
EVALUATION OF THE NUTRITIVE VALUES OF

PULSE PROTEINS

WITH AND WITHOUT SUPPLEMENTATION

OF AMINO ACIDS

THESIS

SUBMITTED TO

yBit4T.t AI^ICtTLTBRAIi 13HZYSRSXZT
IN FULFILMENT OF THE REQUIREMENTS

FOR

the degree of doctor of philosophy
(FACULTY veterinary;

NUTRITION laboratory

COLLEGE OF VETERINARY AND ANIMAL SCIENCES

KERALA agricultural UNIVERSITY
mannuthy trichur

CTQbeR; 1975, E. SIVARAMAN, B. V. Sc., M. Sc.



• T

ACKNO¥LEDGE^^ENT -

'♦C

Hie author le Indebted to:

Dr, C.T.Peter, B.So., B.V.Sc., H.Sc., Ph.D., formerly

Dean, College of Veterlnaxy and Animal Sciences, Kerala

A^xdcultural University, Mannuthy for permission to work

in the Nutaritlon Laboratory.

Dr. P.G.Nalr, 6.Sc., B.V.Sc., M.Sc., Ph.D..presently

Dean, College of Veterinary and Animal Sciences, Kerala

Agricultural University, Mannuthy for the help and good irlll
extended towards the successful completion of the work.

Dr. K.Chandra Menon, C.M.V.C., B.V.Sc., M.Sc., Ph.D.,

Professor of Animal Husbandry (Petlred), College of
Veterinary and Animal -Sciences, Mannuthy under whose
guidance this Investigation was carried out.

Dr. P.U.Surendran, M.A., Ph.D., Professor of

Statistics for statistical analyses of the results.

Shrl. (J.Gopinathan Nalr, Artist Photographer of
the College for taking the mlcrophotographs.

The Indian Council of Agricultural Research New Delhi,
for the award of a senior fellowship.

€0

49



C0RTENT8

INTROPtJCTION
Page Wo

1-U6

Protein combinations •• ••

Amino acid supplementation of proteins

Food proteins and their nutritive values

Animal proteins ••

Vegetable proteins «« ••

PRESFNT INVESTIGATION

Pynamic equilibrium of body proteins 2

Aisay methods based on specific physiological
functions

' t

9

12

13

23

experimental

materials

Diets

Animals

METHODS

• •

« •

* •

• •

• •

Estimation of essential amino acids
in pulse proteins by paper chromatograpby

Estimation of haemoglobin

Estimation of enzymes ..

Estimation of liver glycogen

• *

« «

• «

52-76

52-

52

56

57

57

€0

69

69



results •' '* 77-279

discussion •• 2BO-3O6

SUMM/VNY •• •• 307-315

references •• 316-336

appendix

« X ««■»



:'"TKt.;>UCTX'OiV

Prot*tu» p-'^/ni liaffical funotlona*

iftnjt knovn OKam^Jat baJnf th* roapirat-^rr piqpaaata. blo»<l

and ausdd haa'^vtiKiobta* anruat albumin and globulin which

cagulata iha prcssura of blood ami th« body flulda

and flhrlnogaB and psm^tbronbin roaponsiblo foy blood elotting.

A fractlf*! of blood protoJn which "1» Vnown to have vitally

iMdorthut r\wCtlon« to perform la the globulin which la

Vnowrt to ba the praouraor of the lumttto bodlea of tha blood*

daaycic' Ia diyeatlon and meioboliau* hormonea in mctahollo

prooeae»'»» malnnln In ■'•■ ''- .c and to oonjugato

proteins in ..-iPoteina porforw
iwtrobuctiok

varieci .-iHftd • . . . In addition to

thoao oi'dl|iyi3 ru;:rvi. '.iji, f '"'-'.'in® pi;rrom also the general

Chnctlon 44^ providing energy* Thla (tfultiplloity of functlona

la rof'^^dtod In a c^rroapondlng diversity of ohemlcal oompo*

altlon add protein nutrition la dependent upon the eupply

;Pf the eaitjortntont of aaiine nclde required for the ayntheale

of, the wide vorlety of bodily conatituenta*

I'x^eina are in the firet plaeo eomponente of ail

•iillmrcl tiaauodr inelu<ling oeii aubatanoea and inter eellulnr
?tildaia !'*• Weil aa of aupportlujij and protedlMVe at*vot«ree»

•  V am cartiiaaOl akin* hair and nalla. 'All enaymee that

he*' .>c» an far leolatbd tn higMy Khirlfled and jwell chora-
otarj ' i' / '^rm and eevarai noremnea have boon ehovn to bo ^

Ws^rc-P'. ' - ' naonre* Various Rbtibodioe aatilbSt the pmpertle#



'/fj
■  ,^llj

-  '' i od fMii
^ ' INTRODUCTION

^ li-tlc

Proteins subsexnre many physiological functions * .

long known examples being the respiratory pigments* blood .

and muscle haemoglobin* serum albumin and globulin which

regulate the osmotic pressure of blood and the body fluids

and flbrinogen and prothrombln responsible for blood clotting.

A fraction of blood protein which IS 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.^

gnzymes In digestion and metabolism* hormones In metabolic :

processes* melanin In pigment formation and to conjugate -jfiforet

proteins in detoxlcating machanlsra* the proteins perform ;

vazd.ed 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 nutrition Is dependent upon the supply

of the assortment of amlno acids required for the synthesis

of the wide variety of bodily constituents.

proteins are in the first place components of all

animal tissues* Including cell suhstances and Inter cellular

fluids* ae well as of supporting and protective structurea,

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

have been so far Isolated in highly purified and well chara

cterised form and several hormones have been ehown to be

protelnous In nature. Various antibodies exhibit the properties
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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 EQTJTLIBRIUM OF BODY PROTEINS

The unique functions in the animal body performed by

the amino acids arising from protein digestion are all ana

bolic in nature. According to Whipple (19^0) and Schoenheimer-

(19'»2) the animal must bo 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

found valid for another grnup of body proteins (Chow et al. ,

I9U8, 1950 and All^s'on, 19^9). While 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 Hutgers 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,

fit is obvlouB that the nutritive value of food proteins should
be necessarily assessed In terms of epeelflc physiological

funetiona*
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ASSAY METHODS BASDD ON SPECIFIC PHYSIOLOGICAL FUNCTIONS
b

(l) Liver protein Regeneration

This method of evaluation of the nutritive value of

a dietary^ protein was first developed by Caunpbell and

Kosterlits (19^8) 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 days and the rate of

regeneration of liver pxH>tein varies with the quality of the

test protein fed to the animals. This method was sli^tly

modified by Henry ̂  (1961 ) who 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 of the nutritive value. The main

criticism levelled against this method is that the liver

may not reflect the state of other labile proteins. Further,

the method demands several determinations on the excised

liver of highly standardised animals.

(2) Rat rep3«»*-l"n method

During the course of investigation on the relationship
of protein metabolism to antibody production and resistance

to infection, Cannon, Humphreys, Wisaler and Fraxier (19'»*»)
devised a fairly rapid method of protein assay. The metho
involves the production of * biological deficit an
meaeurement of the replacement value of a test protein,

method has the advantage that variation in protein quality
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can be determined in one or two weeks. According to Cannon

(19^5} the method has shown exeellent agreement with the

rat growth assay. Vissler ̂  al. (19^7) 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 blood protein

and therefore, in a relatively short period much larger increase

in protein than that found in normal growth can be measured.

It has found 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,

haemolyein, haemoglobin, liver protein and total carcass

protein. In determining the nutritive values of five dietary

proteins, via,, whole egg, egg white, lactalbumin, casein and

^heat gluten as well as hydrolysates of the two proteins,

casein and lactalbumin. Chow ̂  al. (19^8)i however, failed

to observe any co-relation between the commonly used methods

of measurements, such as growth and nitrogen balance and those

based on liver protein and plasma protein regeneration.

(3) Begeneratlon of plasma protein and.haemoglobin

Whipple and his co-workers (19^0) used doubly depleted
dogs produced by bleeding during periods of feeding proteln-

freo diet or low-protein diet containing adequate iron.
to

Plasma protein was reduced^ ̂  to 5 and haemoglobin to

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

»1
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blood proteins was eirpressed as the ratio between blood

proteins regenerated and protein intake, ^ploying this

technique several investigators have clearly established

quantitative (Stargiss and Parrar, 1935 and Horn and Vhipple»

1939) end qualitative differences (Orten and Orten* 19^6)

Allison e^ al. , 19'*9l Halman et al« . 193^1 Pomneranke,

Slavln» Karicher and Vhipple, 1935j McNaught, 193^1 Melnlck

and Cowgill, 19371 Madden et^ al.» 1937 and Cox and Muller,

^^kk) 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.

Oamodaran and co*vorkers (Yesoda, 19^2, 19^51

Damodaran and Vijayaraghavan» 19^31 Yesoda and Daa30daran«

19^7 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 amlno

acids in blood formation. These authors have shown that

dietary protein* their quality and quantity, profoundly

influence haematopoeais. Ihe methods of approach of Vhipple

and Damodaran and their respective co-workers are similar,

sanely in producing the defieiency of the specific protein

involved in the study, although they differ in the technique

employed in producing the deficiencyi haemorrhage in the

former case and chemical destruction in the latter. The food

materials used for oomparison were not chemically so well
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defined in the experiments of 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•

(U) Regeneration of liver enzymes

Vaino at (1953) have reported that the activities

of certain enzyme 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 was developed by

Litwacic et al. (1953). OJn et al. (1957) dMcribedi a the use .

of the liver xanthine oxidase activity tests for determining

the biological value of milk proteins. Relationship between

the nutritive value of dietary protein and liver xanthine

oxidase activity in young rats as related to growth rate and

protein efficiency rates was Inveotigated by Maramatsu et al,

(1962), Plgmore et al, (1955) studied the response of the

jiver enxymes and other protelna to amino acid deficient diets

found that hlstidine deficient diet restores xanthine

oxidase activity to livers of rats previously depleted of such

activity by a non.proteln diet. Liver succinic dohydrogenase

T
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l0 similarly restored by histidine-yree and methionine-rree

rations* bat only partially so by lysins free rations. Liver

eholine oxidase activity of protein depleted rats is restored

partially and to about the same extent by the three astino

acid deficient diets studied. Liver nitrogen concentration

followed the same pattern as succinic dehydrogenase in these

studies. Williams (19^3) reported that even in severe protein

depletioni methionine has a protective effect on liver eoenzymes.

Marian! et al« (19^3) studied the effect of protein depletion

on amino acid activating enaymes of rat liver and reported

that the activities of the ensymes are considerably increased

in the depleted rats and are not affected by variation in

energy intake. Sugahara et al. (I9d3) found a relation between

xanthlne oxidase in liver and growth of rats when fifteen

food proteins were compared. Hie closest relation between

xantline oxidase and protein quality was obtained with diet

containing 15«6 or 20^ protein. Xanthlne oxidase in rat

liver was almost parallel to the protein score of the diet

ewii is believed to refleet the nutritive value of food proteins.

PRQTEIW COMBINATIONS

The primary purpose of a dietary protein is to

provide an appropriate pattern of amino acids required for

the synthesie of tissue protein. In actual practice* no

3
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fllngle food staff is consumed exclusively as the sole

artiele of diet* Rations and diets are devised in practical
9

nutrition using: 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 o^n utilisation of the

individual proteins (Swaminathan* I9671 Bressani and Ellas*

19681 Guggenheim and Szmelcman* 196?! Hanafy et aa.> 1970

and Makdani £i* » 1970* 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 discri

mination, the Individuality of the component food proteins

as regards metabolic utilisation may be lost* In a sense *

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 com germ

protein, but hli^or in digestibility. In diets, wheat germ

protein may thus pmve to be a more desirable protein* The

heating of cereal protein in the preparation of foods may be

A matter of no consequenoe in practical nutrition, if only

the biological value is Impaired, because when consumed with
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usual proportion of nilk proteins this impairment is

entirely corrected. But if the digestibility la impaired

as in the flaking and toasting of com there is no known

method of food combination that will remedy the situation.

AMIKO ACXP STn>PLEWEWTATI0y OP PROTBINS

An important development in the field of nutrttion

has been the practice of supplementing the poor quality

proteins with 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 ratst pi^s and on the chicks to a lesser

extentf^on the comparative biological values of feeds and

feed combinations» it has been established that feeds of

animal 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 valued. Certain animal

tissues such as connective tissue and epidermal tissues are

ef 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

sasds are deficient in cystine and methionine. Oabome and

Mendel (iqiii) reported that lyslue is the limiting amino add

in wheat proteins and that addition of lysina results in
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marked improvement in the quality of the proteins for

promoting growth. It hae been reported that the addition

of eesential amino acids like lysine and threonine greatly

improves the nutritive value of rice pz^teins (Peeora and

Hundley, 1951| Harper et , 19551 Deshpande ̂  , 1955*

Sure, 1995l Rosenbery and Culik, 1957i Rosenberg et al*.

1959 and beaai ̂  » 1970), The combination produced a

growth response in rats three tlmee that obtained with

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

It was found that when rice was supplemented with all the

deficient essential amino acids simultaneously, the growth

response is more than that obtained by supplements of lysine

and threonine. The results 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 acld^ in amounts needed to bring

the total into balance with the amount available of the second

limiting amino acid^; if it ie desired to supplement also with

the second limiting amino acid^ it is brought into balance

with the third limiting amino acid (Waddle, 1958). This

appiva®^ has been found to be nutritionally sound and

economically imperative.
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Hie effect of amlno acid suppleoientatlon on growth

and deposition of fat in the liver of rats was studied by-

Harper jet (1955)» They found that fat aecumulated to

the extent of 8 to 10-^ in the liveiyof rats fed rice diets.

The fat content of liver was normal when of L-lyeine

hydrochloride was included with either 0.2U^ or 0.5^ of

DL-threonine. Growth was improved only when both lysine

and threonlne were included in the zdce 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 p.

proteins supported an excellent growth rate and maintained

normal liver fat level..in rats. In short term experiments*

retardation in growth caused by including lysine hydro-

chloride in the rice diets was prevented by increasing the

levels of leucine* isoleucine* valine and histidine.

