0

2 109.0 35840 192.0 535.0

3 130.0 5540 189.0 43%38.0

4 141.0 467.0 218.0 640.0

5 128.0 514.0 201.0 535.0

6 1050 618.0 1940 528,0
Average ¢ 120.8+ 501.0+ 200.3+ 554.04
Standard 5.81 11.27 4.51 32.18

Error

- L2 -



Table 140

Diet I
Glutamic-Oxalouacetic transaminase Glutamic-Pyruvic transaminase

Rat Fo. Serum Liver Serum Liver
units/ml. units/g. units/ml. units/g.

1 . 110,0 463,0 215.0 645.0

2 ‘ 108.0 592.0 206.0 53840

3 112.0 452.0 +199,.0 687.0

4 125.0 464.0 208.0 742.0

5 140.0 3688.0 187.0 518.0

6 120.0 412.0 193.0 438.0
Average ¢ 119.24 461.62 201.34+ 594+ T4
S —— 4.93 28.85 422 47.04

= gl =



Table 141

Data on liver glycogen conctent of animals maintained
on diets F, C, H and I.

Diets
Rat -
No. F G H I
Liver Liver Liver Liver
1 2.57 2.8T 2.58 2.26
0
2 2.21 2.16 2.67 3 TT )
3 2.52 2.13 2.83 2.12 ®
i
4 2.72 2.01 2.82 2,60
b 2.06 2.16 2.50 2.65
6 2.62 2:51 2.84 2.52
Average ¢ 2.45% 2.31+ G Y 2.65+

Error




Table 142

/  Summarised dut;'on Glutamic~Oxalo acetic transaminase, Glutamic-Pyruvic transaminase
k// levels in serum and liver of rats fed diets containing cowpea and tur dhal
at 10% protein level, supplemented with methionine and tryptophane.
(Diets F, G, H and I) -

Glutamic-Oxalo acetic transaminase Glutamic-Pyruvie transaminase
Ho. of ——— :
PR animals. Serum Liver Serum Liver

units/ml. units/g. units/ml. units/g.

P 6 114.04 428.0+ 184.7+ 539.2+
17.16 44.21 13.97 30.23 .
n
G -k 12408 239.9+ 199.04 533.04 e
599 45,22 5.81 29,30 ;

H 6 120.8_"; 510.0i 200. 5_"; 544w0_t

581 11.27 4.51 32,18

I 6 119.24 416.8+ 201.3+ - 594.T+

4.93 28,85 4.22 47.04

¥Mean values (6 animals/group) with standard error.



Table 143

Summarised data® on glycogen content of liver recorded in respect of animals
maintained on diets-F, G, H and I.

A (Values in g./100 g. tissue)
Body _
Diets H°;ﬂz§8 weight of lni“°r
- animals (g.) gLyoegsn
F 6 2.6+ 2.45+
1.26 0,10
* o
e = 6 I8 2.314 2
_ VR 0.13 0
H 6 102,80+ - _2. 71 '
3,61 0.01
I 6 119.64 2.654
4,27 0.06

J.

% Mean values (6 animals/group) with standard error.



Table 144
Analysis of variance-Glutamic-Oxalo acetic transawinase in Sevawm (unils /wl)

Source daf,. SS. MSS. F,
Between feeds 4 320.9 80.225 0.39
Error 25 5057.0 202,208
Total 29 537709

Kot significant

- g2 ¢



Table 145

Analysis of variance-Glutamic-Oxalo acetic transaminase in liver (units/g)

T,

Source af B8S. MSS.
Between feoeds 4 40604.0 10151.0 1.26
Error 25 201390.0 8055.6
Total 29 2419940

Not significant

- g£eC =



Table 146
Analysis of variance-Clutamic-Pyruvie transaminase in serum (units/ml).

Source af 88, MSS. B
Beyveon feeds 4 1110.2 27755 2.08 i
Error 25 3437.7 137.51 g

!
Total 29 4547.9

Fot significant



Table 147

Analyeis of variance-Glutamic-Pyruvie transaminase in liver (units/g)

Source arf, 88, MSS. F.
Between feeds 4 95440 238.5 0.294
Error 25 202630.0 8105.2

Total 29 203584.0

Not significant

- gge -



Table 148

Analysis of variance-liver glycogen

Source daf. SS. MSS. r,
Between feeds 4 0.7674 0.1918 ‘14 .55;5:-’,‘:
Error 25 3.0965 0.123%9

Total 29 3,863%9

Not significant



Table 149

Liver protein and liver fat contents of animals maintained on

Diets F, G, H and I.

Diet F

Rat No. Body wt-

Fresh wt.of Liver

Total Lipids

Total Protein

wt in g. % of body wt.~ % of Fresh wt mg/100g rat % of Fresh wt mg/100g rat
1 111.0 7.66 6.96 2.84 197.8 15.14 - 1044.8
2 79.0 5.62 Tt 3,12 221.9 13.38 951.8
3 81.0 6.38 7.88 2,58 203.2 16.45 1295.6 '
4 70,0 4429 6.13 344 210.8 15.15 928.5 L
5 79.0 5,69 7.20 4.04 290.9 17.01 1225.1 T
3 81.0 3.14 3.88 2.85 110.4 14.03 5439
7 100.0 6.11 6.11 3.84 234.6 12.14 T741.7
8 74.0 4.80 6049 5017 33543 11.05 716.7
9 75.0 4.02 5.36 4453 242..8 10.78 57748
10 T76.0 4.235 5056 2,23 194.1 10.54 586,6
Average ¢ 3 : 1 13 1.2
Samtara 2 Tk G s’ o TORA ol




Table 150

Diet G
Fresh wt of Liver Total Lipids Total Protein
Rat No. Body wt.
wt in g. % of body wt. % of Fresh wt. mg/100g rat % of Fresh wt mg/100g rat

1 95.0 3453 3471 4.12 137.8 15.78 586.3

2 98.0 3«54 3.61 343 . 12349 1643 593.5

3 104.0 4.99 4.79 3.28 1574 . 15483 759.5 :
4 102.0 335 328 454 149.1 14.55 477.9 -
5 89.0 3.03 3.40 .6.18 . 210.3 16.04 546.1 o
6 94.0 . 4.64 4.63 533 . 2631 13.88 685.1 '
7 103.0 6429 6.11 4415 25344 14.55 888.5

8 99.0 - 570 - 576 .5.16 297.1 ; 16.84 969.6

9 94,0 . 5409 =Y 6,14 . 332.5 15475 . 852.8
10 93.0 .S58y 6.01 5.13 . 30843 . 20414 1210.6

= Y 4.57+ 4.67+ 4.75+ 223.3+ 15,984 75694+

Error

1.55 0.36 0.35 0.32 24.56 0.54 71.5




Table 151
Diet H

Fresh wt of Liver

Total Lipids

Total Protein

Rat No. Body wt. :
: wt in g. % of body wt % of Fresh wt mg/100g rat Pof Fresh wt mgf100g rat
1 109.0 743 6.82 4214 282.2 18.44 1325.1
2 102.0 6.32 6.19 8.15 195.2 15.32 94942
3 92.0 5480 6.30 3,05 192.3 16.43 1035.8
4 : 90,0 5.74 6.38 4.44 283.2 16.85 1074.6 .
5 96.0 6.84 7012 4.55 324.2 15.35 1093.7 2
6 114.0 5.45 4.78 6.84 327.0 14.88 T11.4  ©
7 125.0 9.41 7.53 5.15 387.7 14.32 1078.0 !
8§ . 110.0 8. 66 7.87 4.31 339.3 16.82 1224.2
9 92.0 5.34 5.80 4.35 252,5 21.40 1242.1
10 98.0 6.12 6.24 4.59 286.6 15.55 971.1
Sl W SN S 44k o5t O S

Error




Table 152
Diet I

Fresh wit of Liver Total Lipids Total Proteins

Rat No. Body wt.
wt in g. % of body wt. % of Fresh wt ng/100g rat % of Fresh wt mg/100g rat

1 112.0 5.19 4.63 3,01 139.5 24.85 1151.5

2 139.0 6.49 467 3.84 1793 13.14 613.5

3 120.0 6.63 5052 4.11 227.1 16.84 930.4 4
/i 101.0 4.48 443 425 18845 15.45 685.3 &
5 126.0 8.68 6.89 4.58 315.5 19.43 1338.5 °
6 119.0 5.83 4.90 | 5,31 260.1 20.15 987.2
7 139.0 9.42 6.T7 8.02 5435 15.83 1072.8

8 108.0 6.99 6.47 2,01 130.1 16.46 1065.3

9 104.0 5«74 5¢32 2.58 142.4 16.85 929.9
10 128.0 6.14 4.29 2.64 126.6 15.04 T21.4

T B o S B L




{]

Summarised data*on liver protein and liver fat contents of animale maintained on

Table 153

Diets F, G, H and I.
(Vide tables 149-152)

Ho. of

. Weight of liver

Total lipids

Total protein

s animals Fresh wt. % of body % of Fresh ng/100g % of fresh mg/100g
(g.) (wt. wh. rat wt. rat

F 10 54194 6229+ 3.464 217.24 13,574 861.2+
0042 0'36 0029 N 26‘ 52 . 0.075 585-57

G 10 4457+ 467+ 46754 223.3+ 15.98+ 756.5+

3 0.36 0.35 0432 24.56 0454 71.5

H 10 6aTi+ 64534+ 4.46+ 287.0+ 16.54+ 1080.54
0.44 0.28 0.65 19.57 . 0.65 58.96

0.47 0.11 0.55 . 40.43 1.05 63.03

* Average values (10 animals/group) with standard errox.

- LEZ =



Table 154
Analysis of variance-Liver fat percentage on fresh basis.

Source af. 88, MSS. Fe
Between feeds 4 456.6094 114.1523 78.98 %
Error 45 65.0420 1.4454 ¢
: "
b
Total: . 49 521.6514 ;
*% gionificant at 1% level
Critical difference

Mean values

1.05 at 5% level
1,38 at 1% level

¥ o 3,46 G = 4,75 H m4.46,, I =403 ..C.= 377



Table 155

Analysis of variance-Liver protein percentage on fresh basis.

Source af. 58. MSS., F.
Between feeds 4 1121555 28.0389 545 **
Error 45 231.4127 5.1425
Total 49 343.5682

#% Significant at 1% level
Critical difference

Mean values

1.81 at 5% level
2.38 at 1% level

F=13.57 G =15.98 H = 16.54 I = 17.40

C = 13.90

- gee 4



‘Table 156

Internal organ weights of animals maintained on
diets ¥, G, H and I.

Diet ¥

VWeight of organs in g. pexr 100 cm2 body surface

Bat Ne. Body wt. Body Eurface

_17€z-

g. cm Liver Kidney Spleen Heart Pancreas
1 11 210.4 3.6433 0.5680 0.1356 0.2116 0.1909
2 79 172.5 3.2588 0.5656 0.1411 01971 0.2378
3 8t 175.2 3.6444 0.5183 0.2500 0.2109 0.2081
4 70 160.4 2.6787 0.4111 0.1299 0.1926 0.2173
5 79 172.5 3.2985 0.4768 0.1571 0.1909 0.2768
6 81 175.2 1.7920 0.4287 0.1268 0.1954 0.2153
7 100 198.7 3.0735 0.5258 0.1685 0.1728 0.2260
8 74 165.9 2.8947 0.5104 0.1445 0.1656 0.2236
9 75 167.2 2.4042 0.4795 0.1485 0.1938 0.2337
10 76 168.6 2,5119 0.4661 0.4157 0.1897 02569

g:;;;ﬁ:af 82.6+ 176.T+ 2.9200+  0.4950+ 0.1548+ 0.1920+ 0.2286+
4.26 4.95 0.4241 0.0173 0.0105 0.0045 0.0077

——



Table 157
Diet G

oF =
Weight organs in g. per 100 cm2 body surface

Rat No. Body wt. Body gurfaoa

(g.) cm Liver Kidney Spleen Heart Pancreas
1 95.0 192.7 1.8333 0.4002 0.1470 0.1556 0.1975
2 98.0 196.3 1.8050 0.3844 0.1426 0.1773 0.1730
3 104.0 203.4 24554 0.4021 0.1497 0.1727 0.1757 t
4 102.0 2011, 1.6671  0.3842 0.1289 0.1393 0.2154 o
5 89.0 185.5 1.6390  0.4161 0.1429 0.1537 0.2239 p:
6 94.0 191.4 2.4266 0.5433 0.1645 0,1798 0.1534
7 103.0 202,2 3,1118 0.5504 0.1692 0.1915 0.1442
8 99.0 197.5 2.8881 0.5647 0.1623 0.1662 0.1537
9 94.0 191.4 2.6606  0.5787 0.1654 0.1824 0.1362
10 93,0 190.3 2.9381 0.5079 0.1599 0.1887 0.1265
g:;‘ngf;; 97.1+  195.2¢  2.3425¢  0.4732 0.15324 0.1707+ 0.1699+
1.55 1.87 0.0566 0.6265 0.0045 0.0054 0.0105

Error

e e et oy E o e e




Table 158

Diet H

Weight of organ in g. per 100 cmz body surface

Rat No. Body wt. Body gurface

8o em Liver Kidney Spleen Heart Pancreasc
1 109.0 209.2 3.5510 0.5216 0.1549 0.1821 0.1878
2 102.0 201.1 3.1413 0.4987 041607 041995 0.1699
3 92.0 189.0 3.0695 0.4654 01730 0.2072 0.1534 :
4 90.0 186.5 3.0797 0.4599 0.1829 0.2025 0.1524 »
5 96.0 195.9  3.5281.  0.6157 0.2781 0.2342 0.1949 &
6 114.0 211.9 - 2.5721 0.6258 0.1883 0.2195 0.1291 ¢
7 125.0 227.2 4.1411 0.5529 0.1750 0,2466 0.1437
8 110.0 210.4 4.1163 0.5295 063619 0.2089 0.1494
9 92.0 189.0 . 3+4146 045600 02859 0.2414 0.1584
10 98.0 196.3 2.9766 0.4822 0.2478 0.2201 01652
sl W MMz oER loum C GdiE:  OfMe iR

Exrror _
11 P




"Table 159
J Dlet I.

l{e’i@t of qrééné in g. per 100,cm? body surface

Rat. Ho. Body wt. Boﬂy Eurface

8- : Live: Kidney . Spleen Heart - Panoreas
1 112 212.7 2.4436 0.5182  0.2205 0.2174 0.1434 .
2 139 242.2 . 2.6792°  0.4708  0.1315- 0.2135 0.1563 ]
3 120 2217 2.9906  0.4424  0.1458 0.1808 0.1322 '
4 101 1999  2.2397  0.4191°  0.1921 " 0.1985 0.0850
5 126 228.3  3.8038  0.5165 0.1342 0.2047 0.0771
6 19 2206 ¢ 26419 0.5055,  0.1584% 0.1846- 01238 ©
7 139 242.2 3.8874  0.5106 0.1898 0.1841 0.0998 . -
8 108 ~  208.1 3.3614 00,4457 ~ 0.2100  0.2059 = 0.0791
9 104 203.4 . . 3.5028  0.5647. . 0.1902 0.2391 0.1224
10 128 230.4  3.0012  0.4538 0.1894 0.2010 0.1121
gzg;gg:af 119.6+  220.9+ 3.0552¢  0.484T+ 0.1762+ 0.2029+ 0.1131+
e 427 4.75 0.174T  0.0141 0.0071 0.0055 0.0089




Table 160

Summarised data® on intermal organ weights recorded in respect of mim
maintained on diets F, G, H and I.