Hosenberg (195?) stated that the nutritive value of protein

of white polished rice can be improved by supplementation

with the first limiting 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

amlno acid. Numerous rat feeding studies demonstrate that

lysihd la the most limiting amino acid in a wide variety

of other oereal grains and the protein quality of such cereals
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ean b« Impro-ved by lyslne fortlfieatlon (Hosw« ̂  al. »

19651 Bressani and Silas* 19^7t Lesla^^,» 1965 and 'n

Narayanaswamy, 1970)» a- moot

1' •- J'V

FOOD PROTEINS AND THEm mJTRITIVE VALBBS

Since all plant^ and animal tissues contain protein*

it is evident that all such foods will provide protein in

a measure dependant 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 sun in the process. On the other hand* the animal

body cannot synthesise protein 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 conversion of plant protein into such proteins as are

presented in milk* egg and meat. Plants, therefore, are

the primazy sources of all food pi^telns and of all animal

feed proteins.

Nutritionists often recommend that from ̂ 3 to ̂ 2

of the total dietary protein should be derived from high

quality animal proteins. The superiority of animal proteins
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orer vegetable proteins is mainly attributed to the

presence in them in large amounts of such essential amino

acids 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

putJc protein in plemt tissues is always comprised of

several different proteins.

' MS

1 • ANIMAL PROTEINS .i ta

Meat proteins I " '

• -f

The amount of proteins in raamtnalian muscle tissue

irrespective of species, ranges between 12.1 per cent and

21.9 per cent on the fresh weight basis and 73*7 per cent

and 88.1 per cent on dry weight basis (Beach, Munks and

Robinson, 19^3). 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

US.U per cent in brain and 7^*^ per cent in kidney on dry

weight basis (Beach et al., 19^3). The protein content

ef chicken meat is found to vary from 20.1 per cent to 30.6

per cent on fresh weight basis. Bight to fourtesn per cent

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

ic nature (Beach ̂  fli* t 19^3).
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Awino acid compoaltlon
--- - J. T. ^

Itie proteins In representative cuts of edible meat

sueb as beef» veal ( lamb and pork contain liberal amounts

of the essential amlno acids In similar proportions (Beach

et al. f '•943 «md Krayblll, 1948), The proteins In beef a

orgrans like brain» liver and kidney are similar in composi

tion ( but differ from muscle protein in being poorer In

lyslne and richer In cystinei tryptophane and phenylalanlne

(Beach et al,• 1943). Heat proteins resemble fish proteins

in amlno acid composition and hence these can replace each

other without affecting the overall nutritive value of the

protein (Beach ̂  al.» 1943), When compared with egg

proteins( meat proteins are higher In histldine and lyslne

but lower in leuclne« isoleuolne* valine and methionine

(Kraybllli 1948). Meat proteins contain larger amounts of

arglnine, histldine* lyslne and methionine and lesser

amounts of leuclne* isoleuolne and vallne than milk proteins

(Krayblllp 1948), As a class* meat proteins are rich sources

of lyslne and methionine.

Nutritive values

Meat proteins are almost completely digestible
.  ' * , f u

(Mitchell and Block* 1946). The growth promoting values

of the proteins in chicken and beef compare favourably with

those of fish proteins (MlHors and Fellers, 1948). Beef

3>
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proteins are i'ound to be Inferior in nutritive value to

Bgg albumin or whole egg protelne but are superior to

Caselnt wheat gluten or groundnut proteins as Judged by

growth and maintenance in rats (Ruegainer« Poling and

Lockhart, 1950 and Mitchell and Beadles^ 1950).

Although the biological value of meat proteins is

not as high as that of egg proteinst meat proteins are par

ticularly well suited to supplement the proteins derived

from cereals and other vegetable proteins* The supple

mentary Value of meat px*oteins to pea proteins* egg proteins

and cereal proteins has been demonstrated by Lebreri Voods

and Beeson (19^7) and Hoagland* Bills* Haukins and Snider

(19^*7)* 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 amlno 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 hi^ as 77

per cent (Forbes and Yohe* 1955)*

The two proteins of connective tissues viz* *

Collagen and elastin are deficient in essential amlno aoids*

excepting arginine and lysine in collagen and phenylalanine*

leucine, isoleucine and valine in ex elastin* Gelatin is

a rich source of lysine and arginine* but dtfleient in most
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eesentlal amino aoids particularly histidinet 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 lysinei 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,

raethionine and tryptophane.

2. Milk proteins:

The protein content of cow's milk is 3.0 to 3.^^

per cent while the same of buffalo's milk, ewe's milk and

goat's milk are 3.^ to ^1.2 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 (villiamson, Block and Boiling, 19UU

and Hodson Bt al., ̂ 9^6), They are particularly rich in .

the two amino acids, lysine and valine in which cereal t f
pC—

proteins are generally low» Casein is deficient in eystine.

Lactalbumin is rich in this amino acid and to some extent

compensates for its deficiency in casein.

yB*lactoglobulin, whey proteins and buttermilk

proteins are all well balanced with respect to all the

essential amino acids* ̂  -lactoglobulin is particularly rich

in lysine (stokes et al., 19^5) Block and Mitchell, 19^6

and Block and Boiling, 195l)* 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 eystine content than cow's milk protein*

Kutritivc values

Cow's milk proteins possess ^ high digestibility,
biological value, and growth promoting value (Sundararajan,
1950 and Balasubramaniam, Lily, Manl and Basu, 1955)- Hn*
they are Inferior in these respects to whole egg proteins
(Mitchell and Carman, 1926( Suraner and Murlln, 1938 and
Sumner, 1938). In infant nutrition, cow's milk proteins
are almost equal to human milk proteins. (Oordhan, Levins,
Wheatly and Marples, 1937 ^nd Muli.r and Cox, 19^7). Vhi-lB
the biological value and digestibility of buffalo's milk
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and of goat* 8 milk^are nearly of the same order as those

of proteins of cow* s milk, the growth promoting value of

goat*8 milk proteins is comparatively lower (Mitra and

Mitra» 19U2). For promoting growth in rats* casein is

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

but is inferior to egg albumin.

Milk pz^teins have been found to supplement ragi ^

proteins cmd rice proteins* both by themselves, and ip

combination with legume proteins (Swaminathan* 1937 a»b)*

As supplsment to rice protein* milk proteins are superior

to pulso proteins (Mitra and Varma* 19^7)» Milk proteins

also supplement proteins of legumes (Sasu and Haldar, 1939

of potato (Henry and Kon, 19^6^of com and of wheat (sure*
19U8). Irtiey proteins supplement cereal proteins in general

and wheat proteins in particular (Bell Si' » ^95^ W

Bleoker and Wostraann, 1954), 'supplementary relationships

have also been demonstrated between butter milk proteins

(Sure, 1948) and com or wheat proteins and between cheese

proteins and wheat proteins (Henry and Kon, 1946).
••• ■> >

Bgg proteins!

The protein content of whole egg on an average Is
12 per cent'^resh weight basis and 35 P*r csnt on dry weight
basis. The egg white contains five proteinsi ovalbumln
(75 per cent), ovomucold (13 cent), ovomucln (7 per «•«*).
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^Toeonalbuaiin (3 per cent) and cvoi^loballn (2 per cent)

(Romonoff and Romanofft 19^9)* egg yolk proteins* ..

ovovitellln and ovollvetin are present In Ui1 ratio,

(Romanoff and Romanoff* 19^9). f.oet

Amlno acid eoropoaition

Hie amino acid composition of whole egg* egg white*

egg yolk and of some of the constituent proteins have been

worked out by several investigators (Chibnall et al., 19^31

Block and Boiling* 194^1 stokes e£ al*t 19^5t Dunn. 19^7>

Hess e.t gi,, 19U8 and Patwardhan and Vijayaraghavan* 195'>)*

The whole egg proteins are well balanced with respect to

all the essential amino acids and are particularly rich

in arginine and sulphur containing amino acids (Block and

Boiling, 19U4). Egg white proteins are richer than egg

yolk proteins and whole egg proteins in sulphur containing

amino acids, tryptophane, phenylalanine and threonine but

not in the basic amino acids (Hess, Kramke, Fritz and

Howard, I9i»8). Whole egg white protein and its principal

constituent ovalbumin, are reported to be rich in mettaionins,

while the maior yolk protein, ovovltellin, is reported to

be rich in arginine, lyelno and leuclne (Romanoff and

Romanoff, 19^9).

shile

.  - .,r. -r-ftw- ..,g^ i«i distlaetiveiy

m

■|i" -
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Mutiritlve valqga " > ■ ■ v.

Metabolism experiments with rats and human beings

have conclusively shown that whole egg protein and egg

albumin possess hl^ digestibility (Havleyi Murlin# Nasset

and Zytnanskif and Mitchell and Beadlesi 1950)t Heat

treatment is reported to bring about an improvement in the

in vitro digestibility of egg white protein^ (Harte, 19^5)«

}  Their digestibility in vivo oven in the raw state is of a

hiid^ order (Narasinga Rao and Patwardhan. 195^)* Whole egg

proteins possess a higher biological value than the proteins

of milk (Mitchell and Carman, 1926j Sumner, 1938| Hoagland

and Snider, 19^^(5 and Mitchell and Beadles, 1950)» meat
«

(w'tcheH and Carman, 1926 and Hoagland and Snider, 19^6),

Soyabean (Barnes et al., 19^5 )t groundnut (Ruegraer,

Poling end Lock hart, 1950) and wheat (Mitchell and Carman,

^9Zkt Barnes et al.t 19^5 and Mitchell and Beadles, 1950).

7  Similarly egg _|diite-^p_rpt.^iia-possess a higher nutritive

value than whole egg proteins or yolk proteins (Hess et al.,

19*18). The superiority of whole egg proteins over a number

of other dietary proteins Including milk proteins in human

nutrition has been demonstrated but the superiority

ot 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 Murlln, 1938). While

with the growing or adult rats, egg albumin Is distinctively
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superior to whole 9gg proteins» human metabolism studies

have revealed a sli^t superiority of whole egg proteins

over egg albumin* These reverse effects have been attrl«
.  - i •"

buted to the higher content in egg albumin of the sulphur
V.

»  I

containing amino acids in greater proportions for hair

^owth*

The gross supplementary value of who^e egg* egg

yolk and egg yolk extracts to the poor rice diet has been

demonstrated but not that of egg white (Aykroyd and Krishnan,

1937)» Whole eggs have been reported to possess a phenomenal

supplementary value to the typical rural diet of Bengal

(MacDonald and Boss, 19*»2, 19^5). Soyabean, groundnut and

vaidous legumes have been found to give better results when

fed in ««k combination with egg than when fed along < . f

(MacDonald and Bose, 19^5).

IK ah nroteins

pish 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 Ouha, t9*»0( Saha and Ghosh, 19^1
and Reay et al., ̂ 9^^)/or marine fish from 9.1 per cent to

26.1 per cent (Reay, Cutting and Sherwan, 19^3). ot 'Koral'

meal a® high as 93 per cent (Basu and Gupta, 1939) ot
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edible white fieh flour ae high as 89 per cent

World Fish Abstract, 1952). From 7.5 per cent to t7^f per

cent of total nitrogen of most varieties of fish is contri

buted by non proteln^^constituenta (Joshl, Master and Magar,

1953).

Amino acid composition

In general, fish protein contains all the essential

amino adds in adequate amounts and in balanced proportions

(Block and Boiling, I951) and in this respect resembles other

proteins of animal origin (Master and Magar, 195^*^^ and Dunn,

Camien, Biduson and Malin, 19^^). As a class, fish proteins

are valuable sources of lysine and methlonine (Beach ̂  d.,

19^3^ Block and Boiling, 1951 and Master and Magar, 195^).

The histidine content of fish protein is hi^ly variable,

being higher than 5 cent (Nielands, Simy, Sohljell,

Strong and Elvehjem, 19^9) in some varieties and lower than

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

Nutritive values

Fish proteins are reported to possess dgh digesti

bility, biological value and growth promoting value (Basu

and I>c, 193s and Basu and Gupta, 1939). Biological values

of the proteins in different species of Indian fish are

uniformly hl^ (Basu and Gupta, 1939 and Joshi, Master aiid
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Ma^art 1953)* Fish can replace chicken, pork» beef, lamb

or veal ae eouroe of animal protein in human diet (Beach,

Munks and Robinson, 19^3)*

Fish proteins are in the same class as chicken

proteins (bepos-Matas and Fellers, 19218 and Millers and

Fellers* 192»8). They are inferior to whole egrg protein

(Sure and Easterling, 1952) but slightly superior to be6f

proteins (Beveridge, 192^7). Fish proteins are about equal

to casein (Deuel* Hrubetz* Johnston, Vlnsler, Geiger and

Schnakengerg, ^9h6) in promoting plasma protein regeneration

in depleted rats and are slightly superior to casein and

skin milk proteins (Mahalanobis and Roy, 1952) in promoting

haemoglobin regeneration.