(Vide Tables 156-159)

Weights of organs in g. per 100 cm2 body sur-famce
Diets Body wt. Bodyzsurfacc . -
em

(g.) Liver Kidney Spleen Heart Jancreas
¥ 82.6+ 176.7+ 2.9200+ 0.4950+  0.1548+ 0.1920+ 0.2286+
1.26 4.95 0.4241 0.0173 0.0105 0.0045 0.0077 '
G 97,1+ 195.2+ 243425+ 0.4732+¢ . 0.1532+_ 0.1707+ 01699+ »
1.55 1.87 0.0566 0.6265 0.0045 0.0054 0.0105 <
E 102.8+  201.4+ 3.3592+  0.5312& . 0.22084 0.21624 D.1604+ '
3.61 4.12 0.1571 0.2000 0.0224 0.0063 0.0063
I 119.6+  220.9+ 3.05524 0.4847+  0.17624+ 0.2029+ C.11314+
4.27 - 4.75 0.1747 0.0141 0.0071 0.0055 0.0089

#* Mean values (10 animals/group) with standard Error.



Table 161

Analysis of variance-weight of spleen in g.

Source af. S8. MSS. F.
Between feeds 4 0.0544 0,0136 8.00 #*%
Error 45 0.0777 0.0017
Total 49 0.1321
** gignificant at 1% level.
Critical differences
0.0334 at 5% level
0.0439 at 1% level
¥iean values:
H = 0,2208 I =0.1762 C = 0,2319

= 6Ee =



Table 162

Analysis of varisnce-weight of liver in g.

Source af. SS. . mss. F.

Between feeds 4 5.4472 1.3618 4.65%%

Erro 45 13,1628 00,2925 §
£

Potal 49 18,6100 l

Critical difference

Mean values

#* Significant at 1% level.

0.4673 at 5% level
0.6151 at 1% level

Fw2920 G =2.3425 H =3.3592 I = 3.0552 C = 2,7603.



Table 163

Analysis of variance-weight of kidney in g.

Source af. 88. MSS. F.

Between feeds 4 . Delmkh ' 0.0089 2.34*

Ervor 45 0.1727 0.0038 '
- =

Total . TS 0.2082 ;

* Not significant
Critical difference
0.0706 at 5% level
0.0929 at 1% level

Mean values

F=0,4950 G =0.4732 H = 0.5312 I = 0.4847 C = 0,4500



Table 164

Analysis of variance-weights of heart in g.

Source ar. SS. MSS. F.

Between feéds 4 0.0221 0.0055 3.56%

Error 45 0.0699 0.0016 ¢
=
e

Total 49 0.0920 4

* pignificant at 5% level

Criticel difference

0.0322 at 5% level

0.0424 at 1% level

Mean values
I =0.2029 C = 0,19535.

P uw0.4920 G =0,1707 H = 0.2162



Table 165

®
% Infiuencejhiots containing cowpea and tur dhal at 10% protein level,
(Nx6.25) raw and autoclaved, supplemented with methionine
and tryptophane on caecal distension of rats.

)
r Rat Body
No. wt.(g)
5 79.0
& 81,0
7 100,0
8 74,0
o 75.0
10 76.0

Average ¢ 2
Standard

Diet F
wt. of caecum wt. of caecum wt. of caecum wt. of caecum
with contents @ with contents/ without without Contents|
@ P, P el A S e T .
=
1.78 2.25 0,23 0,29 W
0.82 1.01 0.26 0,32 '
2.06 2.06 0.22 0,21
1.46 1.98 0.19 0,26
1.36 1.82 0.15 0,19
1.48 1.95 0.13 0,17
1.49+ 1.854+ 0.19+ 0,19+
0,17 (6555 0.02 D02

Error



Table 166
Diet G

Bat

Body

Fo. wt.(g)

vt. of cacoum  wt. of caecum
with contents/.

~with contents

vt. of caecunm
. without contents

wt. of caeoum
without contents/

@) | 100g &de wt, (@ 1003 t‘a\g‘gw vt.
5 89.0 2.73 506 0,35 0.39
6 94.0 3,77 4.01 0.26 0.27
17 103.0 8.31 8,07 0.48 0.47
8 99. 0 5.03 5,08 0.41 0.42
9 94.0 5.52 5.87 0.36 0.38
10 93.0 4.22 4.54 0,28 0.29
&verage ©
Standard . 95+3¢ 4.93+ S.11+ 0036+ 0.37+
2,01 0.78 0.71 0.03 0.03

Error

- #he =



Table 167

Diet H
Rat Body wt. of caecum wt. of caecum wt. of caecum wt. of caecum
Se wt. (&) with contents with contents/ = without contents without contents/
) 100353:13' wte. @) 1 00_ g;ql;)ody wt.

1 109,.0 b1 139 0.23 0.21

2 102.0 1.42 139 0,18 0,18

5 92.0 199 2.16 0.18 0.19

4 90.0 125 139 0.17 0.17

5 96.0 ; 1.55 1,62 0.22 0.23

5 114.0 1435 1.18 0.15 0.13
g ¢ “° ghitss 1,51 1.524 0s194 0.19+
SN 3.91 0.14 914 0.01 0,01




« Table 168

Diet I
wt. of cgecum wt. of caecum wt. of gaecum wt. of caecum
Rat B°?7) with contents with contents/ withoutncontents without contents/
No. wt.(g
) 1002 bod t. 29 100 -
@ §rbadzen = 25t FoMtants/ 4
| >
5 126.0 2,53 2.01 0.24 - 0.19 o\
e b
6 119.0 § 5 g 1e44 0.19 , 0.17
7 139.0 2,35 1.69 0.24 0.17
8 108.0 2.21 - 2.05 0.28 0.27
9 104.0 Twd T 3 % f 0.24 0.23
10 128.0 2.01 157 0.21 0.16
Average ¢ "
120=7+ 2.09+ 175+ 41 0.23+ 0.20+
Sl 5435 0,13 | 0.09 0.01 0.02

Error




¢ Table 169
Summarised data on caecal measurements of rats fed diets containing cowpea and

turdhal at 108 protein level, raw and autoclaved, supplemented
with methionine and trptophane.

" Average values with standard error.

- Diets Body wt. of caecum wt. of caecun wt. of caecum wt. of caecum g
. e i) with contents with eontents/ without contents  without contents/
. %)
(g) 100g b{)adg wt:"- =) 100g &&dy v | =
3 : ‘
F 80.8% 1449+ 1.854 0.19+ 0.19+
3.97 0.17 _ 17 0.02 0.02
G 95w . 4.93+ 5.113 0.36+ 0.37+
2.01 0.78 0.71 0.03 0.C3
H 100.5¢ 1.51+ 14524 0.19+ 0.19+
' 3.91 0.11 0.14 0,01 0.01
539 0.73 0.09 : 0.01 0,02




Table 170

Analysis of variance-weight of caecum with contents/100g. body weight

Source af. 55, MSS, F.
Between feeds 4 63,0512 15.7628 23,21%%
Error 25 16.9779 0.6791

Total 29 80,0291

## Significant at 1% level.

Critical difference

0.71 at 5% level
0.96 at 1% level

Mean values

Pm 1859 CasAt! Ha1587 I =1.79 ©C =007

- ghe -



Table 171
Analysis of variance-weight of caecum without contents/100g. body weight.

Source af. 5S. MSS., ¥.
Between feedﬁ 4 0.1094 0002?5 5.25**
Brror 25 0.1320 0.0052
Total 29 0.2414

##® Significant at 1% level.

Critical difference

0.0801 at 5% level
0.1083 at 1% level

Mean values

F=20.19 G =0.37 H = 0,19 I =020 C = 0.2



)3?

- Q%2 =

¢ Table 172
/f){)\rbleiskt of pancreas of animalst mmaintained on  diets £,G. W and T
; Piet T
& -
= - e T Sre AR ST
No. Body wt. pan;rgas pancreas dr;r3:? Moisture %
............. @)rt. ~ wgpreas JOOMRIES Pemémeyd tetame 4
1 111 0.14016 0,.3618 0.1459 63.67
2 79 0.4103 0.5193 0.1325 67.70
3 81 0. 3646 0., 4501 00,1256 65.55
E 70 0.3485 0.4978 0, 1584 sh,s5h
5 79 0. 4775 0, 604N 0, 2009 57.92
6 81 0.,3772 0.1656 0.,1300 65.53
7 100 0.4502 0.4502 0,150 67.79
8 7h 0.3710 0.5013 0.1134 69,43
9 75 0.3908 0.5210 0.1450 62.89
10 76 0.4331 0.5698 0.1hol 65.50
g::;gg;d" 82,64 0.1025 c.hol1s 0. 1446+ 64,054

-ﬂ--un------—---—--m—-—ﬁ--—-u--n—-—--m-----—ﬁ—--ﬂm----——n—--—ﬁ-ﬂ--ﬂ-----



Table 173

Diet G
. T Then eb T
Body wt. pancreas pancreas Pancreas
No. D) g 1 Ongraé dry wt. Moisture %
1 95 0.3866 0, 4006 C.1315 65, ki .
2 98 0.3397 ‘0, 3166 0.1650 51.h2 "
3 104 0.357h 0.3437 0.1535 57.05 -
4 102 c.h331 0.h246 0.0753 82.61 !
-5 89 0.1150 0.4662 0.2089 119.66
6 94 0.2936 0.3123 0,1455 50, Uh
7 103 0.2915 0.2830 0.1467 %9.67
8 99 0.3036 0.3066 0,1456 52,04
9 ol 0, 2608 0.2774 0.1325 %9.19
10 913 0.3415 0,3672 0,1451 5751
Average € " T e "
\ 97.1% 0.3417+ 0.3528+ 0.144%+ 63.50+
Standard 1.55 0.0177 0.0197 . 0,011h 7.03

Error



Table 174

Diet H
Rat i ol Pancreas
No. Body- wt.- - pancreas pancreas/ T, Moisture %
........... By R i PMlONE o
1 109 0.3929 0.3604 0.0660 813,20
2 102 0.3417 0.3350 0.1085 68,24
3 92 0.2899 0.3151 0.1320 54,46
L © 90 00,2842 0.3157 0,1214 57.28
5 96 0.3779 0.3936 0.1693 55 19
6 114 0.2735 0. 2399 0.1153 87.84
7 125 0.3266 0.2612 0.15h1 52,81
8 110 0. 3144 0.2858 0. 11431 sh 48
9 92 0, 2994 0. 3254 0. 1054 64,79
10 28 0.3243 0.3309 0. 1554 52,08
T S 7 A s Ry

-zGe -



Table 175

0.1421
0.1125
0.1541
0.1379
0.1136
0.1500
o0.1h10
0, 0800
0.1450
0,18%k5

e S

- G2 -

Diet I
Mt i< p::y P::;rgzs p:;érZ:s/
-artiac. ) — VBT SPTR .2 L sh
1 112 0.3050 0.2723
2 139 0.3780 ' 0.2723
3 120 0.2930 0.2k
h 101 0.1699 00,1603
5 126 0,1761 0.1375
6 119 0. 2731 0.2294
7 139 0.2k%17 0.1738
8 108 0.1559 0. 1444
9 10k 0.2h00 0.2394
10 128 0.253% 0.2019
Smiea 135 0300 G5




Table 176

Effect of diets containing cowpea and tur dhal , raw and autoclaved,
at 104 protein level with supplements of methionine
and tryptophane, on the weight of pancreas.

(Diets ¥, G, H and T)
ANerage values with Standard QrPoF_)

- %52 -

'to Of wto Of 5 3
Diets w:;t:f pancreas pancreas/ g;;e::as Moisture 4
BT (e Sy SRR i, ) s O (O e 2
82.6+ 0.4025+ 0;&91413_ O.14h1+ 64,05+
et Y. 28 0,0129 0.0215 0.0075 . .46
G 97.1% 0.3417+ 0.3528+ 0. 14494 63.50+
1.55 0.0177 0,0197 0.010k 7.03
- H 102.8+ 0.3225+ 0.2833+ 0.12714+ 63.0Ls
3.61 0.0122 0.0490 0,0096 h,13
I 119.6+ 0.2500+ 0.20754+ 0.13614 43,114
h,27 0,0218 0.0511 0.0089 L h2



Table 177

Analysis of variance-Pancreatic weights

----ﬁ--ﬂ---ﬁ-ﬂ---------------——----.—-----u----q—-------——-ﬁ--——ﬁﬁ-ﬂﬂn

Source afs §8. MSS. F.
Between feeds ] 0.4083 00,1246 15.1 1%
Error Ly 0.3710 00,0082

Total ho 0.8693

»9 gignificant at 1% level

Critical difference:

0.102k at 54 level
0.1348 at 14 level

Mean values:
¥ = 0,hok1 G = 0.,3%528 H = 0,2833

I = 0.,2075 C = 0,h156

= 662 -



THIRD SERIES OF EXPERIMENTS

Table 178

Body weight in g. of animals receiving dicts containing autoclaved cowpea and
tur dhal at 18% protein level on mitrogen basis

Diet J
----------------- Wedks— R e o e e o
Rat RO,  cwcccocncoemensonensms i s e e e e i
0 1 2 3 4
1 49,0 58,0 67.0 77.0 9%1.0
2 4h,0 62.0 78.0 87.0 99,0
3 hs.,0 57.0 7 A0 83.0 95,0
4 46.0 58.0 76.0 8h.0 101.0
5 46,0 58.0 73.0 84.0 107.0
€ k2,0 61,0 85.0 101,.0 120,90
7 43,0 61.0 79,0 97.0 119.0
8 41.0 63.0 78.0 96,0 120.0
Average ° B, 54 59.84 76,64+ 88,6+ 107.0+
o o 0.28 0.25 1.28 2.95 .43

-. 952 -



Table 1 '22

Diet K
Weeks
Rat NO, eeccccccccccccccnccccenancenens- e ——————————— e mem—e————— emmm— e ———
' 0 1 2 3 L
1 44,0 54,0 65,0 74,0 81.0
2 51.0 57.0 4.0 84,0 96.0
3 40.0 53.0 68.0 78.0 88.0
L k3.0 57.0 71.0 82.0 94,0
= k3.0 . 61.0 80.0 88.0 99,0
6 51.0 58.0 64,0 74,0 86.0
7 49,0 56.0 66.0 72.0 80.0
3 k7.0 52.0 61.0 71.0 82.0
Average ¢ 46.0+ 56,0+ 68.64+ F7<9% 88,3+
g:;ﬁ:?“‘ 1.4% 1.03 2.17 2,19 2,58

D Am s S D Ch A G D R S D e S €5 ED A AT SR D D S D D S S S N S S S A S WD e TR G e S S mm e O S mw S B G mm S S e S e D e e S S em s £ SN GD G Sa AR TS e S S8 S e On 59 65 = e

- 62 =



Table 180

Diet L
Veeks ' | -
Rat No. eececmccccacmcaca . o - e v S S e - i - - - i v -
) 1 2 3 b
1 45,0 69.0 87.0 103.0 121.,0
2 40.0 60,0 76.0 90,0 103.0
3 40.0 61.0 80,0 92,0 107.0
L h1.,0 63.0 81,0 93,0 110.0
5 k3.0 63.0 81.0 104,.0 129.0
6 hs.0 66.0 82.0 102,0 118.0
7 h2,0 64,0 83,0 99.0 125.0
8 k4.0 59.0 77.0 102.0 118.0
Average ¢ h2,54 63.14 80,9+ 98.1+ 116. 4+
g e 0.23 e 1,22 1.97 1,07

- 8%¢ -



Table 181

Red blood cell concentration of animals maintained on diets J, K and L

Diet J
2 * et e A - ph - i amsee
RAE N0y - oo n.on o om0 o o . 0 0 . om0, 29 00 0,0 20 0 . 2 0 2o @ o 2 0 9 . O e 0 S O 00 02 0 o O = m S SRS S S ST
o 1 2 3 [
1 6.50 6,07 6.35 6411 6.51 :
2 7.02 7.0k 7425 7.33 8.2 »
O
3 7.42 7.72 7.56 774 8.54 \
4 7.80 8,02 7.88 7.14 722
5 7.89 7.98 7.84 7.99 8.86
6 769 5,64 749 7.86 795
7 6.5 6.47 7.05 7o 41 8.17
8 7.03 739 7.43 8,01 717
Average C '
7.23+ 7.0h+ 735+ 754+ 7.83%
g;;ﬁgard 0.19 0.16 6.17 6.19 0.28



Table 182

piet K
: -Weéks -------------------------------------
RAT NO. oo oo oo o ——————————— e o 0 o o o o o o 3 5
0 1 2 3 I
1 7.10 7 o Ol .18 7.20 7o 25
2 7.15 7.58 756 7.78 7.2k :
3 7.43 7.80 7.84 7.95 8.60 N
Q
h 6.b5 6.50 6.60 6.91 8.26 1
5 6.0hL 6.14 6.25 6.58 8.51
6 6,00 5.89 6.43 7.03 B.60
7 6.78 TS 753 7.84 8.36
8 6.13 6.13 6. 10 6.5h 739
Average C 6.67+ 6.82+ 6.93+ 70224 8.02+
Standard 0.21" 0.26 0.23 0.19 0.22

----------——-—-————-—-—----u-n—---u--m——-u-----—--———--—---—-*-n-------—------«-----u—-



Table 183

Diet L
""""""""" e P P e e
At W00 oo o o o o o o oo o o o s ot 5 o 0 S e £ e B W D e 0 2
0 1 2 3 L
1 7.10 7.02 7.50 7.63 7.61
2 7.43 7.70 7.47 7+59 8.48 ;
3 7.35 7.27 7.30 R 8.31 A
2
l 6.91 6.27 7.04 754 767
5 6.5!; 6.99 7.8h 7.99 7.8&
6 7.01 6.56 701 7,45 032
7 6.59 6.99 7.10 7.43 Boh1
8 6.5’-" 5062 7.35 7085 C;.OB
Average c 6,93+ 6.92+ 7e32% 761+ 8.08+
Standard 0.12 0.16 0.01 0.01 0,12

Exrror

D e s O D T S IR e e O S CD D TR s 09 e oD BN A R W ST e S Oh S OGS S5 T8 S e e oow e e e e R ————————————— A e e



Table 184

Haemoglobin concentration of animals maintained on diets J, K and L

Diet J
Ry s TR SR i
Rat NO. eccmccmemmo——————— o ——————————————————————— M s e S s -
0 1 2 3 h
1 13.7 14,3 th. b 14.5 y 7
|
2 13.0 13.8 3.7 15,0 15,0 o
o
3 12.8 13.7 13.5 13.6 13.9 :’
L 13.0 13. 4 13.8 14,0 1h.5
5 y W | 13.5 13.3 14,0 14,1
6 13.4 13.8 13.2 1h.1 14 b
7 13.4 12.6 13.0 15.0 15.0
8 14,0 15.3 15.4 15.3 14.5
Average ¢ 13.254 13.804 13.78+ 14,3+ 14,51+
Standard 0.16 0.27 0.27 0.21 0,14

‘ﬂﬂﬂ——-—---------—.---———-----m---ﬂu-—-—--—-—---.-----—-.——----o-»—--—-ﬁ—---—n-—_-_-—---—---—



. Table 185

Diet K
e
e i O i e Y eain

1 13.5 13.8 13.7 1,1 14,2
2 13.8 15,1 14,8 14,9 15.1
3 13.2 13.6 14.0 15.1 16.0 .
4 13.2 4.3 1h4.5 15.2 15.0 g\
5 13.2 1k.0 “1h. 15.0 15.3 '
6 14,8 15.3 15.3 ;2 16.5
72.5 15.8 .6 15.6 15.6 th.9
8 13.3 12,7 14,2 15.0 14,0
Samee TS ame oW oS

.----------------------------‘-------—-------------n-—------—---------------------‘-



Table 186

Diet L
""""""""""""""""""""""""""" e B e S S
RAET NO, = rre e mome e o ——————— e e o o e o o o e e e e o e S e e e e e e e e e -
(¢] 1 2 3 4

1 13:7 14,6 15.2 1542 15.1

2 14.8 15.0 152 12.4% 15.6

3 14,7 . 150 15.3 15,4 15.6

4 13.8 13.6 15.0 15.4 14,7

B 1.0 16,1 15.8 15.0 15.0

6 14,1 14,1 14,5 152 15.4

7 14,3 15.0 15.0 15,4 15.0

8 14.3 14.0 1.2 15.8 15.4

verage ¢

stmiare TGS fora8" Rt 012" DXt



Table 187

L///f Summarised data® on body weight, red blood cell, haemoglobin and plasma protein concentrations
of animals maintained on diets J, K and L.
. (Vide Tables 178-186)
/
Days on experiment
Diets ::£m°{;
. 0 7 14 21 28
weight (g.) 44.530.28 59.840.25 76.640.95  88.642.95 107.044.43
J 8 R.3.C.(mill./mn’) 7.2320.19  7.0440.16  T535:0.17  T.5440.19  7.8340.28
Haemoglobin (g./100 ml.) 13.640.19  13.940.25  14.440.18  14.940.18 15.140.29
weight (g.) 46.0+41.44 56.041.03  68.6+2.17 77.942.19  88.3+42.58
X 8 R.B.C.(mill./am’) 6.6740.21  6.8240.26  6.9320.23  7.2240.19  6.0240.22
Haemoglobin (g./100 ml.) 13.340.16  13.8+0.27  13.840.27 . 14.440.21 14.510.14
veight (g.) 42,540423  63.141.15  80.941.22  98.141.97 116.44+1.01
L 8 R.B.C.(mill./mn’) 6.9340.12  6.9240.16  7.3240.01  7.61s0.01  8.08+012
Haemoglobin (g./100 ml.) = 14.240.14 14.7+0.28 15.040.17  14.940.12 15.240.11

* Mean values (8 animals/group) with standard error.

-593-



Table 188

Analysis of variance-weight gain

Source df. SS. MSS. F.
Bdtwden Fééds o %105.58 2052.79  17.13%%
Error 21 2516.38 119.83
Total 23 6621.96

e S5 e S S e S e A G R D S e L G S TR G G T Y D M D S MR O Y T S A e e D M G ST B S S O e e T e S G SD S G G e S G S SN e

%% Significant at 19 level

Critical values:

11.38 at 54 level
15.99 at 14 level

Mean values:

J = 107.0’ K = 88.3, L 116."’-

]



Table 189

Analysis of variance--Red blood cells

---ﬂ-“---—------*---------------“ﬂ-----ﬁ-_‘ﬂ-‘---—-——-——----“--

Source daf. SS. MSS. R
Between feeds 2 0.28 0.14 0.37 '
Error 21 7.92 0.377 ;\:
Total 23 8.20 !

-n-——-n--------———---——------—--ﬁ---m---—-apﬂ--————--——-----*--_-

Not significant



Table 190

Analysis of variance~--Haemoglobin

arf. S8. ME8S. i )

R e B Y.L T & e et R b T pap———

Between feeds 2 2.38 =19 0.02

21 234,06 11.15

»LU08

Error

Total 23 236,414

- T ——— S . e - G 3 =

Not significant



Table 191
Weight gain, feed consumption, protéin efficiency values of animals fed diets
J, K and L at 184 protein level
Diet J
. Food Protein Protein
Rat No. i:i?;a% wii?zl) H?.g?in intake intake efficiency
- 3o . ol ° \g! (g. ) (g. ) Value
1 49,0 91.0 42,0 187.2 33.7 1,25 '
N
2 bk, 0 99,0 55,0 217.8 39.2 1,40 &
B
3 45.0 95.0 50,0 172.8 3.1 1.61
L k6.0 101.0 55.0 164.7 29.6 1.86
[ 42,0 124.0 82.0 215.1 38.7 212
7 k3.0 119.0 76.0 225.0 Lho.5 1.88
Average C k.5, 107.0+ 62.54+ 195,64+ 35, 2+ 1.87+
Blsndacd. SN0 % L4 1.65 9.21 1.66 0,11



Piet K
Tood Protein Protein

Rat No. ‘I‘r:i'!‘(,ia]). w‘i:it(!al) wt'( ga;in intake intake efficiency
e \Be e L8 Se (ﬂ'.) 9g.) value
1 4,0 81.0 37.0 130.5 23.5 757
2 51,0 96.0 45,0 144,0 25.9 1.7h
3 ho,0 88,0 4’ .0 14,0 25.9 1.85
b 43,0 9k.0O 51.0 179.1 aTD 1.58
5 43.0 99,0 56.0 162.0 29,2 1.92
6 51,0 86.0 35.0 143, 1 25.8 1.36
7 49,0 80.0 31.0 136.8 24,0 1.29
8 k7.0 82.0 35.0 118.8 21. 4 1,64
Average € g 0, 38. 3+ 42,3+ 144,82 25.92 1.6+
g:x:ard 0.4 2.58 3.17 6.57 1.3k 0.07

- olg =~



Table 193

Diet L
Rat Initial Final Weight Tood Protein Protein
No. Weight (g.) Weight (g.) gain (g.) intake (g.) intake (g.) efficiency value
1 45,0 121.0 76,0 207.0 5763 2,04
2 40,0 103.0 63.0 189.9 342 1.84
3 40,0 107.0 67.0 206, 1 37.6 1.78
4 41.0 110,0 69,0 186.3 3345 2.06
6 45,0 118.0 730 218, 7 39.4 1.85
42,0 125.0 83.0 216.0 38,9 2:13
Average ¢
Standard 425+ 116042 7349 204. 7+ 36,92 2,00+

Error 0.23 i 1.01 2075 4075 0027 0.05

-]LC-



Iable 194 |
Summarised data® on weight gain, food intake, protein intake,

protein efficiency values, fgd s¥#iicienoy walues
omd of animals maintained on diets J, K & L.