VEGETABLB PROTEINS

From a nutritional point of view, vegetable proteins,

as a class, are generally inferior to animal proteins in

many respects. Although the difference In biological value

for maintenance between vegetable and animal proteins is

not great, the growth promoting values (P.E.R.) of vegetable

protsins, in most cases, are less than half of those of

animal proteins such as those present In egg, milk, meat

or Absence of essential amino acids, especially of
methlonlne, trypOtophane, and lysino makes the vegetable
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proteins generally inferior to most animal proteins#

But eridences are there to shov that tvo 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 (Kuppusvami et aa. , 1938). The

experiments of Mendel and Fine (1912) conducted on dogs

and human beings show that the proteins of wheats barley

and com are as digestible per se« as those of meet ie»,

93 to 9^ por cent. Proteins of soyabean, navy bean# and

garden pea are resistant to proteolysiSf giving digestion

coefficients of 80 to 85 per cent. The proteins of cotton

seed are even more refractive to digestion* yielding coeffi

cients of only 67 to 75 per cent. The resistance of legume

proteins to dlge^stion in animal may be explained, wholly

or in part, by_their association with antlensymes. Aqueous

extracts of soyabeans ̂ nd navy~beMi^contaln heat labile
trypsin inhibii^lng substances which seem to bo responsible

for the low digestibility of the protein of raw soyabeans

(Ham et ai- 1 19'»3)-

Cereal proteinsi

Rice is the staple cereal coneumed by more than

half the world* s population and la the chief source of

calorlea in Asiatic diets (Williams, 1952l West, 19^9 and

Hla^teru Hltsuda and Kyoden Yasumota, 197^)# In the ease

Of coarse g« grains, as also in the case of those grains

<  t

I
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from whlcb the eeed coat cannot be easily removed, the

digestibility of protein is of low order (Subramaniam,

Karayana Rao, Rama Rao and Swaminathan, 1955).

pT^tein content Ivt.ti^ai

Both the protein content and protein quality in

different cereals are influenced by a number of factors,

aueh as those determined by genetics (Voodworth, Leug, and

Jugenheimer, 1952)^ environment (Mitchell, Hamilton and

Beadles, 1952| Hutchlnson and Martin, 1955* and Prey, 1952)

and variety (Sadasivan, Sreenlvasan, 1938* Sreenivasan, 19^2

and Flynn ̂  al,, 195^), A hybrid tetraploid sample of rice

has been reported to contain as a much as 13.3 per cent

protein (sampath and Seshu, 1957). By ciop selection, a

millet has been produced in China which contains over lU

per cent protein instead of the usual 9 P®** cent. Adolf

and Sampath and Seshu (195?) have shown that rice

varieties having long sterile lemna (^glumes) have higher
protein contents (9.'* to 11.3 per cent) as compared with

rice with short sterile lemna (6.5 to 8,7 per cent).

MeCarrison (1928) observed that rice grown by dry crop

method is superior in nutritive value to rice raced as a

wot crop. On the other hand, Sreenlvasann and Sadasivan

(19U2) have reported that dry cultivated 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 (Triticuni 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) foii'hd a biological

value of 66 and digestibility of 93 per cent in rats at 5

per cent level. Basu (^9h6) has reported figures of

blologiual value and digestible coefficient as 53 and 77

respectively for one human subject and 60 and 81 respectively

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

proteins does not differ greatly from that of rice protein

so far as h the human subject is concerned. In rats* on

the other hand, there seems to be some difference in favour

of rice, it may be mentioned that the biological values

of jowar, bajra and ragi proteins compare favourably with

rice protein in the balance sheet method (Acharya* Niyogi

and Patwardhan, 19^2). The results of the growth method

show that they are inferior to both rice and wheat proteins

(Swaminathan, 1937 d, e).

•  ' ■ . Ml' V-.vfMi r:.". ■* cm; t

protrtins (chlok, 19^2|
.  . I ^

flgymfoski, sohula
n"'. *

Mitcheil »V:d headles, 1950). »loa
.vu..

V .
\
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Amfnn add compoaltlon
19

The aralno acid composition of the proteins of

rice, vheat, ragi, Jowar, barley, oats, com and of the

prodtxcts of their milling has been extensively investi-^

gated (Kik, 19^"'I Csonka, 19^11 Baumgarten, Mather and

Stone« 19^6| Balasubramanlam et al.« 1952| Jansen, 19^2

and Hove ̂  Si*» ''9^5)* Rice, Wheat and com proteins

are all deficient in lysine (Mitchell et a^., 1932*

Kik, I9U0 and Balasubramaniam al,, 1952), In

addition, rice protein is deficient in threonine

(Pecora and Hundley, 1951) and vheat protein in valine

(Sure, 1952), Com protein is deficient in tryptophane

(Csonka, 1939) and also in threonine and methionine

(Sure, 1953), Com gluten meal is reported to be

dftfioient in arginine, lysine and tryptophane (Crau,

1^k6)» The marked amino acid Imbalance of sein is due

to the presence of glutamie acid, leucine, alanine,

proline and phenyl alanine in relatively large amounts

(Groschke, Anderson, and Brlggs, 19^8),

Hutritive values

Bxtensive investigations have been carried out

on the nutritive value>of cereal proteins (Chick, 19^2|

Hawl«y» Hurlin, Hasset and Szymanski, 19^8* Schuls and

Thomas, 19*19 and Mitchell and Beadles, 1950). Rice
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proteins possess a far higgler growth promoting value

than wheat proteins (Sure* 19^6t 19^7) and also hl^er

biological value them 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 (Patwardhan, I961). Using the balance sheet

method at 5 pc cent protein level and rats as experi

mental animals* Swamlnathan (1937) reported for rice

protein a biological value of 80, Similar figures for

polished and parboiled rice are given by Basu amd Basak

(1937) and Acharya* Niyogi and Patwardhscn (19^2). Hltra

and Vazmia (19^8) found a blologioal value of 67 for rice

in a dist containing ndarly 20 oz« or more rice and

approximately 3 to U oz, of pulses per day and this

value is identical with that obtained by Basu* Basak and

Oe (19^1). Balasubramaniam* Ramachandran* Vlswanatha

and De (1952) have determined essential amino acids in

proteins of rice and of some other cereals* While tiie

proteins of * Anian* rice promotes good growth in rats

(Basu and Basak* 1937) and are highly digestible (Basu

and Muksrjl* 1936) the proteins of 'Aus* rics do not

possess any growth promoting value (Basu and Basak, 1937)
and their digestibility ia 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

(jenneslcen, 19691 Daniel et , 1968, 1969* 1970i - -

De ai. si*' 1969)^ wheat gluten (Chang et al. » »

Qxa.7t 1963 and Somonde and Hogsted, 1973) rive . i

(Chick, 19571 Rosenberg at al., 19591 Desai et al., ' l

1970 and Bressani et ̂ ., I97l)^barley (Munck, 1966)

and com (Narayanasvami ̂  » 1970).

fliipplementarv value

Several workers have studied the effect of

supplementation or enrichment of different cereals

(Hegeted and Worcester, 19^7* Balliete, Decaprio and

Sevrin^aus, 1950| Westejpman, Roach and Stone, 1952|

and Westerman, Oliver and May, 195^)- Both defatted

com germ and wheat germ effectively improve the

nutritive value of wheat flour (Balliettes Decaprio and

SevrinfiSiaus, 1950). Com germ protein is. however, infe
rior to wheat germ protein in its supplementary value

to wheat proteins (Hove, Carpenter and Harrel, 19^5).
Proteins of milled rice have been reported to possess

an excellent supplementary value to the proteins of

milled wheat flour and milled white com meal (Sure,

1953). Buck:wheat (Fagopyrum esculentum) proteins have
basn found to supplement the proteins of wheat, com and

-*■
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rye (Sure* 1955}» Mitra and his associates (19^8) in

their human raetabolisra studies have found that replace

ment of part of wheat in poor vegetarian diets by barley,

com, ragi or bajra brings about ah improvement in the

overall biological value of the proteins in the coraal

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 (Sure, t955). Effect of supple

mentation of rice with limiting essential amino aeids

hav» ̂ ®an studied by several workers (Harper, 1955l

Deshpande, 1955i Howe al., 196? and Daniel et al.,

1970)« Important cereal by-products like the germ,

and polishings are of greater value in human and animal

feeding. Commercial wheat germ has an average protein

content of 29 pev cent and this is used in bread making

(Growe* and Leclore, 19^5 and MoCollum, 19^5)* llie

high biological value of wheat germ protein is not

impaired by such heat processing as is necessary to tea

"ake it suitable for human consumption (Hove and Harrel,

'9'^3), Its protein efficiency ratio Is less than that

of CSE (Claxk, Hooper and McCord, 1955), equal to that

of skim milk powder and higher than that of casein
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(jone9 and Vidne8S» 19^^)* Rice Germ protein Is reported

to possess a bigli biological Talue and it supports

proteins ot polished rice (Kite, 195^)* According to

Kite (19^2) the proteins of rice polishing and rice bran

possess higgler biological values but lower digestibility

coefficients than the proteins of milled ^ce. Vhile

the growth promoting value of the proteins of rice poli-
of

shing is of the same order as that^the whole 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 mM: support growth in rats (Basu and Basak, 1937)*

Pulse protelne*

The edible leguminous seeds provide an outstanding

source of dietary protein to man and animals* more espe

cially to those who can not afford the costly animal

foods or have been forbidden from eating flesh, fish

or egg by religions taboos. Practically everywhere

leguminous plants render direct service to man and animals

by supplying avallsl^io complementary foods and by playing

a major role in improving soil fertility. Proteins of

i^gustinous seeds provide certain eeaentlal amino acids in
which cereal proteins are deficient. Consequently thay

enhance the overall nutritive values of proteins in a
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inlx«<i di©^ (Phansalkar and Patwardhan, I956). When
included in the processed foods they help to improve

the palatabillty by masking the flavour of the other

constituents. Extensive Investigations have been

carried out in India (Venkata Rao ̂  al., 196^) on the

nutritive value'>of legume proteins and today it is possible

to lay down diet schedules based on blends of legumes

and cereals as vould meet fairly adequately the protein

requirementbof the body.

Protein content

The protein content of most of the legume seeds

falls vithin the range of 20 to 30 per cent except agathi

seeds (Sesbania grandiflora) which contain 68 per cent

protein (Subramaniam, Lekshminarayana Rao and Srinivasan,

1952) and lupin seeds (Luoinue luteus) which contain 79

per cent protein (Lugg and Veller, 19^^). Breseani (1970)

found Variation in the protein content of phaseolus

vulgaris varieties from central America. Wild intedible

legume seeds contain 18 to U7 per cent protein (Pant and

Biehnoi, 1967 and Pant ̂  al, , I968). The proteins of

legumes are chiefly globulins with certain amounts of

albumins in a few cases. The albumin of peas differSs

from the globulins in having a higher content of
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tryptophan« and lyslna (Danlelsaon and Lisa, 1952« *.ily

Smith ̂  al* ♦ ^959l Povrie, 196I and Altachul ̂  al» t
^966), Protein fractions called vicilin and legumine

have been isolated from peas (Danielsson, 1950). Similar

protein components are reported in Jh different legume

species (Danielsson, 19^9). Legumelin 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. Osbome and Campbell (1897) Isolated three

distn^ot globulins from cowpea, namely, vignin, Phaseolin

and solubxe globulin. Bell and Young (1970) prepared a

pea (Pianm satlvum) protein concentrate containing 60

per cent protein and Jaffe and Banning (19^5) and Seidl

et al» t (1969) isolated a globulin fraction from black

bean (Phaseolus Bulgaria). Cajanin and conoajanin are

the two important globulins in tur dhal (Sundaram ̂  ,

1929}.

■Aaii^no acid cf>«wpn«ition

The aiiiino acid composition of the proteins of

different legumes has been worked out (Block and Veiss,
1956; KuppuBwaray et t 1958» Patwardhan and Ramachandran,

I96O1 King, i9$Z| jmd Venkat Rao et jy.. , 19^^) an<l
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indicate that pula* p^telns are generally

gdbd sources of lyslne (Baptist* 195** find Van Btten et al. >

1967). In general* methionine Is the major limiting amino

acid in legume proteins (Kunltz* 19**6 and Jaffee* 1950)*

Tandon et al.(1957) found that soil significantly altered

both yield and rlboflavln content of kidney beans but the

content of nitrogen, methionine* lysine, tryptophane,

nlaoin and thiamine was not found to be affected by soil

fertility differences. Bressani ̂  fil« (19<50) 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

^PhaseoiuH vulgaris) is reported to bring down its

methionine content further (Solfor, 1952). White sweet

lupin (Luninus albus) proteins have been reported to

contain 2,6 per cent methionine which is rather exceptional

for a legume protein (Nehrlng and Schwerdtfeger, 195t).
When the limiting amino acid methionine is added to the

diet* the biological value of legume proteins, in general

is known to improve (Jaffe, 19**9. 1950| Esh and Som, 1952

and Hlrwe and Magar, 1953)- Alaska field pea protein

becomes superior in nutritive value to casein when

euppl®»«nted with methionine (Woods, Beeeon and Bolln,19^3
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and Lehrer ̂  ai.» 19^7). Woods Bt (19^3) and''" '

Lehrer and asaociatas (19'»7} found that th« protatn ^

efflclancy was doubled and dally gain'was tripled when

alaalca field beeoi either cooked or raw wa# supplemented

with 0.3 per cent methionine, Ihe proteins of split

peast lentils (Lens cullnaris) and red gram (Ca.lanus

ca.lan) do not produce good growth even when supplemented

with methionine (Jaffsi 19^9). Supplementation with other

amino acids like tryptephane or threonine is also ineffec-

tive» but in the presence of methionlne» txyptophane and/or

threonine the nutritive value is enhanced ̂ Jaffe^ 19^9 and

Braham ̂  * 19^5)* Maximum improvement has been obtained

in the case of bengal gram and lentils with a combination

of methionine* tzyptophane and threonine* raising the
dind>

protein efficiency ratio from t*3 to 2.3* 0*7 to 2.6

respectively. Kffect of methionine was to improve the

pattern of essential amino acids but no effect on protein

digestibility has been reported (Bressani ̂  al.* 1963).

Methionine present in bengal gram is reported (Russel*

Taylor* Mehihef and Hlrseh* 19^6) to be more rapidly

available to the rat than that present in certain varieties

of peas* lifma beans (Phaseolus lunatus) and snap beans

(phaseoli*^ vulgaris).
• . • n" 1

..r hl«h srder
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Next to metbionine, eyatine IK ttnbthezt g'etieral

deficiency in legume proteins. However, the proteins^

of bengal gram, lupin seeds, lentils, and string beans '

(pbaseolus vulgaris) are reported to contain fair amounts

of cystlne. the availability of cystine varies among

different legumes.

Another amino acid that is found- generally limiting

In legume proteins Is tryptophane (Jaffe, 19^9 and Baptist,

195^). The proteins of red gram are particularly very

low in tryptophane (Jaffe, 19^9» 195° and Vijayaraghavan

and Srlnivasan, 1953). The availability of tryptophane

from legume piTotein is reported to be high except in the

case of red gram protein (Esh and Som, 1953)* Besides

the general deficiency of these essential amino acids

certain specific deficiences of essential amino acids

in particular legumes have been reported like pbenyl
alanine in horse bean (Mohon and Common, 1950),threonlne

in horse beans," (Mohon and Common, 1950)^ subterranean
clover seeds (Holmes, 1953) and bengal gram (Glral and

Echegoyen, 19^9} and vallne in peas (Holmes, 1953).