Initial final weight food protein protein fed
Diete body wt. body wt. gain intake intake efficiency efificiency
() () () (&) (&) values vaives
3 44.5+ 107.0% 62.54 19556+ 35.2+ 1.77+ .
0.28 4.43 " 1.65 goy e 0.11 " »
N
K 46.0+ 88.3+ 42.3+ 114.8+ 25.94 1.61+ i
0.44 2.58 3,17 6.57 1.34 0.07
L 42.5+ 116.4+ 73.94 204.8+ 36,94 2.004
0.23 1.01 2.75 4.75 0.27 0.05

# Average of 8 animals per group with standard error.



Table 195

Analysis of variance-Protein efficiency value.
Batween feeds 2 0.5877 0.2938 4o 6% R )
Error 21 1.3360 0.0636 5
W
Total 23 1.9237 .
¢ #*Significant at 1% level.
Critieal difference
0.26 at 5% level
0.36 at 1% level
L = 2-00

Hean values
3 =337 K = 1.61



Table 196

Effect of feeding Diets M, N, 0, P and Q containing raw and

autoclaved cowpea and tur dhal on reprodnction and lactation

Diet M
Body No. of Av, birth Total litter No, of
S:t wt. of young ones weight of wt., at young ones :ze;:ﬁo
. rats (g.) borm young ones birth (g.) survived ]
E_E_E _E _E_RE_F N X N X X T ¥ 3 - I D A D e O D S S O S e A s S 20----‘-- ---------------------- ----ﬁ!E;-gg-)-*-
1 181,0 5 5.1 25 e 3 16.5 9
2 155.0 6 k.9 29.3 5 18,0 ."’g_
3 175.0 8 hoh 35.0 6 14.8 '
4 102,0 k P 21.1 h 18.5
5 180.0 5 4.5 22.4 5 17.5
6 159,0 5 4.5 22.h 5 19.0
Average ©
Standard 173.7 5.5 h.8 25.9 h.7 17.4
Error

P ————————————————— S S g ettt



Table 197

Diet N
Rat Body No. of Av., birth Total litter No. of Average
No. wt. of young ones weight of wte at young ones weaning
rats (g.) born young ones birth (g.) survived wt. (g.)
_________________________________ et ittt
1 158.0 5 hoh 22.2 L 155
3 130.0 5 3.4 17.2 h 15.0
4 177.0 h 3.8 - AHT2 I 15.0
5 174.0 5 3.9 19.4 16.5
6 156.0 L h.h 17.6 l 1725

-—-------—---‘----m--ﬂ----ﬂ---------ﬂ--——--—---------- -----—--—-——b-----ﬂ—---—-—-ﬂ-ﬁ

----ﬂ-----—ﬂ-----———m--—n---—ﬂ-—---‘-m-—------—--—-n--n-—--------ﬂ----—-w--u--------
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Table 198

Diet O
Raf ; Body : . No. of Av., birth Total'lifter -53:-o§ Average
No st. of young ones weight of wt. at young ones weaning
% rats (g.) born youn 'gnes birth (g.) survived wt. (g.)
1 159.0 5 5¢2 25.8 5 25,0 .
2 185.0 6 542 3142 6 22.5 Ei
3 192.0 ] 540 30.2 6 25,0 '
b 158,0 5 51 251 5 26.5
5 178.0 6 4,7 28,2 6 28.5
6 187.0 L L,8 19.2 h 255
7 190,0 7 5.0 354 7 20,5
8 155.0 5 ho6 23.3 5 25.0
Average 175.5 5.5 4.0 27.5 545 24,8



Table 199

Diet P
Rat Body No. of Av. birth Total litter - No.-;; ------ ;;;;;;;—---
Neows wt., of young ones weight of - wie at-" young ones weaning
rats (gz. born - youn e birth (g.): survived wt. (g.)
1 141.0 8 Bk 35.5 s 20.8 :
)
2 155.0 9 3.6 2.2 3] 19.5 3
b 168.0 2 5.3 10.7 2 22.0
5 192,0 8 4.8 38,7 8 15,5
6 189,0 8 4,3 34,6 8 15.0
7 169.0 3 4.2 12,6 3 19.0
Average 172,6 S5 i hbh 24,7 5.3 19.0

--—------——ﬁn*-----——--——------—-—--—--&a——-u-----------u———----n--—-—



Table 200

Diet Q
T T Bedy - Wo. of - kv, birth  Total litter No. of Avezage
No wt. of young ones weight of wt. at young ones weaning
o e lg) e yimpte et (el sesvbod o oSab el
1 160.0 2 4,5 9.0 2 19.5
2 153.0 5 k.5 22,6 3 20.5 J
3 163.0 6 ho5 27.0 h 15.8 -E
h 130.0 5 3. 17.2 5 18.5 :
5 177.0 It 3.7 14,9 ls 20.5
é 158,0 5 4,0 20.1 5 16.5
7 169.0 5 4.5 22,7 5 18.0

-—--ﬁ--“"---“—-—----‘------—-"--------‘------------ﬂ--—--‘--—------ﬂ------ﬂ-----ﬂ-ﬂ”



Table 201

Bffect of diets M, N, 0,P and Q on reproduction and lactation

PP —————— P S et

Diet Diet Diet Diet Diet
M N . 0O P Q

1. No. of female rats mated L 38 L e s
2. No. of feftile females 6 6 8 7 7
3. No. of yo;ng born 33 27 o L% ko 32
4, No. of yo;ng survived 28 22 Ly 37 28
5. Litter siée 55 4.5 55 5.7 4.6
6. Average birth wt. in g. 4.8 4.2 4,9 h.h h.1
7. Average w;aning wt. in g. 17.4 15.7 24 .8 19.0 18.5

= 6l& ~
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and E) are far inferior in this respect to the control

diet containing 1094 casein (Diet C).

Data on food consumption of animals fed the different
diets do not show any marked variation, although animals
receiving the raw cowpea diet (Diet A) and the raw tur dhal

diet (Diet B) consume comparatively less feed,

Protein efficiency values

The summarised data presented in Table 26, represented
in Figure 6 and the statistical analyses of the results
set out in Table 30 clearly indicate that both diets A
and B, containing raw cowpea and raw tur dhal respectively,
register significantly lower protein efficiency values as
compared with the control diet containing casein (piet c)-
There is no significant difference between the two Taw
pulse diets in this respect. As between the autoclaved
_ turdhals (Diets D and E respectively), there is no
significant difference between them, both diets giving
significantly higher protein efficiency values than the
corresponding raw pulse diets (Diet A and Diet B), but

significantly lower values as compared with the control

diet (piet C).
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Nitrogen balance

From the summarised data on nitrogen retention
presented in Table 27, represented 19 Figure 7 and from
tﬁe statistical analyses of the results given in Table
31, it can be seen that rats maintained on the Control
diet C retain significantly higher nitrogeﬁ than those
fed the raw as well as the autoclaved cowpea and the
tur dhal diets (Diets A and B respectively and Diets D
and E, respectively, animéla receiving the autoclaved
pulse diets (Diets D and E) showing gignificantly higher
vélues than those fed the raw pulse diets (Diets A and B).
As between the autoclaved cowpea diet D and autoclaved

tur dhal diet D, there is no significant difference.

Digestibility Coefficientg

Summarised data on the digestibility.éoefficients
of protein, carbohydrate and fat presented in Table 28,
and the statistical analyses of the resulté given in
‘Tables 32, 33 and Sh;respectively..clearly indicate that
values for the digestibility coefficients of these
nutrients in autoclaved cowpea and autoclaﬁed tur dhal
diets (Diets D and | respectively) are significantly
higher than for those im the respective raw diets ( Diets
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A ahd B. .Diets A and B show no significant difference
between themselves in tﬁis regard;‘ Digestibility |
coefficients of nutrients in the‘contfoi diet 6'are
significantly higher than those of nutrients in the

other diets (Diets A,‘B, D and-E);  According to Jaffe
(1950) the low protein digestibiliff of legume grains

has been observed not only among>spe§ies but also among
varities of the same speciles. Forrexémple. Cajanus cajan
showed a protein digestibility of 59% in contrast to other
varigties in respect of which values as high a; 90% were

obtained,

Blood Values

The éummarised_data on red blood cell and'haemoglobin
and plasma protein éoneehfrationa presented im Tables 46
and 47 reapecti#ely and the statistical analyges of the
respective results givem in Tables 48, U9 and 50 reveal
no significant differences between the diets 4, B and C
in their ability. to support these formed elements of blood.

Concentration of glutamic-oxalo acetic transaminase and
glutamic-pyruvie transaminase in serum and liver

The summarised data on the glutamic-oxalo acetic

transaminase and glutamic=-pyruvic transaminase in serum
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and iiver presented in Table 56 and the statistical analyses
of the results given in Tables 57 to 60 indicate that

the experimental diets used‘in the present study do not

show any significant differences between them in these
respects although the raw cowpea diet (Piet A) and the

raw tur dhal diet (Diet B) give comparatively lower

values for glutamic pyruvic transaminase.

Concentration of glycogen in liver

Data on liver glycogen consolidated in Table 62
and statistical analyses of the results given in Table
63 do not disclose any significant differences between
the experimental diets, although slightly higher values
are obtained on the control diet (Diet C) and on diet
containing autoclaved cowpea and tur dhal (Diets D and

E respectively).

Liver fat and liver protein contents

From the summarised data on liver fat and liver
protein contents presented in Table 69, represented in
figures 8 and 9 respectively and from the statistical
analyses of the results given in Tables 70 and 71
respectively, it can be seen that animals maintained on
diets containing raw cowpea and raw tur dhal (Diets A

and B respectively) show significantly higher liver fat
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content as compared with those receiving the control
diet C and the autoclaved tur dhal and cowpea diéts
(Diets D and E respectively). As between the autoclaved
pulse diets (Piets D and E), no significant difference

is observed.

As regards the liver protein content, no significant
difference is disernible between the diets (Diets A, B,

C, D and E) used in the present study.

INTERNAL ORGAN WEIGHTS

Liver, Kidney and Heart

From the summarised data on internal organ weights
presented in Table 77 and from the statistical analyses
of the results furnished in Tables 78 to 81, it wounld
appear that the autoclaved pulse diets tend to increase
significantly the weights of 1liver, kidney and heart as
compared with the control diet C and the raw pulse diets

A and B,

Caecae

From the summarised data on caecal weights with
and without contents, presented in Table 87 and from the

statistical analyses of the results set out in Tables 88
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and 89 respectively, it will be evident that animals
maintained on diets containing raw cowpea and raw tur dhal
(Piets A and B) show significantly higher caecal weights
as compared with those receiving the control diet C.

As between ihe animals fed diets A and B, a significantly
higher caecal weight is observed in the case of the latter.
As regards the autoclaved pulse diets (Diets D and E),
significantly higher caecal weights are observed in the
case of animals receiving the raw tur dhal diet (Diet B)
as compared with those maintained on the autoclaved

tur dhal diet (Diet E).

Pancrease

From the summarised data on pancreatic weights of
animals, presented in Table 95 and from the statistical
analyses of the results given in Table 96, it can be seen
that animals waintained on the control diet (Diet C) and
on the autoclaved pulse diets (Diets D and E) show
significantly lower weights for pancreass as compared
with those fed the raw pulse diets (Diats.A and B).

While no significant difference is seen in pancreatic
weights hetween animals receiving raw cowpea diet (Diet A)
and autoclaved cowpea diet (Diet D), a significantly

higher pancreatic weight is observed in the case of
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animals maintained on the = raw tur dhal diet (Diet B)
as compared with those fed diet containing autoclaved

tur dhal (Diet E).
A Y

SECOND SERIES OF EXPERIMENTS

Feeding trials with raw and autoclaved cowpea and tur dhal

diets each containing 10% protein on nitrogen basis, supple-

mented with L-methionine and L-tryptophane

Growth

The summarised data presented in Table 113 repre-
sented in Figure 4 and statistical analyses of the results
set out in Table 117 indicate that the diets containing
raw cowpea and raw tur dhal both supplemented with
methionine and tryptophane (Diets F and G respectively)
promote growth in rats, the average weight gain on the
respective diets during the experimental period of &
weeks being 28.5 g, and 43.6 g. as against 2,0 g, and
0.8 g. respectively obtained on the raw cowpea and raw
tur dhal diets in the first series of experiments (Tﬂb1°
No.25). As between the two amino acid supplemented raw
cowpea and raw tur dhal diets (Diets F and G respectively),
a significantly higher growth rate is obtained with the

latter. As regards the amino acid supplemented autoclaved
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pulse diets (Diets H and I), it is seen that both diets

promote significantly higher growth than the correspond-

ing raw pulse diets, diet I containing autoclaved tur dhal

exerting significantly higher influence in this respect
,\than diet H containing autoclaved cowpea, Tt is seen
]further that the autoclaved pulse diets supplemented

with methionine and tryptophane (Diets H and I) promote

significantly higher gvowth in rats than the control

2 &
diet C.

From a critical comparison of the data with the
same obtained in the first series of experiments, it
will be seen that on the autoclaved cowpea diet (Diet D),
essentially identical growth rate is obtained as on the
raw cowpea diet supplemented with methionine and tryptophane
(Diet T) but on the other supplementation of autoclaved
Itur dhal with methionine and tryptophane (Diet I) brings
% ;about on feeding significantly higher rate of growth than

i both the raw and autoclaved tur dhal (Piets B and E).

Protein efficiency values

From the summarised data on protein efficiency

values presented in Table 11, represented in Figure 6 ,

statistical analyses of the results detailed im Table 118
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and from a critical comparison of the results withi!thése
obtained in the First series of experiments (Table
No.,26) it can be seen that supplementation of the diets
containing raw or autoclaved cowpea (Diets F and H) and
raw or autoclaved tur dhal (Diets G and T) with methionine
and tryptophane significantly enhances their protein o
efficiency values., As between the raw pulse diets
supplemented with methionine énd tryptophane (Diets F
and G), significantly higher protein efficiency value is
obtained for diet G, the value being almost'identical
with that for the control diet C., As between’ the auto-
clavgd cowpea and tur dhal diets supplemented with
methionine and tryptophane (Diets H and T), it is seen
that significantly higher protein efficiency values are
obtained for sm both these diets as compared with the
control, the supplemented tur dhal diet (Diet I)
registefing é significantly higher value than the amino

acld supplemented autoclaved cowpea diet (Diet u).

ygtrogen_balance

" From the summarised data on nitrogen retention

preésented in Table 115, represented in Pigure 7, statistieay

analyses of the results set out in Table 119 and from

a critiecal comparison of the same with those obtained
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in the First series of experiments (Table 27), it can

'be seen that autoclaving cowpea and tur dhal (Diets H

/and I) brings about on methionine and tryptophane suppleme-

nkation significantly higher nitrogen retention in rats than
the raw pulse diets supplemented with methionine and trypto-
phane (Diets F and G), maximum nitrogen retention being
obfained in the case of the control diet., As between the
amino acid supplemented raw and autoclaved cowpea flour
diets (Diets F and H) on one hand and the amino acid
supplemented raw and autoclaved tur dhal diets (Diets G

and H) on the other, there is no significant difference.

Digestibility coefficients

The summarised data on digestibility coefficients
of protein, fat and carbohydrate presented in Table 116,
statistical analyses of the results set out in Tables
120, 121 and 122 respectively and a critical comparison
of the data with those obtained in the First series of
experiments (Table 28) show that supplementation with methio-
nine and tryptophane significantly enhances protein
digestibility whether the diets contain raw or autoclaved
cowpea (Diets F and H) or raw or autoclaved tur dhal
(Piets G and I), Between the raw cowpea and tur dhal

diets supplemented with methionine and tryptophane
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(Diets F and G) as also between the amino acid supplemented
autoclaved cowpea and tur dhal diets (Diets H and I) no
significant difference is observed in the digestibility

of protein. Protein is found to be most digestible im the
control diet, In regard to fat, supplementation with
methionine and tryptophane (Diets F, G, H and I) does not
appear to increase its digestibility. -On,the other hand,
digestibility of carbohydrate in the amino acid supplemented
raw cowpea diet (Diet F) is significantly increased as
compared with the amino acid supplemented tur dhal diet
(Diet G), In the case of the autoclaved pulse diets (Diets
H and I), supplementation with methionine and tryptophane
does not bring about any benedicial effect on the digesti-

bility of carbohydrate in either case.

Blood values

The summarised data on red blood cell, presented
in Table 132, and haemoglobin and plasma protein concentrations
given in Table 133, statistical analyses of the results set
out in Tables 134, 135 and 136 respectively and a critical
comparison of the results with those obtained in the first
series of experiments (Tables 46 and 47) reveal no significant
difference in red blood cell and haemoglobin concentrations

between animals maintained on cowpea and tur dhal both raw



- 292 -

dﬁd autoéiaied'ﬁith ;nﬁ wi%h@uf;éubplementation of methionine
and tryptophane (Diets F, G, H and I), ‘As fégérdsplaaha
protein.ws{gnificanfly'highet“bdnééntration is gHsarved
in snimals receiving rav cowpea diet supplémented with
methionine and tryptophane (Diet ¥) as compared with those
maintained on the amino acid supplemented raw tur dhal'diet
(piet G).
COnceﬁtratioﬁ of g1dt§m1c-oxa1o acettc-tranéamiﬁase~and
Glutamiec pyruvic transaminase in serum and liver

Summarised data on glutamio-éxalo acetic transaminase
and glutamic-pyruvic transaminase in serum and liver preaénted
in Table 142 and statistieal analyses of thé results given
in Thbles 1l to 147 clearly indicate that animals receiving
the various diets (Diets F, G, H and I) show no significant
diffqrenne-in reapect of these enzyme concentrations. However,
ratq.reeeiving the amino aeid,supplementeé‘antoclaved cowpea
and autoclaved tur dhal diets (piets H and I) ;how‘slisht
incorease in glutamic-pyruvic transaminase in serum and
liver over those of rats maintained on diets containing
ra¥ cowpea and raw fur dhal supplemented with amino acids

(Diet F and G respectively).
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Concentration of glycogen in liver

The summardised data on liver glycogen presented
in Table 143 and the statistical analyses of the results
detailed in Table 148 do not show any significant difference
in the liver glycogen content between the animals fed the

different diets (Diets P, G, H and I).

Liver fat and liver protein contents

The summarised data on liver fat and liver protein
contents presented in Table 153, represented in Figures
8 and 9 respectively, statistical analyses of the results
furnished in Tables 154 and 155 respectively and a eritical
comparison of the results with those obtained in the first
series of experiments (Table 69) show that animals fed
. the raw tur dhal diet supplemented with methionine and

Ltryptophana (piet G) possess significantly higher liver

4
»

(fat content as compared with those maintained on the amino
acid supplemented raw cowpea diet (Diet F). As between
the autoclaved pulse diets supplemented with methionine

and tryptophane, no significant difference is observed
(Plets H and T).

As regards liver protein content no significant
difference is observed between animale receiving the various

diets used in the present series of experiments (Diets F,
G, H and I),



INTERNAL ORGAN WEIGHTS
Liverg_sgleen, kidney and heart

From the summarised data on internal organ weights

presented in Table 160 and from the results of statistical
analyses detailed in Tables 161 to 169. a signifieantly
higher 1ncreaee in the weight of livers of rata maintained
on diets containing raw conea supplemented vith methionine
and tryptophane (Diet F) 1s diaoernrble as compared with
those of animals fed the amino acid supplemented tur dhal
diet (Diet G). As befween the animals paipteiged QHNtbG.,
two autoeclaved pulsc diets supplemented with methiooine
and tryptophane (Diets H and I), no significant difference
is oﬁsorvediin the liver weight. Apparently, the diets
(Diets F, G, H and I) do not appear.to exert any significant
influence on the weights of heart and kidney,
Caecad

The summarised data on caecal velghts with and
without contents. presented in Table 169 and etatietica!
analysee of the same detailed 1n Tables 170 and 171
reepeetivelj gshow that caecae with conteats of animele
maintained on diet G containing raw tur dhal supplemented
wvith methionine and tryptophane have significantly higher
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weights as compared with those of animals fed the amino
acid supplemented raw cowpea diet (Diet F), As between
the two amino ﬁcid supplemented autoclaved cowpea and

autoclaved tur dhal diets (Diets H and I respectively),

no significant difference is observed in this regard.

Animals receiving the different test diets (Diets
Fy, G, H amd I) show no significant difference between them

in respect of weights of caecae without contents,

Pancreass

The summarised data on pancreatic weights presented
in Table 176 mamd the statistical analyses of the results
set out in Table 177 show significantly higher pancreatic
weights in the case of rats maintained on diet F containing
raw cowpea supplemented with methionine and tryptophane,
as compared with the same of animals receiving the amino
acid supplemented tur dhal diet (Diet G). As between the
amino acid supplemented autoclaved cowpea and autoclaved
tur dhal diets (Diets H and I), no significant difference
is observed, Between the amino acid supplemented raw tur dhal
and autoclaved tur dhal diets (Diets G and H respectively),
significantly higher pancreatic weight is observed in animals

fed diet G containing raw tur dhail,
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It has been reported that hypertrophy of pancreas
represents one of the physiological effects produced by
feeding raw soyabean in rats (Booth et al., 1960 and
Alumot and Nitsan, 1961). Although several reasons have ﬁﬁailwn~_
advanced and condecturﬁsmade in regard to this phenomenon
(Lyman and Lepkovsky, 1957; Melnick et al,, 1946 and
Lyman, 1957) based on the presence and concentration of
protease inhibitors in soyabean, the exact mechanism involved
in the production of this phenomenon still remains obscure
The results of the present investigation do not furnish
any channel to get anf insight intoe the complexity of this
problem in as much as conclusive information as to the
concent#ation of one or more of protease inhibitors and
their effects on the physiological responses of the animals

_in these two pulses, viz,, cowpea and tur dhal, is hardly

available from literature,
THIRD SERIES OF EXPERIMENTS

Feeding trials with autoclaved cowpea and tur dhal diets
cach containing 19% protein on nitrogen basis

Data presented in Tables 178 to 180, summarised in
Table 187 and statistical analyses of the results given in
Table 195 show that animals receiving the autoclaved cowpea
diet at 184 protein level on nitrogen basis (piet J) grow
» at a significantly higher rate than those receiving the
isoproteimic tur dhal diet (Diet K) during the experimental
period of 28 days. However, weight gain comparable with
25 ‘ that observed on the control diet (Diet L) is not obtained
on the diet containing autoclaved cowpea (Diet J).
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Protein efficiency values

The data presented in Tables 191 to 193, their
summarised values in Table 19k and the results of statisti-
cal analyses given in Table 195 reveal that the two pulse
protein diets (Diets J and K) do not show any significant
difference between them in respect of this efficiency

factor.

Blood values

From the summarised data presented in Table 187
and from the statistical analyses of resulis given in
Tables 189 and 190, it is evident that the experimental
diets (Piets J and X) do not exert any influence on red
cell and haemoglobin concentrations, since animals fed
these diets as well as those receiving the control diet

(Diet L) show essentially the same values for these formed

elements of blood.

Reproduction and lactation studies with raw and autoclaved
cowpea and tur dhal diets each comtaining 18%¢ protein on
nitrogan basis

It will be seen from Table 201 that the percentage

conception of animals receiving the raw cowpea and raw

tur dhal diets (Diets M and N) is comparatively less in
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both instances than that of animals maintained on the
control diet 0, rats receiving diets containing autoclaved
cowpea and autoclaved tur dhal (Diets Pand Q respectively)
showing no appreciable difference in the percentage
conception between themselves or as compared with those

receiving the control diet O,

Diets containing dninitrogen basis 18% raw cowpea
protein,; 18% vaw tur dhal protein, 184 casein, 184 auto-
claved cowpea protein and 18% autoclaved tur dhal protein
(Diets M, N, O, P aﬁd Q respectively) do not seem to exert
any influence on the litter size (Table 205), A slightly
lower birth weight is observed in the case of the new born
of animals fed diets containing raw cowpea and raw tur dhal
(Diets M and N) as compared with the same of new horn of
animals maintained on the control diet O, The raw cowpea
diet (Diet M) appears to bring ahout higher birth weight
as compared with the tur dhal diet (Diet N). The birth
weight of young of animals receiving the raw cowpea diet
(Diet M) 18 comparable with the same of those horn of the
control animals. As between the new born of animals
receiving the autoclaved cowpea (Diet P) and the autoclaved
tur dhal (Diet Q) mo difference is apparent either between

themselves or as compared with control.
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Weaning weights of the young of animals receiving
the raw pulse d1e£s (Piets M and N) are lower than the
game of those of the control animals, weaning welghts of
the young of animals fed diets M and N showing no appreciable
difference between them. As between the animals receiving
the autoclaved cowpea and tur dhal diets (Diets P and Q)
no noticeable difference is seen in the weaning weights

of their young.

From a critical assessment of the overall results
obtained during the course of the present investigation,

i1t is evident that both raw tur dhal (cajanus cajén) and

raw cowpea (Vigna cat;Jang) at 10% protein level in the

diets on nitrogen basis will not support growth in rats
unless these pulses are autoclaved and fed., This obser-
vation ig essentially in agreement with that reported in
the literature (Niyogi et al., 1931; Swaminathan, 1938
Borchers and Ackerson, 1950; Jaffe, 1950; Subba Rao and
Subramaniam, 1950;/irwe and Magar, 1951; Esh and Som, 1952}
Shevwood,

Weldon and Peterson, 1954; Phansalkar, Patwardhan and
Ramachandra, 19573Blias et al.,, 1964; Braham et _;..19653

Dako et al,,1966; Devadas et al., 1967; Tara et al. 19723

and Vijayalekshmy et al., 1972),



- 300 ~

The poor growth response observed in rats maintained

on raw pulse diets (Diets A and B) can hardly be attributed
£

\/// to low food consumption, since the food intakes of animals

n

receiving these diets as well as of those maintained on

the control diet were nearly the same,

The gignificantly higher growth rates observed in
animals fed the autoclaved pulse diets positively suggest
the presence in these pulses of heat labile antiproteolytic
factors as has been reported in the case of several legumes
(Bowman, 194k, 46, 48; Kunitz, 1945, 46, 47a, h7n, 48;
Borchers et al.,1947.; Jaffe, 1950; Sohonie and Ambe;1955;
Schonie and Bhandarkar, 195§Honavar and Sohonie, 195%a¢
Sohonie et al., 1959; Honavar et al.,1962 and Jones et al.,
1963) inclusive of cowpégiand turhahal (Borchers et ale,

1947, and Sohenie and Bhandarkar, 1955).

It has been reported (Vijayaraghavan and Srinivasan,
19533 and Chitre et al., 1956) that the limiting eéaential
amino acids in the proteins of cowpea and tur dhal are
methionine and tryptophane. Feeding trials carried out
previcusly by the author of the present thesis for the

Masters' degree (Sivaraman, 1969) had shown that methionine

- and tryptephane supplementation to a synthetic diet contain-

ing cowpea protein at 104 level brings about a signfficantly
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higher growth response in rats than that observed eilther

on the control diet containing 107 casein or on the
synthetic diet containing 109 isolated tur dhal protein
supplemented with methionine and tryptophane. Tt was
observed further that animals maintgined on diet containing
104 cowpea protein showed a positive growth response when
the diet was supplemented with methionine in the 5th

week, tryptophane alone in the 6th week aﬁd both methionine
and tryptophane in the 7th week, the average weight gains
being 14.8g,, 6.8g, and 18, kg, respectively. Likewise,
animals receiving the synthetic diet containing 104

tur dhal protein alsc showed a positive growth response
when the diet was supplemented with tryptophane in the

5th weel, methionine along in the 6th week and hoth trypto-
phane and methionine in the 7th week, the average weekly
weight gains being 6.2 8. 7.1 g. and 18.2 g. respectively.
The average weekly weight gains of animals receiving the
diet containing 104 casein (control diet) during the S5th
week, 6th week and 7th week were 5.5 g, 6.0 g and 5.8g.
respectively. The changes in weekly body weight of animals
brought about by the withdrawal of methionine and tryptoph4ne,
one at a time or both at weekly intervals from the diets

(Diets B and F) also indicated that the most limiting
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essentinal amino acid in cowpea protein is methionine

5
/ and that both methionine and tryptophane are limiting

TN
in tur dhal protein (Vide Tables IV and V in Appendix).
A Data given below, on the amino acid contents of cowpea
g
,&/QPJk and tur dhal proteins obtained by chromatographic analysis

(Plate I) iend further evidence te support this inferences

Amino acid content in cowpea, tur dhal and their proteins
(g./?ooga)l. \I

Cowpea Tur dhal
Amino acids Flour Protein Flour Protein
Tsoleucine P h.3 0.9 h,0
Leucine 1.3 6.2 0.9 5.3
Lysine 1.1 6.4 0,9 6.3
Methionine 0,2 1.h 0.1 0.8
Phehylalanine 1.2 5.2 1.5 6.7
Threonine 1:0 3.7 1.0 h,5
" Valine 1.1 h.,g 0.8 3.6

It is interesting to observe that supplementation
of autoclaved cowpea and autoeclaved tur dhal with methionine

and tryptophane further enhances (P <0.01) the growth



Plate No,1

Paper chromatogram of cowpea and tur dhal--

acid hydrolysates

X IT IIT IV v

Cowpea Cowpea - Tur dhal Tar dhal Amino acid
protein flour protein flour Mixture

1. Leycine 5. Methionine

2. Tsolencine 6. Threonine

Phenylalanine 7. Lysine.