Nutritive values ''

Th« protein, of legume., e. a ola.., ara not well
balenco i„ respect of all the .aaantlal amlne aeld. and.

in genaral, thalr biologloal walnaa are not of nigh order
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CaXeluta pantothenate

Nieotlnie acid

Aaeorblo acid

Biotln

Folic acid

p-aminobenqolc acid

Inosltol

Q^.tocopheryl acetate
Vitamin

Chollne chloride

Vitamin A

Vitamin D.

.jtjh t t.i

60 mg*

too mg.

200 mg.

»e«4l

y

Ored up >' ■ 4 mg.

10 mg*

UOO mg.

800 mg.

100 mg.

150 /ie*

2  g.

5000 U.S.P. Units

500 U.S.P. Units

In all the experiments! food and water were prowlded

to the animals ^ libitum and dally food intakes were recorded.

Proteins t

Preparation of casein

Casein was prepared from skimmed milk powder

aocording to the prodedure described by Cohn and Hendry

(1932) as described belowt

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 stirring till the pH was h,6, The preoipitate
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was allowed to settle overnight smd 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 reached 6.3. Local excess of alkali was

carefully avoided during the addition of the alkali. The

sodium caseinate solution was filtered throu^ 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. Vhen the washings were free from chloride, the

protein was again pressed free from most of the water. The

wet pz*oduct when dried with acetone weighed nearly one kg.

and contained about 12 to 15 per cent moisture.

^rsparation of pulse proteins

The two pulse proteins required for incorporation
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in the diets were prepared from Ca.lanus ca.lan (Tur dhal)

Vigna cat.lang (Cowpea) flour respectively by extraction

with 3.5 pez> 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 t

Cowpea (vlgna cat.lang) and tur dhal (Ca.lanus ca.lan)

required for the study were purchased locally, air dried,

.e)  pulverised in a wiely mill and stored in desiccators. For
i

purpose of incorporation in diets (Diets D, E, H, X, J, K,

P and Q), each flour was autoclaved at 15 lbs. pressure for

30 minutes.

Starch*

Com starch used in the preparation of diets wad '

obtained from Messrs. Vora Brothers, Bombay.

ri riTiT*'. woAjfbt

Amino acids» r . ,

The araino acids (b-Methionine euid L-Tryptophane)

used foi* incorporation in the diets (Diets F, Q, H and X)
C

were the products of B. Mei^k, Germany. •>. - ri

"  i o. r
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Animals

Albino rats ot the college stock colony formed the

subjects for the study. In the first series of experiments

50 young rats welding on an average 53 g* were used, the

animuls being distributed into five groups of 10 animals

each. In the second series of experiments Uo young rats

weighing on an average 53 S* were employed, the animals being

di8tx*lbuted into four groups of 10 animals each. In the

third series of experiments ZU rats weighing on an average

As 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

M, K, O, p and Q respectively. The animals were kept for

breeding by leaving the females with the males for 2 weeks 1

males of proved fertility being Interchanged between females

every alternate day. The criteria used for reproduction of

female rats werei (1) number of animals that gave birth to

young, (2) number of young bom per rat and (3) average weight

of young at birth. The criteria for lactation weret

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

weaning weight of young.

Hats were always distributed into groups as evenly as

possible in regard to weii^t and sex. In all series of
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experiments exempt in those emplored for reproduction and

lactation studies* the animals were boused in individual

cages with raised screen bottoms* Por reproduction and

lactation studies 3 female rats were maintained in a cage*

Pxpez^mental animals were weij^ed once a week* Red

blood cell and haemoglobin concentrations were estimated at

weekly intervals* Plasma proteini liver and serum enzyme

activity, liver fat and liver protein content, and internal

organ weights were determined at the end of the kth. week of

experimentation when the animals were sacrificet)*

In the first and second series of experiments, nitrogsn

balance was determined during the last h days of experiment.

Carmine was used as faeces marker and thymol emd sulphuric

acid as urine preservatives* Duplicate samples of faeces

and urine were analysed for nitrogen. Urine and faecal

samples collected during the metabolism trials were analysed

by conventional methods (a*O.A*C, i960).

METHODS

I. Estimation of essential amino acids in the pulse proteins

by oaoer chromatoirraDhy

Preparation of hydrolysatei

The samples (300 mg. each of cowpea flour and oow^ea

protein and 253*5 mg* of tur dhal flour and 1^6.6 mg. of

. \
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tur dhal protein) in duplicate were hydrolysed with 12 ml.

of 6 N. HCL for 2h hours at 105® C in sealed test tubes.

After hydrolysist excess acid was removed by repeated

evaporation and the hydrolysates wore made upto 5 with

10^ isopropyl alcohol as preservative. These hydrolysates

were used for analysing the essential aroino acids except

tryptophane by paper chromatography (Hanumantha Rao and

Subrahmaniam. 197^).

«

Chromatographic analyses and solvent system

The made up solution was analysed chromatographically

using one dimensional descending technique. Trtiatraan No.1

filter papers washed thoroughly with N/lOO hydrochloric acid

and water and later dried, were used for chromatographic runs

The solvent system used was Butanolt acetic acidt water

(UiliS).

Chromatographic grade Whatman No.1 filter paper was

cut into 9" X 22.S" size. A pencil lino was drawn across

the paper 3" from one end of the paper, after showing the

direction marked on the box. Ten ̂ 1 of cowpea flour, 5 «1

of cowpea protein and %0 /Jl of tur dhal flour and tur dhal

protein hydrolysates were spotted on the line at 1.5" apart

along with the standard amino acid aoldtion made from pure

amino acids, using microplpettee. The sample impregnated

paper was hung in the air tight chromatographic 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. Ihe

solvent was added to the trough throu^ the opening in the

lid and closed air ti^t. The chromatograras were run for

18 hours. The papers were air dried and the chromatograms

were run for a second time with fresh solvent. The papers

were air dried and uniformly sprayed with ninhydrin

solution in 95^6 acetone. After drying the chromatograms were

kept at 65^0 for 30 minutes for full colour development. The

colour bands were cut out and the colour eluted with 5 ml* 9^

75«t ethyl alcohol containing 0,2 rag, of copper sulphate by

equilibrating the cut bands with this solvent for 30 minutes.

Care was taken to avoid contamination of paper daring h&oidling.

The colour Intensity of the extracts was determined using

♦spectaronic 20' at 5^0 njw. The amino acid concentration in
the hydrolysates were calculated using the values for standards,

II, Estimation of blood values

Blood samples for the determination of red cell and

haemoglobin were obtained by snipping the tail of the rats,

blood pelli cell counts wore made using the

iopx^wed NeubaHr counting chamber with 1 in 200 dilution of ̂

blood Using Uayem*s solution as the diluting fluid.
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(2) Bstlmatlon of haemoglobin

An acid haematin repeatedly checked against samples

of bloodi the haemoglobin content of which had been obtained

by the method of Wong (Wong, 1928) was used as the standard

for haemoglobin determinations.

A

Standard acid haematin solutiont

A large sample of ox blood was collected in an

oxalated bottle and the haemoglobin concentration was

calculated from the estimation of iron 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 lU.2^A, 21,2 ml,

were diluted to 100 ml. with 0.1 N. hydrochloric acid. The

3^ solution thQs obtained was well mixed and kept in a

refrigerator. Prom this stock solutiont the comparison

' standard was prepared every week by diluting 2,5 inl*

100 ml. with 0.1 N, hydrochloric acid, making an acid

haematin solution equivalent to 0.075^ haemoglobin.

Proceduret

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 -r

compared in a 'Spectronic 20* with the standard solution > ,

prepared as above.

- , - Readincr of the unknown ^ 100 . .10calculation. Reading of standard °-°75 JOO

■ g. of haemoglobin/I00 ml. of bloodf

Vong'8 method {Vong. 1928)

Prlnciplei

Ihe 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 colorlmetrleally» in

the filtrate by thiocyanate reaction.

Proceduret

0.5 ml. of blood was transferred accurately with a

micro-pipette into a 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

wsre added. After mix)fing and diluting to about 25 ml. with

distilled water 2 ml. of 10^ sodium tungstate solution wsre

added. After coolingt 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 aoid» 2 ml. of saturated potassium

persulphate solution and 2*5 ml* of standard iron solutloni

containing 0*1 rag. 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 blankjif

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 « ob 100 _ 1,Calculation! Reading of standard * * 0,5 57^

t  « g. of haemoglobin per 100 ml. of blood.

Hie value 1/3.1) represents the fact that

1 g. of haemoglobin contains 3*1) mg* of iron. If this factor

is omitted in the calculation 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

glass stoppered bottle* Undissolved excess settles and
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compensates for loss by decomposition.
'  ■ I J 1" >. C V

3 N. potassium thiooynate - 1U,6 g. of potassium

thioeynate 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

crystalline ferrous ammonium sulphate (Mohr's salt) were

weigd^ed out accurately and dissolved in about 50 ml. of

distilled water. To this solution, 20 ml*, of a 10^i iron

free sulphuric acid were added and diluted to a litre.

Saeh ml. of this solution would contain 0.1 mg. of iron.

(3) Estimation of plasma protein

Blood samples for estimation of plasma protein were

withdrawn by heart puncture into citrated tubes. Plasma

protein was estimated by KJeldahl method (N x 6,25). ^

Kon-protein nitrogen was not estimated.

III. Estimation of enzymes ' :■ at

Preparation of tissue homogenate
I

Bach liver sample was homogenised in a potter-BlvehJem
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glass homogeniser with 10 to 20 times its volume of ice

cold physiological saline* filtered through k layers of

muslin cloth* filtrate collected in labelled test tubes - .«)r

and preserved in the freezing chamber of a refrigerator* jtairLe

(1 ) Glutamicoxaloacetic transminase activity in liver -

Method as cited by Bergmeyer (1965)

Principle

GOT catalyses the reaction}

L*Glutamate Oxaloacetate ̂  ̂  L-aspartate 4 -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 product of oxaloacetate* is determined

speotrophotometrically in alkaline solution* Some of the

oxaloacetate decarboxylates spontaneously to pyruvate* The

assay mixture therefore contains oxaloacetate* pyruvate and

oxoglutarate* all of which fotro 2*4-dlnltropheMyi

hydrasones with absorption maxim at different wave lengths.

Measurement is made at a wave length higher than the wave

length of its maximum absorption since this allows the

greatest differentiation between the optical densities of

the three hydrazones*

.v"' I r?. of WotBme

I.*iivea I'ljr '5*2 wt* ^<"->-.'^:'genete



- 65 -

Reagents

(1) Substrate buffer solution (0.1 M phosphate

buffer, pH 7.^» 0.1 M. L-aeparate, 2 x lO'^M o^-oxoglutarate)»

Dissolved 1.50 g. KgHPO^^, 0.20 g. KH^POi^, O.030 g./-oxoglutaric
acid and 1.32 g. L-aapartic acid in less than 100 ml. of

water. Adjusted the pH to 7.^ with 0»k N sodium hydroxide

solution and diluted to 100 ml.

(li) Ketono reagent (10"^M 2,*t-dinitrophenyl hydrazine)i

Dissolved 20 mg. of 2,U-dinltrophenyl hydrazine in 1 N

hydjrochlorie acid and made up to 100 ml.

(iii) Sodium hydroxide (O.U N)i Dissolved 16 g. of

sodium hydroxide in water and made dp to 1000 ml.

(iv) Sodium pyruvate (2 x 10"^m): Dissolved 22 mg. of
sodium pyruvate in water and made up to 100 ml.

Procedure

Experimental and blank tubes were prepared as followst

Experimental

1 ml. of substrate buffer
solution

Blank

1 ml. of substrate buffer
solution

0.2 ml. homogenate. Mixed
hy inversion and Incubated Did not incubate
for exactly .60 minutes

Added 1 ml. of ketone reagent 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*

Nixed into the experimental and blank tubes* 10 ml. each of

O.U N sodium hydroxide solution. After 5 minutes the optical

density of the experimental solution was read against the

blank in a Bausch and Lomb 'Spectronie 20* colorimeter at

5^6 m^. A standard curve was prepared with values given

in table (Bergmeyer* I965) and unknown values were read

from the curve (Fig. l)«

Optical density Units

0.020 8

O.O^lO 16

0.060 2*1

0,080 32

0.100 *i0

0.120 *19

0,1*10 59

0. 160 71

0.180 83

0.200 100

0.220 118

0. 2*10 1*10

0.260 167

(2) Glutamic-pvruvic transaminaae activitv in liver •
Method cited bv Bergmeyer (1965)

Principle

alutamate pyruvate transaminase catalyses the
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reaction:

L-glutamate + pyruvate ̂  ^ L-alanine +ij(--oxoglutarate.
31ie activity of the transaminase ie measured by the increase

of pyruvate with time. After a fixed time, the pyruvate

formed from L-alanine and ,^oxoglutarate is determined

coloriraetrically by treating the a.^^-dinitrophenyl hydrazone

With alkali* The residual o^oxoglutarate also floras a

dinitrophenyl hydpasone but its absorption maxinum in

alkaline solution is different from that of the pyruvate

hydraxone* Measurements are made between 500 and 550 mu

instead of at wave length of maximum absorption of the

pyruvate hydrazone*

Reagentn

(i) Substrate buffer solution (0.1 M phosphate,

pH ?.*•» 0.2 M DL-alanine, 2 x 10"^M/-oxoglutaric acid)#

Dissolved 1.50 g, of K^PO|^, 0,020 g, of KH^PO^, 0.030 g,

of -oxoglutaric acid and 1,78 g, of DL-alanlne in water.