Valine
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of rats maintained on these diets(Diets H and I).
This observation is essentially in keeping with the

i findings of Devadas et al,, (196%9), Vijayalekshmy et al.
(1972) and Jaffe (1949, 1950) with tur dhal and of Thompson
and Simpson (1973) and Sherwood et al. (1954) with cowpea.
When autoclaved tur dhal and cowpe.;;r. were fed at 184
protein level on nitrogen basis (Diets J and X) it was
observed that animals receiving the autoclaved tur dhal
diet (Diet K) gained weight during the experimental period
of 28 days 42 g. only as against 63.0 g. and 73, 9 g,
respectively by those fed the diet containing autoclaved
cowpea (Diet J) and the control diet (Diet L), Tt hase
been reported (Vijayalekshmy 2&_51., 1972; Sohonie and
Bhandatkar, 195%) that tur dhal possesses higher trypsin
inhibitor activity as compared with cowpea, According
to Jaffe (195&) those legumes which have the highest
‘trypsin inhibitor activity ti are also those in which the

kx///digestibility as measured in vivo in rats is most improved
by cooking. The observation.mads during the course of the
prlent study in this regard ijlehsentiélly in keeping with
that abaarvcd by Jaffe (195&)

Autoclaved pulse diets without supplements of amino

-

.lﬁﬂ&¢ (Di0t F, G, H and I) appear to exert beneficial effects
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on nitrogen]rétention. liver protein, and red cell, haemo~
globin and plasma protein concentrations - physiological
functions specifically dependent on the quality and quantity

of dietary protéin.

Since the number of animals employed for reprodu-
ction and lactation studies was too small, no attempt was L////
made to statistically analyse the data obtained thereon.
The results, however,tend to show that the diets used
in the present study apparently do not show any appreciable
difference in their ability to subparf these ﬁhyaiblogieal

functions,

Congiderable literature has accumulated on the
concentration, and characterisation and nutritional aspects
of protease inhibitors in several legumes (Liener, 1950
1958, 1962; Borchers, 1965; Rackis, 1963; Birk, 19613 Mickelson
and young, 1966; Putzai, 1967; Kunitz, 1945, aekk,6 1947,
1948 Birk et al., 1961, 1963; Tauber et al., 1940;
Honavar and Sohonif, 1959; Bowman, 194lk; Honavar et al.,
1962; Sohgnie and Bhandarkar, 1950 ; Sohanie and Ambe, 1955
Borchers et al., 1947) and even in some cereals (Shyamala
et al., 1961; Polawowski, 1967; and Shyamala and Lyman,
196%). Beneficial effects bmought about on growth response

by heat treatment ane onmeegwentiy on accoumt of the
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destruction of protease inhibitors totally or mostly.
However, acecording to Liener@#ﬂéggi)many facets of the
subject are still im controversial and unexplained so that
a final evaluation of the information at hand is still not

possible,

Most of the work on tﬂe roles played by protease
inhibitors in the nutrition and physiology of the animal
organism and the mechanism involved in their activity had
been confined to soyabean (Venkat Rao, et al., 1964;
Bowman, 194l; Westfall and Hauge, 19483 Liener, 1973
and Bressani and Elias, 1974), CQmparatiﬁely very little
work has been carried out in respect of other legumes,
particularly so as applied to tur dhal (Cajanus cajan)
and cowpea (Vigna catjang), Besides the work of Esh and
Som (1952), Hirwe and Magar (19%51), Goyco and Asenjo (1965),
Dako (1966), Jaffe (1950), Braham et al. (1965), Hirwe
~ and Magar (1953), Phansalkar et al. (1957) and Basu and
Haldar (1939) on tur dhal and of Swaminathan (1937),
Niyogi et al. (1932), Jaffe (1949), Richardson (1948),
Chaves et al., (1952), Brassani et al. (1961) and Braham
et al. (1965) on cowpea hardly any work could be traced
from literature in regard to these two pulses of vital
importance tofaevoloping country like India. According to
Bressani (19733,l“99171“8 adequate amounts of high quality

protein to the increasing population in developing countries
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3 is not an easy endevour and the time for the nutritional
I

e
and agronomic improvement has now arrived-food<that have
!\

- been chosen as the natural protein supplements to cereal

grains since neolithic times. The applications of the

benoficial results obtained during the course of the present

S

\\J///iﬁvestigation'in regard to these two pulses viz., cowpea

and tur dhal, on autoclaving and on supplementation with

the 1limiting essential amino acids methionine and tryptophane,
are therefore to be reckoned as significant and of paramount
importance in feeding practice from point of wview of

national health and wealth, In faect that it is so has been

indicated by Swaminathan (1971).
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SUTMMVAIX
et

Three series of feeding trials were ecarried out
using gwowing albino rats as experimental subjects during
the present investigation in order to assess (1) the
comparative effects of feeding raw and autoclaved cowpea
and raw and autoclaved tur dhal inceorporated in the diet

each at 104 protein level on nitrogen basis on specific
physiological functions such as growth, nitrogen balance,
blood formation, liver fat, liver protein and liver and
serum enzymes (2) the relative merits of these diets on
feeding on the various physiclogical functions on supple-
mentation with methionine and tryptophane and (3) the
jimprovements brought about in respect of the various
physiological functions when autoclaved pulses are incor-
porated in the diets at 184 protein level on nitrogen basis
and fed. These experiments were performed in continuation
of the work carried out by the author for the M.Sc., degree
on the nutritive values of the two pulses, fiz., tur dhal
and cowpka. The salient observations made during the
course of the three series of experiments carried out
during the course of the present invesﬁigation and the
obviously important inferences drawn from the results

obtained are given below, series wiset-
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FIRST SERIES OF EXPERIMENTS

(1)

(2)

-

o

(3)

(%)

(5)

(6)

Diets containing raw cowpea and raw tur dhal each
containing 10% protein on nitrogen basis do not
support somatic growth in rats.

Both autoclaved cowpea and autoclaved tur dhal
diets each containing 104 protein on nitrogen basis
promote growth of rats, the average gain 1n weight

in both instances being essentially the same.

Autoclaved cowpea and autoclaved tur dhal diets
are inferior to the control diet in promoting

growth response.

Growth rata is not influenced by food consumption
as little variation is shown in this respect between

the animals fed the different diets,

Autoclaved cowpea and autoclaved tur dhal diets
give significantly higher protein efficiency values
than the corresponding raw pulse diets, both these
registering essentially identical values in this
respect, but significantly lower values as compared

with the control diet,

In regard to nitrogen retention the results show

the same trend as protein e fficiency values.
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(7) Digestibility coefficients of nutrients in the axk
autoclaved cowpea and tur dhal diets are significantly
higher than of those in the respective raw pulse
diets but less so as compared with the control diet,
the raw pulse diets showing no significant difference

between them.

(8) The diets used in the present study do not show
any significant difference between them in their
ability to support vred cell,haemoglobin and plasma

protein concentrations.

(9) Glutamic oxalo acetic transaminase and glutamic
pyruvic transaminase concentrations in serum and
liver are not significantly influenced by any one
of the diets used in the present study, although
on the raw cowpea diet and on the raw tur dhal diet
comparatively lower values for glutamic pyruvic

transaminase are obtained,

(10) Liver glycogen is not significantly influenced by

any of the diets used in the present gstudy,

(11) Diete containing raw cowpea and raw tur dhal bring
about on feeding significantly higher liver fat
content as compared with the control diet and the

autoclaved tur dhal diet, As between the autoclaved
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pulse diets no significant difference is observed,

(12) As regards the liver protein content no significant
difference is discernible between the diets used

in the present study,

(13) The autoclaved pulse diets increase significantly
the weight of liver, kidney and heart as compared

with raw pulse diets,

(14) The raw cowpea and raw tur dhal diets bring about
on feeding significantly higher ecaecal weight in
rats as compared with the control diet, the raw
tur dhal diet bringing about significantly higher

caecal weights than the autoclaved tur dhal diet.

(15) oOn the autoclaved pulse diets, significantly lower
weights for pancreas are obtained as cdmpared with
the raw pulse diets, While no significant difference
is observed in pancreatic weights between animals

fed raw cowpea diet and autoclaved cowpea diet,
significantly higher pancreatic weight is observed

7 in the case of animals maintained on the raw tur dhal

diet as coupared with the diet containing autoclaved

tur dhal.
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SECOND SERIES OF EXPERIMENTS

e =SS S PR e

(1) Diets containing raw cowpea and raw tur dhal both
supplemanted with methionine and tryptophane promote
growth in rats in eontrast with the reaults observed
in the first aeriea of experiments with raw cowpea
and ravw tur dhal without supplementation with these
};m;ting“agigp acids.‘ 51gnif;qant1y'higher growth
rate is obtained in.the—pfoeent aeriéé ﬁf‘experiments.
with diet containing tur dhal as compared with that

containing cowpea.

(2) As regards the amino acid supplemented autoolaved
pnlse diets, both promote significantly higher growth,
¢1etvcontain;ng autoclaved tur dhal exerti&g
éignificantl& higher influence than diet containing

dutoclgyed/60Wpeé.‘

dtoclaved pulse diets supplemented with the limiting
aminq acids, methionine and tr&ptophana promoté
significantly better growth in rats than the control
diet.

(4)  Supplementation of diets containing raw or autoclaved

cowpea and raw or autoclaved tur dbhal, with methionine



and tryptophane significantly enhances their

protein efficiency values,

(5) The autoclaved cowpea and tur dhal diets supplemented
with methionine and tryptophane register significantly
Q,/// higher prﬁtein efficiency values as compared with
the control diet, the amino acid supplemented tur dhal
diet sign&lling and significantly higher value in
this regard than the amino acid supplemented

antoclaved cowpea diet,

(6) Autoclaving cowpea and tur dhal brings ahout with
or without methionine and tryptophane supplementation
a higher nitrozen retention in rats than the raw
pulse diets, maximum nitrogen retentiom being obtained

in the control diet.

(7) As between the amino acid supplemented raw and
autoclaved cowpea diets on one hand and the amino
acid supplemented raw and agutoclaved tur dhal diets
on the other, no significant difference is observed

in nitrogen retention,

(3) Supplementatioﬁ with methionine and tryptophane
L////i:lgnificantly enhances protein digestibility in diets

irrespective of the fact, whether the diets contain

raw or auntoclaved cowpea or raw or autoclaved tur dhal,



(9)

(10]

(11)

(12)
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supplementation with methionine and tryptophane

does not influence the digestibility of fat while
carbohydrate digestibility is seen to be significantly
increased in the case of the amino aecid supplemented
raw cowpea diet as compared with that in the amino

acid supplemented tur dhal diet,

supplementation with methionine and tryptophane

does not bring about any beneficial effect on the
digestibility of carbohydrate either in the case

of autoclaved cowpea dilet or in the case of autoclaved

tur dhal diet.

As regards red cell and haemoglobin concentrations,

\.,_______________ e T
no significant difference is observed between the—

animals maintained on the various diets; Tn m respect

of plasma protein concentration, however;- a signifi-
cantly higher concentration of plasma protein is
observed in animals receiving the raw cowpea diet
supplemented with methionine and tryptophane as
compared with those maintained on the amino aecid

supplemented raw tur dhal diet.

In respect of maintenance of glutamic oxalo acetic
transaminase and glutamic pyruvic transaminase levels

'y

in serum and liver and liver glycogen content, "2
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the diets used in the present study do not show any

significant difference between them.,

(13) On raw tur dhal diet supplemented with methionine
and tryptophane, significantly higher liver fat
content 1s observed as compared with that obtained
on the raw cowpea diet supplemented with these

amino acids.

(1“) As regards liver protein no significant difference

‘attributable-to the diet is observed,

(15) A significantly higher increase in the weight of

? livers of rats maintained on the diet containing
raw cowpea supplemented with methionine and tryptophane
is discernible as compared with those of animals
fed the tur dhal diet supplemented with the same

amino acids.,

(16) The caecae with contents, of rats maintained on
diets containing raw tur dhal supplemented with
methionine and tryptophane show significantly higher

.? weights as compared with those of animals fed the amino
{ acids supplemented autoclaved cowpea and autoclaved

tur dhal diets showing no significant difference

in this respect,



(17)

wA
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Significantly higher pancreatic weights are observed
in the case of rats maintained on diets containé%
raw cowpea supplemented with methicnine and trypto-
phane as compared with the same of animals receiving
an isoproteimic tur dhal diet, As between the amino
acid aupplemented autoclaved cowpea and tur dhal

diets, there is no significant difference.

THIRD SERIES OF EXPERIMENTS

(1)

(2)

(3)

(%)

~

Autoclaved cowpea diet at 18% protein level on
nitrogen basis promotes a significantly higher growth

response than an isoproteimic tur dhal diet.

As regards protein efficiency, the two pulse protein
diets do not show any significant differmnce between

them.

Red cell and haemoglobin concentrations are not

seen influenced by either of the diets,

The limited data obtained during the course of the
present study do mot indicate any appreciable !
difference between the diets in their ability to
support physiological functions such as reproduction

and lactation.

The significance of the above influences is discussed

briefly,
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STUDIES ON THE NUTRITIVE VALUES OF COW PEA
(Vigna catjang) AND TUR DEAL (Cajanus cajan)

By
BE. SivaramaN and MAGGIE MENACHERY
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Kerala Veterinary College and Research Institute,
Mannuthy, Trichur

Pulses constitute the chief source of dietary profein for many
fragments of the world’s population, especially in regions where animal
protein is in short supply or where most people do not consume fish,
egg or meat in any form. Besides being an excellent source of vegetable
protein to the human population, leguminous crops also provide good
fodder for livestock. From putritional point of view, pulses not only
supplement cereals (Bressani, et al 1962) but on account of the differ.
ences in the amino acid compositions of the constituent proteins they
also supplement each other (Phansalkar and Patwardhan, 1964).
Although great deal of work on the nufritive values and supplementary
effects of wide varieties of pulses has been carried out (Venkita Rao
¢t al 1964), comparatively very little work has been done in this regard
with cow pea (Vigaa catjang) and tur dhal (Cajanus cajan)- two Impor-
tant sources of nitrogenous foods for man and livestock. It was therc-
fore considered essential to know more about the nutritive values of
these two pulses, in order to judge how far these could be reckoned as
nutritionally adequate as nitrogenous foods when fed as the sole source
of dietary nitrogen. Accordingly, an investigation was carried out to
assess the nugritive values of cow pea and tur dhal, choosing albino
rats as experimental subjects and weight gain and red blood cell (R.B.C ),
haemaglobin (Hb) and plamsa protein concentrations of the animals as
the creteria. Results of this study are reported in the present paper.

Materials and Methods

Diets :— Three isoproteimic diets were used in the investigation,
one containing 70 parts of cow pea flonr (Diet A), another containing
70 parts of tur dhal flour (Diet B) and the third containing 18 parts of
casein (diet G). Diet C gerved as control. The composition of the
diets is described in Table 1. Seventy parts of cow pea flour and 70
parts of tur dhal flour contained respectively 15-0 and 14-1 parts of
protein (N x 6:25), The protein level was made up to 18 parts in diets
A and B on nitrogen basis by the addition of the required amounts of
protein isolated from cow pea and tur dhal respectively,
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TABLE 1
Percentage composition of the diets with average food intakes,

. 1 ;

| |
Hydro- | Average

Cow | Tur [ Protein | ;
Diet | pea | dhal |A - . genated Salt* | daily food
i ﬁpm:r ﬂo;,llr A mg}epr}: ;feg%‘i‘}‘! Sucrose mixture IDIZI;S in
‘. .
Al |70 s — 3 5 17 5 61
' (Cow pea
[ protein)
(Tur dhal ‘
. ‘ | protein) [.
Ct (= 20 IS LA 6h 18 5 12 SO IRty
| ] (Casein) l

* Steen bock — Nelson Salt Mixture (Steen bock and Nelson, 1923; Pearson,
Elvehjem and Heart, 1937) No. 40 plus 0-03 Percent Cu So, 5H,0

Animals: Forty two young albino rats of the Colleg~ stock colony
ware distributed inso groups of i4 each, as evenly as postible in regard
to age, weight and sex. The animals were housed in individual cages
with raised screen bottoms. The three groups of animals were maintai.
ned on the respactive diets (Diefs A, B and C) for a period of 28 days.
In addition to the diets, all animals were given ‘‘Adexulin” (Gluxo)
corresponding t0 300 i.u, of Vitamin A and 50 i.u. of Vitamin D per rat
per day, 3, mg. of Vitamin B (o< - tocopherol) per rat once a week and
the following daily supplements of water-soluble vitamins of the B
complex : thiamine hydrochloride 50 4g., riboflavin 50ug , pyridoxin

hydrochloride 100 g., nicotinic acid 100 ug., calcinm pantothenaie

100 pg. and choline choride 5 mg. The snimals were fed ad {:band
were weighed once a week. Daily food intake records were maintained,

Materwals : Cow pea and tur dhal required for the preparafion
of the experimental diets A and B were purchused locally, dried at 80°C.
in a hob air oven and powdered first with the aid of a Wiley milland sub-
sequently with pestle and mortar. Proteins from cow pea and tur dhal
for incorporation into diets A and B respectively were prepared by
extraction of the respective flour with 3:5% (W/V) NaCl. solution,
precipitation from the solution at full saturation with (NH,), S0,,
redissolving the precipitates in water followed by filiration and repre-
cipitation by heat coasgulation at 100°C. The heat coagulated proteins
were washed free from (NH,), 80, and dried with acetone. Casein
required for the study was prepared from skim milk powder according
to the method described by Cohn and Hendry (1930).
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Methods ;.= The chemical composition of cow pea and tur dhal
was worked ounf following the standard methods described in A.O. A.C.
(Association of Official Agricultural Chemists, 1955). For the determi.-
nation of r. b. c,, haemoglobin and plasma protein concentrations, the
procedure described by Chandran and Ambegoaker (1959) was adopted.
Blood samples for the determination of red cells and haemoglobin
concentrations were obtained by snipping the tail of the rat. Plasma
protein was estimated on the pooled samples of plasma obtained after
cenfrifugation of the blood withdrawn by heart puncture from the
animals maintained on she respective diets {Diets A, B and ). Sodium
citrate was used as the anticoagulant. Plasmsa protein determinations
(Total plasma nitrogen x 6-25) were made only at the beginning and a%
the end of the experiment, Non-protein nitrogen was not estimated.

Resuits and Discussion

The chemical composition of the two pulses is sef out in Table 2.
The data indicate that essentlally, cow pea and tur dhal possess more or
less an identical chemical composition. The average values for weight
gain and r.b.c., haemoglobin and plasma protein concentrations of the
three groups of animals are presented in Table 3. The results were
statistically apalysed according to the method described by Snedecor
(1956),

TABLE 2

Percentage composition of cow pea and tur dhall

Constituents Cow pea { Tur dhal
Moisture 6:2 6:9
Crude protein 214 20-2
Ether extractives 1:3 1-9
Crude fibre 4-6 1:2
Nitrogen free extract 62:0 66-9
Ash 4.5 2.9
Cao 0-35 0-99
P,y0g 0-52 0-75

Since purified proteins of cow pea and tur dhal were not used in
place of the respective flours in the preparation of the diets A and B, the
diets A and B can hardly be designated as truly synthetic. Nevertheless,
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in as much as these diets are isoproteimic and essentially similar in
almost all respects, it would appear that the results are attributable to
the quality of proteins in the respective diets.

TABLE 3

Average values with standavd error for Body weight (gm.) and R. B, C.
(mill/mm?3), Hb. (gm./100 ml.) and Plasma protein concentrations
(gm./100 ml.) of rats maintained on different diets.

D
Diet No. of it
animals 0 | 7 J 14 J 21 28
A 14 Weight 61+2-19| 68+3-01| 70%3-58| 977+3.47| 80%38-72
R.B.C, |7-66+0-32(8-01+0-15|8-59+0-22|8:-63+0-25| 8-86+£0-29
Hb 11-9+0-15/12-0+0-16(12-1£0-19|18-8+0-95 (| 14-4+0-43
Plasma
protein 6-71 = —_ —_ 6-95
B 14 Weight 62+2-05 5Bi2-58I 581+2-66 61+3-40 65+3-01
R.B.C, |7-58+0-27|8-184+0-24 |8.-36:£0-13|8-47+0-28/| 8:61%0-22
Hb 12-1+0:19|12-8+0-21|12-5%£0-34|13-40-19| 14-0%£0-31
Plasma
protein 5-04 —_ —_ — 6-12
C 14 Weight 62+3-20| 67Xx3-05( 73X£3-26| 78x:3.40| B86+4.07
R.B.C. |6-95+0-16|7-86%£0-18(8-47+0-21|8-35+0-13| 8-240.22
Hb 12-0+£0-16(12-4%+0-18|12-5%0-14 13-9:1:0-‘.2114--11:0-:1:’.
Plasma
protein 5-95 e= = — 6-55
Statistical significance of gain in weight between diets
‘t' values
C Vs A C Vs B A Vs B
0-91 3-95* 3-14 2

® Significant at 1% level.

It will be seen from Table 3 that the animals fed the control diet
C and those maintained on the isoprofeimic diet A show a growth
response of 23:0 and 19:0 gm. respectively during the experimental
perlod of 28 days, whereas the weight gain of animals receiving the
isoproteimic diet B is as low as 3:0 gm. during the period. Statistical
analysis of the results clearly indicates that diets A and C possess better
growth promoting values than Diet B, the difference between the final
weights attained at the end of the experimental period (28 days) by the
animals maintained on diets A and C on one hand and the weight attai-
ned by those receiving diet B on the other being highly significant.
The analysis further reveals that diet A is nearly as effective as the
control dies C in inducing growth in the rats, as the difference between
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the final weights attained by these two groups is nof statistically signifi-
cant, It is thus seen that cow pes possesses a good quality protein
source and that the nutritive value of cow pea protein for promoting
growth is superior o that of tur daal protein, This inference is found
%0 be in accord with ths assessment of the probable nutritive values of
these two pulse proteins from s knowledge of their respective amino
acid compositions (Patwardhen and Ramachandran, 1960).

I# will be evident from Table 3 that all the three diefs support
the concentration of r.b.c., hemoglobin and plasma profien in the rats,
as animals in all groups maintained normal levels for these constituents
throughout the course of the experimenf (28 davys). It will be seen
further that diet B which does not support somafic growth in the rat
promotes she formation of blood protelas in the animals. This interest-
ing observation stressed the need to revaluate the nutritive values of the
three diets in terms of the specific physiological function of red cell and
haemoglobin formation. Since normal animals are of little use for
purposes of such studies on account of the fact that these animals
seldom show any marked response on the blood picture either to profein
supplementation or to protein deficiency, these experiments had fo be
carried out on adult rats rendered ansemic by phenylhydrazine as
described by Yeshoda and Damodran (1947).

Rate of recovery of rats maintained on diets 4, B and C from
Phenythydrazine anaemia

The resulis of this investigation as also the sfatistical analysis of
the data presented in Tables 4 and o respectively clearly indicate that
while there is no significant difference between the three groups in the
rate of regeneration of red cell from the 4th to 16th day of the experi-
ment, there is a significantly higher rate of regeneration of haemoglobin
in the case of animals recsiving the control diet C during the period, the
dieis A and B showing no significant difference between them in their
ability to promote haemoglobin synthesis. In regard to body weight,
it is found that animals receiving diet A show a slight gain in weight
comparable with that of animals maintained on the control diet C con-
taining casein, while in marked contrast, those fed diet B show a signi-
ficant reduction in weight during the experimental period. Itis quite pro-
bable that from the breakdown of body tissues, additional amounts of such
limiting amino acids in tur dhal protein as tryptophan, methionine and
histidine (Patwardhan and Ramachandran, (loc. cit) might have become
available for haemoglobin synthesis in the case of animals receiving
diet B, as otherwise it is quite unlikely that these animals could have
sho;;'n haemoglobin levels comparable with those of animals maintained
on diet A.
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TABLE 5

Statistical significance of the data presented wn Table 4 (‘' values)

. . Rate of regeneration| Rate of regeneration
Groups Body weight gain
compared | (between 0-28th day) °fdl:‘ﬁl3_£;5$?:;?“ %ﬂfﬁ’f?ﬁ‘ﬁi‘;ﬁ
Cvs. A 0:0 0-45 2-76""
Cvs. B | 6:-26* 1:70 2-19'%
A vs, B 4-94* 1:27 0-78

® Bijgnificant at 1% level.
s+ Significant at 5% level.

An assessment of the over-all results of this investigation points
to show that the protein of cow pea possesses a better nutritive value
than that of tur dhal. However, its superlority in this regard over tur
dhal protein can be explained in qualitative and quantitative serms of
amino acld requirements of the rat, only after further experimentation
with purified diets with and without supplements of the varying
limiting amino acids in the respective proteins.

Summary

The nutritive values of cow pea (Vigna catjang) and tur dhal
(Cajanus cajan) were investigated using albino ras as the experimental
subjects and choosing weight gain and red cell, haemoglobin and plasma
protein concentrations of the animals as the criteria, It was found that
cow pea flour incorporated in a diet at & 18% protein level on nitrogen
basis promotes, on feeding for s period of 28 days, a significantly higher
growth response in the rats than tur dhal supplied through an isopro-
teimic diet. The growth rate obtained with cow pea flour is found to
be essentially the same as that observed with a control diet containing
18% casein as the sole source of nitrogen. While no significan$
difference is noticed between the diets in their ability to support the
formation of red cell, haemoglobin and plasma protein in the normal
growing rats, assessment of the haemopoietic response in adult animals
by the phenylhydrozine anaemia technique showed that for promoting
haemoglobin formation, the two pulse protein diets are less efficient
than the control diet containing casein, The significance of these obser.
vations is discussed briefly,
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APPENDIX

Summarised results of the work carried out by the

author for the award of the M.Sec. degree:

- e

Experiments were carried out with young albino rats
as experimental subjects to study (1) the comparative effects
of feeding cowpea and tur dhal at 189 protpih level (on Nitrogen
basis) on grnwth and red cell, haemoglobin and plasma protein
concentrations and (2) assess the relative ability of the
isolated proteins of cowpea and tur dhal when fed at 10%
protein level, with and without supplementation of either
methionine or tryptophane or both in terms of such
physiological responses as growth, protein efficiency ratio
(P.E.R.), nitrogen retention, biological value, red cell,
haemoglobin and plasma protein concentrations, liver
protein ana liver fat contents. The effects of the diets
on feeding on the haematopoeitic responses of animals
rendered anaemic by intraperitonial injections of phenyl-
hydrazine were also assessed during the course of the

present study.
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Table I

Percenfagg composition of experimental diets.

Diets Cowpea Tur dhal Amylum Protein Protein Hydrogenated Sucrose Salt¥
flour flour supplement. source vegetable oil Mixture
Experiment I
‘ 10.0 . e 3.0 - 5.0 17.0 5-0
cowpea proiein
B ey 70.0 = 3.9 o 5-0 16.1 5&0
tur dhal protein
c —— o 60.0 e 16.0 5.0 12.0 5.0
casein
Experiment 1I
'D — —— 65-0 R 1000 500 15-0 5'0
cowpea
protein
E e, ——— 65.0 fe 10.0 5.0 15¢O 5-0
tur dhal
protein
F - - 65,01 - 10.0 5.0 15.0 5e0
casein
G*® - - 65.0 — 10,0 5.0 15.0 5.0
cowpea protein
H® - - 65.0 - 10,0 5.0 15.0 50

tur dhal protein

*Diets G and H were supplemented with methionine and tryptophane in such amounts as were assential to
¥Steenbock and Nelson salt Mixture FNo.40+0.03% Cus04, 5H20.

meet minimum requirements.