Adjusted the pH to 7»'* o^d made up the volume to 100 ml*

(ii) Ketone reagent (lO'^M 2,^-dinitrophenyl hydraBine)t

Dissolved 20 mg. of 2,^-dinitrophenyl hydraaine in 1 K

hydrochloric acid and made up to 100 ml,

(ill) Sodium hydroxide (O.U N)i Dissolved I6 g. sodium

hydroxide in water and made up to 1000 ml.
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(iv) Sodium pyruvato (2 x Dissolved 22 mg.

of sodium pyinivate in water and made up to 100 ml*

Procedure

Experimental and blank tubes were prepared as

followst

Experimental Blank

1, ml. of substrate buffer 1 ml. of substrate buffer
solution solution

+

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 ml. of homogenate

Allowed to stand for 20 minutes at room temperature. Added

10 ml. of O.U 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

• Spectronic 20* colorimeter at 5^6 ndpwtr A standard curve was

prepared with values given in table (Bergmeyer, 19^5) end

unknown values were read from the curve (Fig. 2).
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Optical donaltv GPT units
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IV. Batlmation of liver glveogen

Method of Oaer (I96l1

. f ^ 1

^00 ^ gio •/ Slueoso,

Principle

The tissue is hydrolysed by potassium hydroxide and

the glycogen is precipitated by ethanol. The precipitate

is separated by centri-fcugation, hydrolysed by sulphuric aoid,
and then neutralised. A sulphuric acid medium of enthrone

z*«egent, causes dehydration of the sugar to a furfural deri

vative vhich then presumably condenses with anthrone to form

a blue coloured compound.
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Reagents oocftvianvlly ^ *ti«Atr«

(l) Potassium hydroxide (SO'SC)''^* *l*ofco> to
•  it in a hmlliftfr

(ii)Ethanol (955^)
b-^' nii; takss to

(til) Ethanol (60^)

(iv) Sulphuric acid (951^)

(v) Ahthrone solution (0.2^ in 95*^ sulphuric acid)t

0,2 e* of anthrono was disolved in 100 ml, of 95*^ sulphurtc

acid. Prepared fresh before use,

(vi) Standard glucose aolutioni 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 ̂  g. of glucose.

(vil) Sulphurle acid (2 N)

(viil) Sodium hydroxide (l K)

Procedure

Xmmediately after removal from the animal* approxi

mately 1 g. of liver was dropped into a previously weighed

test tube containing 3 ml. of 3056 potassium hydroxide solution.

The tube with contents was weighed again. The liver tissue

vaa then digested by heating for 20 minutes in a boiling
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vatet* bath* agitating the solution occasionally to ensure

thorou^ dls^lntegratlon. Added 7 ml, of 95^ alcohol to

the tubet 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 hours, Centrlfuged, decanted

and discarded the supernatant liquid. Drained and washed

the precipitate twice with 5 ml* portions of alcohol by

centrlfugingf decanting and draining as before, Expelled

the last traces of alcohol by Immersing 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 nl* of the suspension Into a clean

test tubSf and added 5 ml, of 2 N sulphuric acid to It,

Heated the tube In a boiling water bath for J to k 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^g. and 5 ml, of distilled water were taken

in three separate tubes, Vhlle submerged In water* Introduced

10 ml, of enthrone 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 *Spectronlc 20*

colorimeter at 620 after setting the instxaiinent to zero

with the blank.

Calculationt

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

n  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
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Percentage composition of dietg

Table 1

nret eeriee of experiments

Diets
Covpea
floor

Tor dhal

flour
Casein Com stareb Sucrose

Hydrogenated *Salt
vegetable oil Mixture

A 51.0 - - 22.0 17.0 5.0 5.0

B - h9,0 • 2*t.O 17.0 5.0 5.0 t

-si

C • - 10.0 63.0 17.0 5.0 5.0
1

D 51.0 - - 22.0 17.0 5.0 5.0

S - s - . .»?• *19.0 .  .. 2*t.O 17.0 5.0 5.0

♦  Steenbock and Nelson salt mixture No.^0 + 0.03^ CuSO^^t ^"2^
(steenbock and Nelson* 1923$ Pearson* Glvebjem and Hart* 1937)

-1 ^ ■  -1 'T. f: •

f?a 1 i in,-'-

>. • *t«<l

n, I



Percentage composition of dleta

Table 2

Second aeriea of experimenta

Diets Cowpea flour
■ Tur dhal

flour
Com starch Sucrose

Hydrogenated
vegetable oil

•Salt

Mixture

FO 51.0 • 22.0 17.0 5.0 5.0

G*
- ^9.0 2^.0 17.0 5.0 5.0

H* 51.0 . - 22.0 17.0 5-0 5.0

> ^»9.o Zh.O 17.0 5.0 5.0

I

-q

I

•q
'Vr

* Steenbock and Nelson salt mixture No.UO « 0«03^ CuSO^* 5H^0 (steeribock and
Nelson, 1923; Pearson, Elvehjem and Hart, 1937)*

• Diet P + 500 mg. of DL-Methionine + I'fO mg. of L-Tryptopbane
. Diet H ♦ 500 rag. of L-Methionine + lUO rag. of L-Tryptophane

t Diet 0 + 510 rag. of L-Methionlne + ISO mg. of L-Tryptophane
Diet I ♦ 510 mg. of L-Methlonine + ISO rag. of L-Tryptophsme

L-Methionine and L~Tryptophane in the diets P, G, n and I were incorporated
in such lUBOunts as were essential to meet optimuni requirements (Rose,1937;
Block & Boiling,195^1 Patwardhan and Rainachandran,1960 and Nonaka et al. .1961 ),



Percentage <»iapoaition of diets

Table 3

Third eerles of ekperjnteaita

Mete Cowpea Tbr dhal . Com Hydrogena- *gaitjPionr flonr Casein "T™ Sucrose ted vege^isolate isolate starch table oil Mixture

^  70.0 : 3*0 . ^
\

^  ■ - 7°'® \ 3-9 - - 1«.i 5.0 3.0

^  • • - •• I8o0 60.0 12.0 5.0 5.0 ^

Steenbock and Nelson salt nixtare i!o»hO ♦ 0.03^ CuSO^, SH^O
(Steenbock and Nelson* t923l Pearson * Elvehjeoi and Hart, 1937).



Percentage composition of diets

Table U

Third series of experiments (Reproduction and lactation studies)

Diets
Covpea
flour

Cowpea
protein
isolate

Thur dhal

flour

Thur dhal

protein
isolate

Casein
Com

starch
Sucrose

Hydrogens,
ted vege.

table oil

*Salt

Naxture

H 70.0 3.0 - • • • 17.0 5.0 5.0

N - - 70.0 3.9 - -
16.1 5.0 5.0

0 - - - -
1S.0 60.0 12.0 5.0 5-0

P 70.0 3.0 -
- - - 17.0 5.0 5-0

Q m 70.0 3.9 • - 16.1 5.0 5.0

Ov

*  Steenbock and Kelson salt mixture No,40 + 0.03'^ CuSO^# CSH^O
(Steenbock and Kelson, 1923; Pearson, Elvehjem and Hart, 1937)»
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%rAnft««nin«B* and f<v .• ov i r. tr«nli«ailn«#4» Ia
RESULTS

rt OT-'itl '.vt'-f ■•. •,. licad

:  Th« 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 respectivelyi

each at 10^ protein level are presented 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 lU» The results of nitrogen balance studies are

presented in tables 15 to 19 and data on di'gestibility

coefficients of dry matter, Carbohydrate, protein and fat

in Tables 20 to Zh,

The results indicated are summarised in Tables 25 to
28 and statistically analysed in Tables 29 to yk. Data on

red blood cell, haemoglobin and plasma protein concentrations

are detailed in Tables 35 to ^5 and summarised in Tables

and k7« Statistical analyses of these results are presented
in Tables h9 to 50.

Tables 51 to 55 show data on glutamio*oxalo acetic



transaminase and glutamie-pyrurlc trcmsaminasa laTels In

serum and liver samples obtained from rats sacrificed

after 28 days on the respective diets. Tlie results are

sunnnarised 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 Table 6l and summarised in Table

62. Statistical analyses 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 6k 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
of

a period^28 days are given in Tables 82 to 86. The results

are sumraarised in Table 87 and statistically analysed in

Table^SS and 89. Data on weight of pancreas^ of the

animals fed the respective diets are given in Tables 90 to

9^. The summarised"data are given in Table 95. Table 96

shows the results of statistical analyses.

.j
M

I

P,
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In figures 3 and 5 to 9 are represented results on k

growth rateI 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 h groups of

animals maintained on different diets (Diets P, O, H and l)

are presented in Tables 97 to 100 and summarised in Table

11 Total weight gain, total food consumed and the protein

efficiency sialues obtained during the course of the study

are presented in Tables 101 to 10^^ and summarised in Table

11^. 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 1l6 respectively. The above results are

statistically analysed in Tables 11? 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 13^^

to 136.

Data on liver and serum enzymes and liver glycogen

contents are set out in Tables 137 to I'll, summarised in

Tables ̂ k2 and 1U3 respectively and statistically analysed

in Tables lUh to IU8.



86—

Values for liver fat and liver protein coneentra-

tions of rate fed the teet diets are given in Tables 1^9

to 152* summarised in 1^ble 153 end statistically analysed

in Tables 15*^ And '55.

Veigfats of liver* spleen kidney and heart of animals

fed the different diets are given in Tables 15^ to 159*

These values are summarised in Table 160 and statistically

analysed in Tables l6l to l6k.

Data on oeacal weights of animals scarificed at the

end of the experimental period of 23 days are set out in

Tables I65 to I68, summarised in Table 169 and statistically

analysed in Tables 170 and 17I. Data on weight of pancreaso

of animals fed the test diets are given in Tables 172 to 175>

summarised in Table 17^ and statistical analysts given in

Table 177»

Growth rate* body weight gain* protein efficiency

values* per cent nitrogen rotgntion* liver protein and liver

fat contents are graphically represented in Figures h to 9

respectively.

..-..i 'TO miMibers ef

th •• I, .-rTW^J-Ttal iAondltions Oif

Uu: mental reglrtes being the essentially the saM.

The di'"''■(iNffioss in effecttvewess or tho diets were se««n«^sd-
r ■'r 1'

fp

I  ■ ; rill r . . K, 1 t >'-1 Iri.iii'i'j
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THIRD SEniES OF EXPERIMBWTS ^ . t^r

Data showing the weekly weight gain of aninala

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 Tables 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 19^ 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 Tables 196

to 200 and arer,summarised in Table 201.

Statistical analyses of the results

Test diets were given to sufficient number of animals

so that the results could be analysed by following the method

for the analysis of one way classification, the numbers of

animals fed each diet and the environmental conditions of

the sxperimental regimes being thb essentially the same.

The differences in effectiveness of the diets were compared



« ̂ 2

by computing critical difference where the expression for

critical difference is t^ x /2 x B • In this expression
r  J . I

« the critical value of Students t at the appropriate

level of significance, r = the number of replication of a

diet and B is the mean error sum of squares in the corres

ponding emalysls 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 help of the respective

Mean Error sum of squares. In cases where there wSReno

»  *

significant differences between variances, Student's t was

used to compare one diet in one series of experiment with any

diet in another series of experiment. Where the variances

I  t

were found to be significantly different, Cooh^ran's t was

employed to test significant differences between diets belong

ing to two groups{Snedecor, 195^)*
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t.

c

o o
•  •

AO C
if\ ^ ^ tr jf

o o o o o
•  • 9 ' 9 • 9

» N h- p
VN 'trt "ic 5

!  i
4»

*

f7-.



FIRST SERIES OF EXPBBIMEKTS

Table 5

Body velgfat in g, of animals receiving diets containing Cowpea and Tur dhal» raw and

autoclaved, at 10^ protein level on nitrogen basis

Diet A

Veeks

Bat No.

a 1 2 3 1*

1 50.0 50.0 51.0 52.0 51*. 0

2 *t3.0 1*1.0 1*1,0 ItO.O 1*0.0

3 58,0 58.0 59.0 58.0 56.0

h 58.0 55.0 52.0 55.0 55.0

/  5 50.0 5O.0 1*9.0 51.0 5l*.0

/  « 1*8.0 5O.0 50.0 52.0 52.0

/  7 52.0 5O.0 52.0 55.0 56.0

8 57.0 su.o 56.0 57.0 60.0

9 60.0 58.0 58.0 60,0 65.0

to 58-0 56.0 59.0 —" - 60.0 62.0

Average e 53.1* 52.2 52.7 51*.0 55-1*
Standard + + -+ . .. ... . + +

Enror 1-77 1 .62 1T76 1.86 2.1I*

00

w



*..h

a:

Table 6

Diet B

1

Rat Ifo*
0 1 2 3 h

1 53.0 50.0 50.0 *19.0 *19.0

2 55.0 5^.0 5^.0 50.0 51.0

3 kk.O hl,0 *11.0 *10.0 *10.0

k 5^.0 52.0 50,0 *19.0 *19.0

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 6l .0 6*1,0

8 57.0 52.0 55.0 5*1.0 5*1.0

9 5^.0 52.0 5*1.o 56.0 60.0

10 50.0 52.0 52.0 53.0 55.0

Average c
Standard

Error

53.2
*

1.35

52.0

1.^5
52.9

1.^6

52.9

2.52

5*1.0
♦

2.22

CD
tf



Table 2

Diet C

Weeks

Rat No*
0 1 2

1 ^Q*0 *18,0 55-0

2 s'f-o 59.0 65-0

3
• 6,3*0 69.0 78*0

H 60*0 67.0 79.0

5 57.0 75.0 97-0

6 5^.0 67.0 80,0

7 56.0 72.0 37.0

8 50,0 6*t*0 8*t*,0

9 *t9.0 65*0 85.0

10 50.0 66*0 92.0

Average c

Standard

53-3
+

2.05

65.2

2*32

80,2
'♦ •

3.91

57.0 67.0

71.0 80*0

87.0 93.0

88*0 98*0

103.0 IIU.O

0
*

ec
ec

97.0

93.0 97.0

92*0 99.0

99.0 118.0

99.0 109.0

87.7 97.2
- -•+ ♦

^♦^'2 U.8I

00
\A



Table 8

Diet D

Rat Iffo.
Veeks

•  ■

0
• 1 ; 2 3 4

'  " f ■ - 58.0 63.0 69.0 73.0 83.0

2 5^.6 63.0 74.0 80.O 87.0

3 5^.0 60.0 71.0 86.0 92.0

k 65.0 71.0 86,0 97.0 102.0

5 55.0 61.0 67.0 79.0 89.0

6 57.0 6h.O 65.0 70.0 78.0

7 *13.0 44.0 46.0 56.0 62.0

8 *13.0 45.0 47.0 50.0 55.0

9 *18.0 47.0 48.0 57.0 63.0

10 50.0 50.0 55.0 64.0 68.0

Standard
Bxvor

52.7
♦ ■

2.T7

-  56.B
♦

2.73

62.8
+

4.22

7».2
♦

5.72

77.9

4.82

00
OS
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f  : Table 1 •

»sfi ^ eO'i4r-2t*i-y-i. Diet ®  r-i-'a of dnlieala Tc-tt .dtw!.-i * r • > f C * ^ •

—  T

Veeka

nsv no. .