Table II

Recovery of rats maintained on diets contalning cowpea and tur dhal
at 18% protein level, from phonylhquzine ansemia

(Mean values of body weight in g, R.B.C. in mnl/m and Hb. in g/100ml1)

No. of days on experiment.
Diets 1o ‘{f
SN 0 4 8 12 16 20 24
A 8 H.B.C. 659539.2 4.8140,09 5.6140,2 6.51+0.11 6.6519.04 6.8740.05 6.94+0.05
Hb. 1409_‘!:0.06 10.5_'!;0.47 12.4_4_‘0.28 12.8‘*_0.17 1305:0.40 14.5_‘_]‘_0.23 14.610.20
weight 152.049.3 - 156.048.6 - - 135.049.5 - 133.0+11.1
B 8 R.B.C. 6.740.09 4.85:9.07 5.4240.02 6.4240.,07 6.5240.05 6.7840,06 6.5340.08
Hb. 15.540.1 10.140.23 120240.26 13.540.14 13.640.30 14.040.31 34.440.14
weight 154.048.5 - 158.048.1 - - I159.03ﬂ.7 - 160.047.4
c 8 R.B.C. 6.6439.15 4.8040.04 5.3840,08 6,3240.09 6.7240.12 6.9140,07 6,9840.2

Hbe 150240414 9.740.24 11.340.48 13.140.25 14.340.25 14.540.19 15,030.3

Statistical significance:
Rate of regeneration of R,B.C.(4-16th day)  Rate of regeneration of Hb, (4~i6th day)

CVs A 0.45 2, T6%**
C Ve B 1.70 2,19%
CVs B 1.27 0.78

##%3ignificant at 1 % level
*Significant at 5 % level
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Table III

Effects of diets containing,cowpea and tur dhal at 18% protein level on body weight (g.) and
3 and plasma protein concentration

R.B.C. (mill,Omm’), haemoglobin {

g/100 ml.

8+ /100 ml
Ho. of Days
Diets
animals 0 7 14 21 28
Weight(g.) 61.042.19 68.043.01 70.043.47 77.043.47 80.043.72
A 14 R.3.C. (mill./mn’) 706640032 8.1040.15 8.5940.22 8.6340.25 8.86+0.28
Haemoglobin (g./100 ml) 11.940.15 12.040.16 12.130.19 13.840.23 14.440.43
- Plasma protein ( " ) 571 - o — 595
Weight (g.) 3 62.042.05 58.042.58 58.042.56 61.043.40 65.043.01
n 14 R.B.C. (mill,/mm?) Te5840027 8.1840.24 B843640.13 8.4740.28 8,6140.22
Haemoglobin (g./100 m1) 12.140.19 12.330.21 12,510.34 13.440.19 14.040.31
Plasma Protein ( " ) 5.94 -— —— — 6012
wei@t fgc) 3 62.0:2.20 67.0“‘ tcs 7300i3.26 791:0:3040 85.0:4.07
c 14 R.B.C. (mill,/mm”) 66954016 7.8640.18 8.47+0.21 8.3540.13 8.2 40,22
Plasma Protein ( " ) 54954 —~ - -— 6.55

Average values with standard error.
Stastical significance of zain in weight between dists

'%t* valuess

c 78 ‘ = 0.91'

CVes B = 3,95%F,

##% Significant at 1% level.

A Vs B = 3.14%%
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Table

Effect of feeding cowpea protein and tur dhal protein diets with and without supplementation
of the limiting amino acids (Diets D, B, P, G and H) on body weight gain

Veaks

1 2 3 4 I el ! ool

Eo.0f

Aate animals 0

D 6 38032063 34033056 35.530.67 38,020.89 3772117 52f53§-47 59034185 772742078
B 6 37542074 36.752.40 340332.0 33.581.90  34s532.04 40.742.48 47+838.16 66.059is5
¥ 6  37e342.01 435.041467 §9.341085 56.640.84 70s04%.76 75551045 61581099 8703221
G 6  37e545e0  52.08490 594044270 66.846.10 914046.30 85e825.T1 99.535.10 100.335.03

E 6  37.582.T4 47423353 530283037 570833496 76s044055 73:624:04 78.33+93 7733409

% Methionine added to diet D; Tryptophane added to diet E
Methionine with_held from diet G 3§ Tryptophane withTheld from diet H.

#* Tryptophane added to diet D; Methionine added to diet E
Tryptophane withheld from diet G; Methioninec withheld frem diet H.

#a*» Methionine and tryptophane added to diets D and E
HMethionine and tryptophane with:-held from diets G end H



‘//// Table Y

Effect of feeding ~ Cowpea protein and tur dhal Protein at 10% level with

and without supplementation of limiting essential amino acids
Average values with st. error (6 animals/group)
(Diets D, E, F, G and H) on growth and P.E.R.

Body weight : X Protein
Ho. of ; Weight Food Protein
Diets : , : _ _ ffici

oy Initial Final gain intake =atuke i o
D 6 3843+0.63 3T«34117 ~0:7+1.18 96.8+3.88 9074038 =0,0840,22
F 6 37342.01 70.041.78 32.6 +1.33 126.348.38 12.640.84 2.65%0.22
G 6 3T7543.0 91.046.3 53654439 ~ 154.348.T4 150440.79 3045+0.11
b 6 3752274 764044.55 38454395  126.044.89 12.640.49 2.1940,19

D, Values
5% level 1% level
*Weight gain in (g.) 11.73 14.52
¥Protein efficiency ;
ratio 0.79 Ve

¥Difference between any two averages, if greater than D. values, is significant.



\//// Table VI

Effect of feeding cowpea protein and tur dhal protein diets with and without
supplementation of the limiting essential amino acids (Diets
D, B, ¥y, G and H) on Red cell concentration

(R.B.C. in_millions/hms—iverage values)

Food b Wi
Piets gminale i?zfl)“ 0 1 2 3 - 4 5% 6 i
D B o s GnEe s TUle e lr Sr . TEt. . g
E 6 2.9 6.88 7.08 7.07 7+15 To74 776  T.74 T+84
¥ & S KOS a6 728 TSV, . TBE 788’ 7,89 7495
G § - o545 689 e T3 TS, BBY . . TSE . 7585 766
E 6 &5 . T84 TS J.35 T3 TS . WS - ToTR 748

* Methionine added to diet D; Tryptophane added to diet E
Methionine with held from diet G 3 Truptophane with held from diet H.

@ Tryptophane added to diet D ; Methionine added to diet E
Tryptophane with held from diet G ; Methionine with held from diet H.

$ Methionine and tryptophane added to diets D and E
Methionine and tryptophane with held from diets G and H.



\///// Table VII

Effect of the diets (Diets D, E, F, G and H) on Plasma Protein concentration®
Values in g./‘iOO ml.

Diets Body weight of Plasma protein

animals (g.) T ==
2 177 5.8 5
E 66,0 5.5 _ 2
E. 8= 6.0 | 6.4
a 1502 ' 6.2 6.2
3 T 6.0 507

# Average of six animals
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Effect of feeding cowpearprotein and turdhal protein diets with and without supplementation of the
limiting essential amino acids (Diets D,E,F,G and H) on haemoglobin concentration

Table VIII

(Haemoglobin in g./100 ml.—-fverage values)

Food Weeks
ete enianis 1?;?5:’ 0 1 2 3 4 5w ée 7
D 6 55 14.5 14.3 14.3 14.1 14.1 14.2 141 14.8
B 6 269 14.7 = It 13,0 13.6 14.6 14.6 140 - 145
F 6 4.5 14.1 14.4 147 153 15.6 15.6 15T 15.8
G 6 55 14.5 147 15.8 15.8 15.9 15.0 153 14.2
H 6 4.5 14.4 14.7 1523 154 15.6 14.5 13T 13.1

® Methiornine added to diet D ; Tryptophane added to diet E
Methionine withcheld from diet G ; Tryptophane withcheld from diet H

@ Tryptophane added to diet D ; Methionine added %o diet E
Tryptophane withzheld from diet G ; Methionine with”held from diet H

£ Methionine and tryptophane added to diet D and E
Methiénine and tryptophane withheld from diets G and H.



‘//// Table IX

Effect of diets (Diets D, E, F, G and H) on nitrogen balance in rats and biological values
(Average Values)E

Diet D Values *

D B F G H 5% level 1% level

Weight in (g«) 37«T¢ 3454  T70.0&  91.02  76.0¢ -
001? 2004 1.78 6-30 4g55

Body surface area cm> 110.6& 104.04 160.4+ 187.2¢ 168.1%
| 2.08  4.15  2.45  7.83  5.98

Nitrogen balance 24414 20.4+ 83.8+ 91e14 56¢94
mg. /day 3267 ie 5.08 -~ 9.0T Aadb Bub6 e
Hitrag&n balance 21.6+ 1894 4784 49,04 3514 :
ng./100 cm? body surface2,07 4.08 5,82 337 W 16.88 20.88
Percent retention 44404 35«04 799+ 758+ 65+74
3.68  4.87 A e R 17.93
Biological value 40,16+ 35,69+ 83.2T+ 81.42+¢ TT.321

£ Average values (six animale per group) with standard error.
# Differences between any two averages,if greater than D values,is signfficant.



- ‘ Table X
Effect of diets D, E, ¥, G and H on liver fat and liver protein contentsof animals

(Average* values with standard error)

Diet . D Vglues*¥*
D - BiS9ss,. s B G H 56 level 1% level
Body
Weight in (g.) « TTeT&: 66404 8Te3+ 199.3+ 173+
Fiesh weight of liver 3468+ 4.21% 4.T9% Se81+  5.54+
0.1 3 0.29 0028 2 0.39 ‘ 0.50
Liver protein in % 11.74%  T.66+ 13.72+ 12,57+ 10.81% 3425 4,02
fresh basis 110 0.27 0.54 032 0.52
Liver fat in fresh 6o 46+ 4.94+ 3.54+ 25T+ 2.69+ Syl 4.42
basis 1.52 0.26 = 0.32 0.19 0.18

* Average values (6 animals per group) with standard error.

#% Difference 4¥ between any two average, if greater than D values ig significant.



Table XI

Recovery of rats maintained on diets 4, B, and C from Phenylhygrazine
anaemia (Mean values of body weight in gm., R.B.C, in mill/mm
and Hb in gw/100 ml with standard error).

Diet

No. of
animals

Days on experiment.

0 4

e

12

16

20

24

weight
R.B.C

152485 -
6.9540e2 4+8130.09
14.940,06 10.50.47

1594941
54614042

12.440.28

6.5140.11

12,840,17

6465+0.04
13,520, 40

159482
6.8740.05
14.340.23

6.94+0.05
14640420

weight
E‘BOCO
Kb.

152:903 d
6.720.09 4.8630.07
15.540.1 10.140.23

15648.6
544240,02
12.240.26

6.4240,07
13.540.14

6.5240.05
18.640,30

135495
6.7840.06
14.030.31

6.53+0.08
14.440.14

weight
R.B.C.
Hb.

1544845 -
6.6440,15 4.8040.04
15.240.14 9.7040.24

1584841
5¢38+0.08
11.340.48

6. 32:_00 09
18.140.25

-—

6.7240,12
14.320.25

159477
6.5140.07
14540, 19




Effect of the five diets (Diets D, E, ¥, G and H) on the body weight and rate of

Table XII

geganaration of

red cell and haemoglobin - summarised Table.(Body weight in g., F.B.C. in mill./mm and haemoglobin

in g./100 ml.<average values with Standard error).

Diets

aggﬁaig

Food

Days after injection

e

intake(g) 0 4 8 12 17 20 25

Body wt. 6 5e24+ 119410,6 116+10.4 11449.1 11146.9 11327.7 11546.7 11546.3
Red cell Q9% 7.4540.32  3.7140,10 447940.10  5,8940.82 6.8440.17  7.0240.22  7.4840.13
Haemoglobin 14,640.22 9.840,24 12.540,26 13.740.29 14.7+0.28 14.240.29 14.240.14
Body wt. 6 5.0+ 117+14.0 114412.6 114#12.2 1114115 114+12,5 118412.0 117211.4
Red cell s 746540431 3.3740.25 445940, 11 5.89+0.09 6.8440,21 6.8240,19 702940,11
Haemoglobin 14.740.45 9.140.57 11,740, 30 13.140.19 14.740,35 14.240.24 13.640.27
Body wt. 6 6.2+ 118417.4 119£17.1 125420, 1 13041847 132419.7 134418.6 139419.2
H&'mﬂgl@biﬂ 1308:0021 801_";').57 1203:0026 15.9_‘!:0¢29 15'5:0041 1501i0028 13.8_4.:0.38
Body wt., 6 58+ 116415.3 115#14.8 115413.5 117412.9 122413,0 128412, 3 130412.2
Red cell 0.35 6.8040.41 3.8340.38 4.,6240.53 5.9640.45 6.6040,43% 649940,52 T45940.49
Haemoglobin 13.520.46 9+640.44 11.840,.68 13.940.44 14.140,61 13.940.41 14.340,59
Body wt. 6 645+ 1144445 119+12.9 119412,0 124411.9 125210,9 130410,0 133210.4
Red cell Gank 745140.23  3.6640.19 4.8140.21  6.2040,26 7.1540.35  7.2440.13 7,6440,21

14.240.54 9940, 30 12,940.44 14.140.43 14120, 41 13.440.37 14.540.37

-'

——— e




ILIVER, Note the hepatic cells
showing vacuolar degeneration

of cytoplasm,
Haematoxylin and Fosin x 200,

Plate 1.

Plate 2, LIVER, Showing numerous
scattered hepato megalocyte
Haematoxylin & Fosin x 100,




Plate 2 a.

. LIVER, Note the numerous
hepatomegalocytes with few

||cells in stages of mitosis.

. [laematoxylin and Posin x 250,

KIDNEY, Note the normal
histological structures
Haematoxylin and Tosinx100,

SPLEEN, Note the normal
histological structures
laematoxylin and Posin x 100,