0 1 2 3 k

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

58.0 6*1.0 75.0 81.0 95.0

5 55.0 59.0 66.0 70,0 83.0 1

6 58.0 61,0 67-0 76.0 83.0
a»
■si

7 5*1.0 59.0 65.0 72.0 77.0 1

8. 56.0

0
•

OS

67.0 76.0 80.0

9 55.0 60.0

0
.

CO
c^

73.0 82.0

10 55.0 58.0 67.0 77-0 83.0

Arerag« c
Standard
Error

55.2
+

l.?9

59.2
±

0.87

66.7
+

1.21

72.7
+

i.Tr7

82.2
♦

1.^9



Tabl® 10

ral^t gain* feed eonsuiBptlon, protein efficiency values of animals fed diets
and S at protein level on nitrogen basis

A* B»" C * D

Diet A ■i T.

Rat Ro*
Initial
weight

is)

Final
weight
(e.)

Veight
gain
is.)

Food
intake

(g. )

Protein
intake

(e.)

Protieln
efficiency'

value

1 50.0 5*^.0 *1.0 116.0 11.6 0.3*1

% U3.0 *10.0 -3.0 118.0 11.8 -0,25

3 58.0 5^.0 -2.0 106.*t 10.6 -0.19

58.0 55.0 -3.0 135.9 13.6 -0.22

5 50.0 5^.0 h.O 137.7 13.8 0.29

6 *18.0 52.0 *».o 1*15.^ 1*1.5 0.28

7 52.0 56.0 h.O 1*1*1.*1 1*1.*1 0.28

a 57.0 60.0 3.0 1 *18.7 1*1.9 0.20

9 60.0 65.0 5.0 136.8 13.7 . 0.36

10 58.0 62.0 h.O 1*tli.*i 1*1,*1 0.28

Lverage c
Standard

Srrer

53.*»
+

1.77

55.
+

2.1U

2.0

1 .03

133-3
+

U.50

13.3,

o.Tr6

0.1*1
+

0.08

00
00



Table 11

IHet B

liat No«
Initial

veiabt

(g.)

Final
welsht

l(g.)

9el^t
gain

(g.)

Pood

intake

(g.)

Protein

intake

(g.)

Protein

efTieiency
value

1 53.Q J^o.o -^^.0 121,0 12.1 -0.33

2 55.0 51.0 -It.O 11^.0 11. -0,35

y iio.o •ft.O 108.0 10.8 -037

k 5«^0 ^9.0 -5.0 112w0 11.2 -0.45

5 50. O 59.0 9.0 1ftS.2 1*1,8 0,67

6 55.0 59.0 U.O 133.9 13. 0.30

7 ^•0 6k *0 U.O 103,5 10.1} 0.38

8 57.0 5^.0 -5.0

o
0

n
#«»

13.1 -0,23

9 5^.0 €Oi.O 6.0 136.8 13.7 0,41^

10 50.0 55.0 5.0 116,8 11,7 0,'!3

Avearago e
Stasidajrd

Errer

55.2
♦

U55

5^1.0
♦

2.22

0.8

Uk6

122.5
♦

12.3
•9'

o.lTs

0.05

oTi^

09
vO



Table 12

Diet C

it Ko.

Initial

weight

(g. )

Final

weight

(g.)

Weight
gain

(g. )

Food

intake

(g.)

Protein

intake

(e.)

Protein

efriciencii

value

1 IlO.O 67.0 27.0 l4l.O l4.i 1.91

2 5*»*0 80.0 26,0 172.0 17.2 1.51

3 63.0 93.0 30.0 150.0 15.0 2.00

1.

NO
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 0

6 5^<0 97.0 43.0 190,0 19.0 2.26 1

7 56.0 97.0 41.0 182.4 18.2 2.25

S 50.0 99.0 49.0 184.3 18.4 2.66

9 49.0 118.0 69.0 203.3 20.3 3.39

10 50.0 109.0 59.0 204.2 20.4 2.89

ATerage e

Standard

Error

53.3

2.05

97.2
•»

2|.81

^3.9

U.59

175.7

28.51

17.6
+

0.89

Z.hj

0.18



Table 13

Diet D

Rat No.

Initial

weight

(g.)

Final

weight

(e.)

Weight
gain

(g, )

Food

intake

(e.)

Protein

intake

(g. )

Protein

efficiency
value

1 58.0 83.0 25.0 170.1 17.0 1.47

2 87.0 33.0 179.6 17.9 1,84

3 5^-0 92.0 38.0 193.8 19.4 1.96

k 65,0 102.0 37.0 239. 23.9 1.55 1

5 55-0 89.0 3't.O 175.7 17.6 1.93

6 57,0 78.0 21.0 171.0 17.1 1.23 1

7 ^»3.0 62,0 19.0 177.6 17.8 1.07

8 U3,0 55.0 12.0 146,3 1it.6 0.82

9 iSB.O 63.0 15.0 177.6 17.8 0.84

10 50.0 68,0 18,0 194-7 19.5 0,92

Average c

Standard

Earror

52,7
♦

2.17

77.9
+

U,82

25.2
♦

3.03

182.6
+

7.^1

18.3
+

0.75

1,40
+

0. i4



i Table

Diet B

Rat No.

Initial

veigbt

(g.)

Final

weight
(g.T

Weight
gain

(e.)

Food

Intake

(g.)

Protein

intake .

(g. )

Protein

efficiency

value

1 5t.O 76.0 25.0 159.6 15.9 1.57

2 ' 56-0 75.0 19.0 13^.9 13.5 1.(11

3 56.0 88.0 32.0 175.8 17.6 1.82 1

4 58.0 95.0 37.0 176.7 17-7 2.09 VO
M

5 55.0 83.0 23.0 138.7 13.9 2.01
1

6 58.0 83.0 25.0 151 .1 15.t 1.65

1 5'».0 77.0 23.0 182,0 18.2 1 .30

8 56.0 80.0 2I1.O 176.6 17.7 1.35

9 55.0 S2.0 27.0 16S. 16.8 1.61

10 55.0 83.0 28.0 181.6 18.2 1.53

Average c
Standard

Error

55.2
+

1 ."59

82.2

+

1.89

26.8
+

1.57

4-

5.56

16.5
•f

0.56

1 .63
■f

0.08



•

Table 15

Nitrogen balance studies

Diet A

Pat No.

Body

^a<

2

Nitrogen
intake

N. Excretion days) Nitrogen

cm mg.

Nitrogen balance
balance

mg./day

Percent N,Veli^t " iniaKo . - /./Nrt i*.
in g. '"'•fa" (I, days) Urinary raecal Total retention

mg.mg. mge
era body
surface

1 5^-0 137.3 256,0 IUO.O 87.5 227.5 7.1 5.2 11 .t

2 <>0.0 113.7 216,0 161.0

9

00

232.8 -U.2 -3.7 -7.8

3 56.0 iUo.It 22U.0 203.0 71.8 27U.8 -12.7 -9.0 -22.7

k 55.0 138.9 2U0.0 IU7.O no.o 257.0 -U.2 -3.0 -7.1

5 5'^.0 137.3 353.6 290,6 73.U 369.0 -3.8 -2.7 -U.U

6 52.0 13U.3 320.0 180.5 SU.O 26U.5 13.9 10.3 17.3

7 56.0 tuo.u 2US.0 16U.5 51.8 216.3 7.9 5.6 12,8

8 60.0 1U6.3 3Uo,o 2U8,0 62.3 310.3 7.U 5.1 8.7

9 65.0 320,0 232.0 53.9 285.9 8.5 {r 10.7

10 62.0 336.0 22U.O 9U.8 318.8 U.3 2.9 5.1

Average c 55.^ 139.2 285. u 199.1 76.6 275.7 2.U 1.0 2.U

Standard ♦ + ■¥ + * ♦ + ♦ +

Error 2.T<> 16.83 I5T79 5.78 8.11 2759

t

1

1 1.— i  •11GO  100
1

1

1

3.93

u



Rat

Tabla 1^

Diet B

Vei^t
la s*

Body
sarface

c-2

Hitrogen Excretion (4 days)
intake ———————— ———
(4 days) Drlnary rascal Total

IBS* nig» mg«

Nitrogen
balance

nig,/day

Nitrogen
balance

nig^lOO
em body
suzrTaee

Percent N.

retention

1 49.0 129. 384.0 304.5 91.5 396.0 -3.0 -2.3 -3.1
2 51.0 ' 132.6 360.0 282.-0 89.4 371.4 -2.8 -2.1 -3.2

3 40.0 194.7 376.0 3^9.0 101.3 410.3 -8.6 -7.7 -9.1 1

4 49.0 129.3^ 328.0 227-8 92.7 320.5 1.9 2.3
VO
*•

5 59.0 1^4.8 400.0 244.0 88,4 332.4 16.9 ' 16.9 1

6 59.0 14#-. 8 296.0 204.0 65.4 269.4 6.6 4.6 9.0

7 64.0 152.1 296.0 220.6 58.2 278.8 4.3 2.8 5.8

a 54.0 137.3 248.0 170.4 75.6 246.0 0.5 0.4 0.8

9 60.0 14B.3 280.0 180.9 84.5 265.4 3.6 2.5" 5.2

10 55.0 141.9 368.0 253.0 127.0 38O.0 -3.0 -2.1 -3.3

Average c 54.0
Standard ^
Error 2^*22

333.6

3.^4- 16722

239*6

15.29

87.4

6.05

327.0

19.01

1.6

♦

2.20

1.4
+ •

1.5^

2*f

2.36



l^ble 12

Diet C

Bat No.
in g.

Uody
sundaee

2
C

Nelg^t Intailc©
{

Hitrogen

m

h days) Uxdnazy Faecal Total
Dig. mg. mg. rag.

Nitrogen
balance

mg./day

Nitrogen
balance

nig|y 100
cm body
surface

Percent N.

retention

1

•  •

67^0 i6^^^3 352.0 65.4 38,8 104.2 61.9 39.6 70.4

2 80, 0 173.9 3d8.0 36.6 17.8 54.4 78.4 45.1 85.2

3 93«0 190. 3 416.0 82.^ 17.0 69.1 86.7 45.6 83.4

98.0 -196.3 504.0 82.4 34.5 116.9 96.7 49.3 76.8

5 1Tft.0 2I5.O 416.0 38.0 26.1 64.1 87.9 40.9 84.6

6 97*0 195.1 528.0 41.4 19.3 60.7 116.8 59.9 88.5

7 97.0 195.1 352.0 51. 21.1 72.5 69.9 35.8 80.1

8 99.0 197.5 208.0 32.0 18.3 50.3 39.4 19.9 75.8

9 118.0 219.5 304.0 24.0 33.0 57.0 61.7 28.1 31.2

10 109.0 207. 2 388.0 62.2 20. 1 82.3 51.4 24.8 71.4

Average e 97»2
Standard • *

Evvor ^i.SI

19^.6
♦

7.20

373.6
■ ♦

30T73

48.5
■ ♦

5^59

24.6
■ ♦

2.53

73.1

6.95

75*1
+

7.25

38.9
•f

3.83

79.7
♦

1.91

vo
vn



Tabl» 18

Diet D

Nitrogen

intake

(1| days)

N. Excretion (U days) Nitrogen

Rat No.
Vel^t
In g.

Body
surface

2
Urinary Paeeal Total

Nitrogen
balance

mg./day

balance

ragj/lOO
cm body

Percent N

retention

cm mg. mg. mg. mg.
surface

1 83.0 ' 177.7 150.5 96.6 2U7.I 61.8 3U.B 50.0

2 87.0 182.8 k6l.k 113.9 50.3 16U.2 7U.3 U0.6 6U.U

3 92.0 189.0 h9^*h 125.u 67.1 192.1 75.6 uo.o 61.1

k 102.0 201.1 k9h,k 15U.5 75.U 229.9 66.1 32.9 53.5

5 89-0 185-3 510.8 103.8 5U-O 163.8 85.5 U6.1 67.0

6 78.0 171.2 1»77.9 168.7 107.5 276.2 50.u 29. u U2.2

1 62.0 1^9.1 576.8 20U.U 116-9 321,3 63.9 U2.8 UU,3

8 55-0 138-9 U6l.li 129.0 78.8 207-8 63.u U5.6 5U.9

9 63.0 150.5 576.8 135.0 1UO.5 275.5 75.3 50.0 52.2

10 68.0 157.7 U9U.ft 187.0 60. U 2U7.U 61.7 39.1 U9.9

vo
OS

Average Z 77.9 170.3 50U.3 1^7.7 3l».7 233.0 67.8
Standard ±. ± i. _ 7,.
Brrop H.82 6,U3 13.05 9.95 9.^0 1«701 3.1^

Uo.i
+'

2.02

53.9
+

2.58



Table 19

Diet E 1 :>

Rat Ho.
Veiglit
in

Body
surface

2
cm

N. Excretion {h days)
Nitrogen Nitrogen
Intake , m * i balance
(4 days) Urinary Faecal. Total ^g./day

jng. mg. ™g»

Nitrogen

balance

mgg/"'®®
cm body
surface

Percent N.
retention

1 76.0 = 1^.6 l»80.0 266,0 23.8 289.8 1(7.5 28.2 39.6

2 75.0 176-2 liits.o 186.6 37.9 22l(.5 55.9 33.1* 1(9.9

3 88.0 528.0 152. 59.^ 211 .8 79.0 1(2.9 59.9

k 95.0 192.7 fiJio.o 108,8 99.5 208.3 107.9 55.9 67.1(

5 83.0 177.7 1(80.0 189.3 77.6 266.9 53.3 30.0 I(1(.I(

6 33.0 177.7 528-0 1U1.3 87^9 229. 2 71*.7 1(2.0 56.6

7 77.0 109.9 533.0 16I(.5 5l(.8 219.3 78.i( 1(6.1 58.8

8 80.0 173.8 1(36.0 128.i( 39.9 168.3 66.9 38.5 61.1(

9 82.0 176. 1(68.0 25'».9 6i(.5 319.'* 37-2 21.1 31.7

10 S3.O <77.7 5i(6.o 151.5 57.0 208.5 8i(.U 1(7-5 61.8

Average c h2.2 171.5 508.7 17^.*( 60,2 23l*.6
4- +

Standard + ♦

18.92 16T39
+

7.38
+

13.9l» 6.55 3.30 3.59



Table 20

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

Diet A

Rat Ho* Drymatter Protein Carbohydrate Eat --

1 87.5 65.8 89.1 90,3
1

2 96**1 66.7 91.2 91.*» so
QO

■  13 90.0 67.9 93.8 89.3

k 90.0 5*1.2 87.*1 87.7

5 86.3 77.8 89.*1 93.3

6 83.5 73.7 89.5 92.8

7 89.6 79.1 87.6 93.1

8 35.9 81.7 87.*1 89.9

9 87.5^ 93.1 90.5 90.0

10 39.5 71.8 91.5 90.5

Average c
Standard

Error

88.5
♦

0.51

72.2
+

2.79

89.7
+

o,Z5

90.8
+

0.57



Table 2<b

Diet B

Rat No. Drymatter Protein Carbobydrate Pat

1 93.7 75.9 89. 90.1

2 89.3 75.2 87.5 87.1

3 91. 73.0 85. 89.9

k 86.3 71.7 84.5 90.4

5 76.1 77.9 94.5 85.6

6 7^,6 77.9 92.3 86.8

7 82.7 80.3 91.4 87.1

8 78.7 69.5 89.5 90.4

9 88,0 69.8 88.6 90.3

10 89.5 65-5 87.9 89.9

Average c
Standard

Error

85.0
♦

2.23

,  73.7
♦

1.95

89.1
♦

0.97

88.8
+

0.51

NO

\o



f
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Table 22

Diet C

''®- Drymatter Protein Carbobydrate Pat

1 97.? 85.3 95. 93.5
2 93,8 93.3 9'».6 96.7
3 96.8 90.2 96.5 88.8
h 91.5 90.3 9't.8 90.

5 97.3 88.7 89.8 91.3
6 93.3 89.5 90. 9'i.3
7 9^.5 99.0 95. 92.0
8 96,3 9^.'I 96.8 90,8
9 95.3 96,5 9't.3 91.3
10 89.9 96.5 92.*1 89.

Arerage o
Standard

95.1 92.9 9^.0 91.8

Error 0,89 1.52 0.76
♦

1.^1

r
r-

o
o



Tatol^ 22

Diet D

Rat Ko. Drymatter Protein Carbohydrate rat

1 96.6 80.5 90.4 91.3

2 95-3 89.1 95.4 90.8 1

3 90.6 86. 91.5 83.9 o

i| 96.0 Si*.7 89.5 90,0
1

5 92.^ H9.h 90.5 91-3

6 77.5 84.5 89.5

7 95.7 79.7 88.6 86.3

8 95-0 82.9 83.6 85.4

9 96.2 75-6 95.4 92.5

10 96.6 87.8 92.8 95.1

Average c
Standard

Error

9^.8
♦

83,4
♦

1.55

91.2
+

1 .T4

90-1
♦

0.90

I

0

1



s Table 2k

'  - ■ Diet E
• r'.'ita:- .-.-.

Rat Vo, I>x*ymatter Protein Carbobydrate Fat

1 90.6 95.0 91.^ 88.9

2 90.7 91-5 92.3 91.3

3 90.3 88.7 89.1* 90.It

h 92.2 8'uU 91.3 93.3

5 91.3 33.S 9lt.1^ 95.9

6 91.3 33.3 93.1 9I1.6

7 90.5 87.8 9J,k 93.5

8 9^.2 95~k 90.3 91.8

9 90,h 91.6 91.2 91*.3

10 39-6 92.5 88.It 89.8

AT-eraga c 91-1 89. 91.5 92.It
Standard •f ■f + +

Error 0.53 1 .TTa 0.58 2.18

o



-  Table 25. . . .. ^ -

Suuarieed data* on body vel^t recorded in respect of ̂ oups of rats maintained

on diets A, B, C» D and B

(vide Tables 5 to 9)

ni»t Veeksanimals intake J — J

i

A  10 133-^+ 53. 52.2+ 52.7* 5^.0+ 55.^+ o
^.50 1.77 1.62 1.76- 1.8? 2;1^ ^

I

B  10 122.5+ 53.2+ 52.0e 52.9+ 52.9+ 5^.0+
^.5^ 1.35 1.^5 1.6? 2.52 2.22

0  10 175.7+ 53.3+ 65.2± 80.2+ 87.7+ 97.2+
^8.9^ 2.05 2.32 3.91 ^.^2 ^.81

D  10 182.6+ 52.7+ 56.8+ 62.8+ 71.2+ 77.9+
7.?T 2.17 2.73 ^.22 5.72 ^.82

E  10 l6i>.5+ 55.2+ 59.2i 66.7+ 72.7± 82.2+
5.5^ l.?9 0.87 1.21 1.^17 1.89

*  Mean values (IO animals/group) with standard ezuror.



Table 26

Summarised data* on body weight gain, food consumption and protein efficiency values
recorded in respect of gz*oups of rats maintained on diets At B,

C, D and E (Vide Tables 10 to ifc)

Diets
No. of

animals

Initial

body
velght(g. )

Final

body
weight(g.)

Weight
gain

(g.)

Food

intake

is.)

Protein

intake

(g. )

Protein

efficiency

value

A  . 10 53.^±
1.77

55.fi*
2.lTf

2.00+

1 .03"
133.4+
4.50

13.3+
0.46

0,14 +
0.08

B lO 53. 2*

1.35
5^.0+
2.22

0.80+

1.46""
122.5+

4,5^"
12.3+
0.45

0.05+
0.14

■' c 10 53.3+
2.05

97.2+
4.81

43.90+
4.59

175.7+
.8 .9.^-

17.6+
0.89

2.47+
0.13

■■ » r 10 52.7+
2.17

77.9+
4,82

25.20+
3.03

182.6+
7.61

18.3+
0,75

1.40+
0.14~

E to 55.2*
1.^

82. Z-*-
1.89

26.80+
1.57

164.5+
5.5^

16.5+
0.5^

1.63+
0.08"*

Bean values (IO animals/group) with standard error.

O



Table 27

Sumnfflrised data* on nitrogen retention recorded in respect ot groups of Kats
maintained on diets A, B, C, D and B

(vide Tables 15 to 19)

Nitrogen 'Excretion (U days) Nitrogen
TV*-.* Weight y Intake —————————— Nitrogen balance _ . „
"  ln(g.) ace (Ij days Urinary Faecal Total balance mg^/lOO retention'

cm^ mg.) «g. ag. mg. "B./day cm body
surface

A 55.'^± 137.24
if.^t

285.if4
16.83

199.14

15.79
76.64
5.78

275.7*
8.11

2. *14

2.59

1.^4
1.88

2;*14

3.93

B

2,22
137.®* 333.64

16.22
239.64
15.29

S7.If4
6.05

327.04
19.01

1 #64
2.20

1.4.4

1.5?
2.14

2.3^

C 97.24

if.81
19if.64
7.20

373.64
30.73

''S.S*
5.59

2*1,6+
2.53

73.14_
6.95

75.1*

7.25

38.94
3.83

79.74

1.91

D 77.94
4.82

170.34
6.if3

50if.34
13.05

lif7.7-«-
9.95

8*1.74
9.*10

233.04
16.01

67.84
3.(i>Tr

*10. I4
2.02

53.94
2.5§^

B 82.24

1.89
171.54
7.13

508.74
18.92

I7^.if4
16.39

60.24

7.38
23*1.64
13.9^

68.54
6.55

38.64
3.30

53.1±
3.59

o

•Mean valaes (IO animals/group) with standard error.



Table 28

^nmarisGd data^ on digestibility coefficients recorded
in respect of groups of rats fed diets A, B, C, D & E.

(Vide tables 20 to 2^^)

Met. Dry matt.r Protein Carbohydrate Pat

A 88e5-»-
0.5T

72.2+

2.79
89.7+
0.65

90.8 +

0.57

B 85.0*
2.23

73.7-f
1.95

89.1 +
0.97

88,8 +

0.51

C 95.1 +

0.89
92.9+
1.52

94.0*
0.7^

91.8+
1.61

D 9^.8+
<5.3

83.

1-55
91.2+

1.1?
90.1 +

0.90

S 9U1*

0.53
89. V
1.42

91.5+
0.58

91-4+
2.18

•Mean values (lO animals/group) witb standard error.

o
C\
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Table 29

Analysis ot ▼ariance-Body iralg^t sain in s*

Soorea df, SS. MSS. F,

Between diets It 13367.92 331*1.98 ItS.fil**

Error k5 3295.70 73.2U I
^ }

Total 1*9 T6663.62 S -
I

* Slgnlfleant at 1^ level.

Critical difference

S.ltZ at level

11.09 at li. level

Mean vainest

~  A = 2.00 B = 0.80 C ts 2t3,9 D = 25.2 E = 26.8



Table 30

AnaXysi-s of TaPlaziee^Protein efficiency values

Source df. SS. MSS. F.

Between diets ^2.56 10«6^ 62»59**

Error ^5 7-71 0.1? ,

Total h9 50.27 g

•* Significant at 1^ level. '

Critical difference:

6,52 at 5^ level

0A2 At level

Mean values»

Diets A B O D E

0.1U 0.05 2.^17 1.^»0 1.63



Table ̂

Analysis of variance-^ Nitrogen retention

Source df, SS. msS. P.

Between diets k *17812.30 11953,07 135.09**

Error k3 3981.57 88.*»8
g ■

Total • k9 51793.87

** Significant at 1^ level.

Critical difference.'

7*2k at 5^ level

9.53 at 1^ level

Mean values:

A = 2.4 B « 2.1 c a 79.7 D a 53.9 E = 53.1

A = r c « r: -"il.? tc » 91.5

% •

:> ^

o
\o

=.V'



Table 21

Analysis of variance-Digestibility coefficient of earbobydrate

Source df. SS. MSS. P.

Between diets k lh5,6'7 36,U2 5,06»*

Error h5 323-53 7.1?

Total h9 h69,ZO

'A i ,

•* Significant at 1^ level.

Crdtical difference:

Z^jh at 55S level

3»^ at 1®C level

Mean valuea

A a 89.7 B = 89*1 c « 9'».«> D « 91»2 B » 91.5

o

t



Table 21

Analysis of varlance-DlgestlbUlty coefficient protein

Source df. 5S. MSS.

Betveen diets k 3198.08 799.52 22.74**

Barror h5 1581.94 35.15

Total 49 4780.02

•* Significant at level.

Critical differencet

5.01 at 5^ level

6.59 at 1^ level

Mean valnes
n —

A « 72.2 B » 73.7 C = 9^.9 D»83.^ ® = 8^.^







































































































Table 8k

Diet C

Rat

No.

Body
Vt. of Caecum

with contents

Ce.)

tft. of Caecum

with contents/
lOOg. body wt.

(g. )

Wt. of Caecum

without

contents

(e-)

vt. of Caecum
without contents/
lOOg. body wt.

(g. )

5 11k,0 1. 25 1.09 0.29 0.25

6 97»0 1.03 1.06 0.35 0.36

7 97-0 1,2k 1.28 0.23 0.2'»

8 99.0

I

N
o

I.O** 0.27 0.27

9 118.0 1.23 I.Qil 0.31 0.26^

10 109-0 0.95 0.87 0,2k

1

1

1

1

1 101 • 1M  1ro
1

I

1

1

1

1

1

1

Average c
Standard

Error
105-7+

3.77

1.12+

0.05"*
1.06+
0.05

0,28*

0.02

 jc0.» 00

to



•

Table 85

•  -

... Diet D
•

Rat

No.

Body
Vt. (g.)

^ _ Wt, of Caecum

.Ik" rT "Ith contents/with contents ,0^ ,4.

'®* ' (g. )

Vt. of Caecum

without

contents

(g. )

wl, 0? Caecum
without cont

ents/ 100 g.
body wt.

(g. )

5 89*0 1.05 1.18 0.25 0.28

78.0 1*65 2.11 0.21 0.27

7^ 62.0 1.58 2.55 0.15 0.2*v

8 55-0 U^»5 V 2.63 0.19 0.3*1

9 63.0 1,86 . 2., 95 o.Uo 0.6U

10 68.0 1.85 2.71 0.31 0.*i6

Average c
Standard

Brror

69.2+
5.o¥

1.57+
0.12

2.36+
-  0.26

0.25 +
O.Oij

0.37+
0.06

OS
u



Table 86

Diet E

Rat

No.

Wt. of Caecum Wt. of Caecum Vt. of CaecumCaecum contents/ without without contents/
Body contents ^oog. body wt. contents 100g. body wt.

(g.) (g.) (g.) (g*)

% 76.0 1.5^ 2.03 0.22 0.29

2 75.0 1,06 1.M 0.29 0.38

3 88.0 1.35 1.53 0.35 0.39

li 95.0 1-29 1.35 0.21 0.22

5 83.0 1.86 2.2^ 0.21 0.25

6 83.0 1.58 1.90 0.23
0.28

OS
■c

Average c
Standard
Error

83.3*
3.06

1.U5*
0.11

1.7^*
O.i**

0.25*
0.02

0.30*
0.03

T .* en V.



1

Table 82

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

Diets
Bodjr

Vt. (g.)

Vt. of Caecum

with contents

(ff- )

Wt. of Caecum

with contents/
lOOg, body wt.

(g.)

vt. of Caecum

without

contents

(g. )

vt, of Caecum

without contents/
lOOg. body wt.

(g. )

A 58.2-f 1.52+
0.06

2.65+
O.U9 . .

0.23+
0.01

0.39+
0.01 •

B 58.5+
1.ii8

I(.36+
0.k9

7.2S+- ■
0.56

0.ii3+
0.05

0.70+

0.17

C 105.

K77

1.12+

0.05"
1.06+
0^5

0.28 +
0.02""

0.27+
0.02~

D 69.2+
5.oir

1.57+
0.12

2.36+
0.26

0.25+
o,oh

0,37+
o.oi»

B 83.3+
3.06

1.1^5+
0^11

i.7*ti
o.iJi

0.25+
0.02

0.30+

0.03

o.-t"

Vii.

* Mean Tallies (6 aniioals/group) with standard error



Table ̂

AnsLlystB of variance - wei^t of caecum without contents/lOOg. body wt«

Source df. SS. HSS. T,

Between treatments U O.72O8 0.1802 tS,ZOr')**

Brror 25 0,2487 0.0099

Total 29 0.9695

Ov
cv

«» Significant at level

rTHtirnl dlfferencef O.OflOl at 5^ level
0.1083 at 1% level

Mean value.. A = 0.39. B - 0.70. C - 0.27. B = 0.37. B = O.3O



Table 89

Iyn4 g of vaiplaziice "• wel^b^ of ca^uaoi with cofltents/IOOg* body weigbt

Source df.

Between treatments ^

Error 25

Total 29

SS.

ll».8700

12.9559

27.8059

MSS.

36.2175

0.517**

P.

69.99**
Ov
-a

«* Significant at 1^ level

Critical difference* O.7I at 5^ level
O.96 at 1^ level

Mean valuest A « 2.65r B = 7.28, C a I.06, O = 2.36* E = 1.7**.



Table 90

Vei^ts of pancreas of animals maintained on dieta A, C» E and E.

Diet A

Rat

Ho.
Body vt«

Vt, of

pancreas

ID

Wt. of

pancrea^ pancreas

dry wt,

X.93

Moisture ̂

1  . 5^ 0.2616 0.6662 0,1236 68,88

2 0.23t7 0.5292 0,0915 56,77

3 56 0.2820 0.5035 0,1656 68.66

h 55 0.2206 0.6007 0.1862 16,62

5 5^ 0,3130 0,5796 0.0916 70.83

6 52 0.2239 0.6305 0.1315 61,27

7 56 0,3066 0,5639 0.0910 70.12

8 60 0.3816 0.6356 0.0995 73.92

9 65 0,2772 0,6266 0.0916 67.03

10 62 0.3682 0,5803 0,1310 62.63

ATerage c
Standard

Error

55.*»+
2.16

0,28064
0,0168

0,5096+
0.0266

0.1178+
0,1001"

55-51+
5.58

c\
CO

I

1



/ Table 91

Diet B

_ Rat
Ko,

Body vt.

,  (P.

vt. of

pancreas

Vt. of

pancreas/
lOO^rat

pancreas

dry wt. Moisture <

1 0.^^305 0.9575 0.15*11 6*».20
2 51 0.39'f2 0.7729 0.1321 66.*18
3 ko O.i^05i| 1.0956 0.09*18 76.61
k ^9 1.0031 0.1** 38 68,1**
5 59 0.5SJi3 0.81|68 OifiO^i 65.06
6 59 0,k99k 0.77*13 0.13*11 73.09

7 6k 0.5Ii3l 0.8*»85 0.15*11 71.62
8 5k 0.5779 0.8850 0.159*1 72.*ti
9 60 1.1893 0.3*fM 0.20^5 82,80

10 55 1.1950 0.3*121 0.0701 9*1.13

Average c
Standard

terror

5'».0+
2.22

0.6269+
0.0965

0.7869+
0.080**""

o.l*»5i +
0.0132

73.*»5+ *•
3.09

0\
so



Table 92

Diet C

Rat No. Body wt.
Nt. of

pancreas

__ i

Nt. of

pancreas^
lOO^^acfc

pancreas

dry wt.
Hoisture ̂

1 ^7 0.ftl3ft 0.6170 0.1213 70.65

^2 80 0.3158 0.39ft7 0.1503 52.2ft

3 93 O^ft055 0.ft360 0.168ft 58.ft7

ft 98 0,ftl05 O.ftlBS 0.1752 57.32

5 lift 0.ft36o 0.382ft 0.1777 59.2ft

6 97 0.3880 o.ftooo 0.162ft 58.1ft

7 97 0.3ft20 0.3525 0.1622 52.51

8 99 o.fta^o 0.ft303 0.ift35 66.31

9 Its 0.388^ 6.3293 0.1305 66.ftl

10 109 0.ft306 0.3950 0.1616 62.ft7

Average c
StandaETd

Error

97. 2±
ft.81

0.395^
0.123^

0.ftl56*
0.02ft6~

0*155ft+
0.0059

60.38+
1.92

-a
o



V

Table 22

Diet D
• r -•

Rat No. Body wt.

C3>

Wt. of

pancreas

Wtfc of

pancrea^
100^. rax

panereais
dry wt.

Moisture ̂

' t 83 0.3736 0.4501 0.0650 82,60

Z 87 0,I»631 0.5323 0.1039 77.56

3 92 0.3615 0.3929 0.1415 60.85

h 102 O.U063 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 6z 0.3^63 0.5585 0.1127 67.45

8 55 0.2835 0.5154 0.1112 60.77

9 63 0.4133 0.6560 0.0859 79.21

10 €8 0.4485 0.6595 0.1602 64.28

Average e

Standard

Error

77.a
1».82

0.3724*
0.O207~

0.4909+
0.0355

0.1180+

0.0095

67.33+
3.14

I

I



i--,
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Table 2h.

Diet B

;;«2t cf {praapa ef

Rat No. Body Yt.

C93

Wt. of

pancreas

vt of

pancreas/
lOOg.rat

pancreas

dry wt.
Moisture ̂

1 76 0*233^1 0.3071 0.1834 21.4l

2 75 0.2282 0.3042 O.O7O8 68.97

3 88 0.3292 0.3740 0.1539 53.25

k 95 0.3976 0,4i85 0.1348 66.09

5 83 0,2892 0,3784 0.1131 60.89

6 83 0.4380 0.5277 0,1199 72.61

7 77 0.2465 0.3201 0.0234 49.94

8 80 0.3164 0.3955 0.1004 68.27

9 82 0.3284 O,4oo4 0.1091 67.69

10 83 0.4021 0.4844 0.1343 66,60

AYez^ge c

Standard

Error

82.a-*-

1.89
0.3209+

0.0233"
O.388O+

0.0235

O..II43+
0.0193

60.62+

2.89"

-J
}o



Table 21

Soamarised data* on weight of pancreas recorded in respect of groups of

^  rats maintained on diets A» B» Cf D and E,

(vide tables 90-9^)

Diets
Wt. of

rat (g.)

Fresh

Vt. of

pancreas

m

Wt. of

pancreas/
lOOf^rat

Dry wt,
pancreas

Moisture ̂

1

' A 55.'f+
2.14

0.2804+
0.0168"*

0.5094+
0.0246~

0.1178+
O.IOOl""

55.61+
5.58

0

1

B 5^.0+
2.22

0.6269+
0.0965

0.7869+
0.0804""

0.1451+
0.0132""

73.45+
3.09

C 97.2+
4.81

0.3956+
0^1236"

0.4156+
0.0246

0.1554+
0.0059"

60.38+
1 .92~

0 77.9 +
4.82

0.3724+
0.0207

0.4909+
0.0355"'

0.1180+

0.0095

67.33+
3.14

B 82.24^

1.89
0.3209+
0.0233^

0.3880+
= 0.0235"

0.1143+
0.0193

60.62+
2.89

♦ Mean values (10 animals/group) with standard error.
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Body Ifi g. •if uiImIs i^-;c^T-'.-r confe^iiiing' eevpM vii t&r dlMlv
«»d M^elaT^d. •ci?p>«i.v and tsTptophan**

l*t ■•. - Table 96

'" Anaiysie of -variance - Pancreatic ereig!hts
P%

5  Source df. SS. MSB. P. .11.9

■^'.0 • ^I

Between treatiaents A 1,005^ O.2513
■> > .0

0.8557 0.0190 tX'.O

•  Total I19 1.8611 74«0

 Critical differencei 0.102^1 at 5^ level ?2.6*
■ay O.13U8 at level 1.2^

Mean values» A « 0.509'», B = 0.7869t C « 0.«H56, D - 0.^909,
E « O.388O.

T5.0

»» Significant at level ■ ^
'ii



SECOm) SERIBS OF EXPEBIMEHTS

Table 21

Body weight in g. of aniaals receiving diets containing cowpea and tur dhal,
raw and autoolaved, suppleaented with metblonine and tryptophane.

Diet P

Veeln
Rat Ro«

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 55.0 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
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 74.0
9 50.0 57.0 62,0 66.0 75.0

10 54.0 58.0 62.0 69.0 76.0

54.1+ 58.9+ 64.04- 71.0+ 82.6+
Error 1.54 1.84 2.28 2.85 U2S

''■'i nr-;.

va



Table 98

Siet G

Weeks

0 1 2 3 4

t 53-0 66.0 74.0 85.0 95.0

2 55.0 66.0 75.0 88.0 98.0

3 53-0 69.0 76.0 87-0 104.0

4 53.0 65.0 75.0 86,0 102.0

5 51.0 64.0 71.0 79.0 89.0

6 55.0 •64.0 75.0 82.0 94.0

7 60.0 73-0 78.0 92.0 103.0

8 55.0 62.0 74.0 86.0 99.0

9 52.0 63.0 69.0 83.0 94.0

10 50.0 62.0 69-0 80.0 93.0

^▼er&ge o
Standard
Srror

53.5+
0.27

65.4+
1.08

73.4+
0.93

84.8+
1.23

97.1 +
1.55

tK



Table 99

Diet E

Vealn

Rat Ro»
0 1 2 3 4

■  -

1 56.0 62.0 72.0 92,0 , 109.0

2 51.0 58.0 63.0 86.0 102,0

3 b47.0 51.0 60.0 76-0. 92.0

4 48.0 57.0 63.0 77-0. 90.0

5 53.0 62,0. 70.0 87-0 96.0

6 56.0 74.0 83.0 108,0 114.0

7 50.0 56.0. 67.0 90,0 125-0

8 56.0 70.0 86.0 100.0 110.0

9 54.0 63,0 67.0 84.0 92.0

10 49.0 59.0 77.0 90-0 98.0

4Temge e

Standard

Brror

52.0+
1.09

61.2+
2.12

70-8+

2.7^
89.0+
3.8?

102.8+

3.^



Table 100

i''e Met I
-. •- i.

Weeks

Bftt 5o« '

0 1 2 5 4

1 57.0 73.0 97.0 106.0 112.0

2 55.0 65.0 91.0 111.0 139 .0

5 50.0 59.0 86.0 97.0 120.0

4 44.0 56.0 75.0 86.0 101.0

5 57.0 66.0 90.0 105.0 126.0

6 52.0 71.0 88.0 91.0 119.0

7 59.0 71.0 96.0 112.0 139.0

8 51.0 64-0 73.0 83.0 108.0

9 55.0 65.0 87.0 94.0 104.0

10 69.0 79.0 103-0 111.0 128.0

iLverage o
Standard

Error.

54.9±
2.08

66.9'*'
2.15

68.6-I-

2.94

99.6+
5.43

119.6+
4.27

•>«
OD



7abl« 101

Wei^t gala, feed coneuaption, protein effloienoy values of animals fed diets F, H asd I
Bupplemented with methlonine and tryptophane.

Diet F

Sat So.
Initial

wel^t

(s)

Final
vei^t

is)

t i
i

1

Food

intake

(e)

Protein

Intake

(s)

P3?otein efficiency
value

(PBV)

1 £0.0 111.0 51.0 194.7 19.5 2.61 1

2 60.0 79.0 19.0 136.8 13.7 1.37
3 55.0 81.0 2fi.O 140,6 14-1 1.84

\o

4 47.0 70.0 a3.o 122.6 12.3 1.87
.1

5 53.0 79.0 2£.0 144.4 14.4 1.81
6 51.0 81.0 30»0 747.3 14.7 2.04
7 £1.0 100.0 39.0 171.0 17.1 2.28

8 50.0 74.0 24.0 124.5 12.4 1.92
9 50.0 75.0 25.0 132.5 13.2 1.88
10 54.0 7£.0 22.0 129.7 12.9 1.71

Average o
Standard
Srrer

54.1+
1.52

82.£+

4.09
28.5+
3.03

144.4+
7.11

14i4+
0.71

1.93+
0,10



Table 102

Diet G

Rat lo.

Initial

vei^t

ie)

Final

vei^t

(ff)

Weight
eeda

ie)

Food

intake

(b)

Protein

intake

(«)

Protein effieienoy
▼alue
(PEV)

1 53.0 95.0 42.0 166.2 16.6 2.53

2 55.0 98.0 43-0 170.5 17.1 2.51

5 55.0 104.0 51.0 195.7 19.6 2.60

4 53-0 102.0 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 6b.o 103.0 43.0 181.9 18.2 2.36

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

Average e
Standard
Error

53.5+
o.a7

97.1 +
1.55

43.6+
1.28

175.2+
3.24

17.5+
0.32

2.48+
0.13"'

O)
o



^abl» 103

Diet H

Bat Vo.

Initial
vei£^t
isT

Final
vei^t
uT

Vai^t

f«r
Food

intalffi

(e)

Protein

intake

(e)

Protein efficiency
valne

(PEV)

1 56.0 109.0 55.0 167.7 16.8 3.15

2 51.0 102.0 51.0 1W.7 15.8 3.23

3 47*0 92.0 45.0 151.0 15.9 2.98

4 48«0 90.0 42.0 151.5 15.2 2.76

5 53*0 -  96.0 43.0 160.0 I6.0; 2.69

6 56.0 114.0 58.0 200*9 20.1 2.88

7 50.0 125.0 75.0 179.5 17*9. 4*19

e 56.0 110.0 54.0 178.6 17.9 5*02

9 54.0 92.0 38.0 144.8 14.5 2.62

10 49.0 98.0 49.0 168.6 16.9 2.98

\Tara9* o
Standard

Bxrer

52.0+
1.09

102«8'»-

3.^
50.8+

0.35

166.0-f

5.33

16.6+

0.53

3.04+
0*14

I

00

1



Table 104

-  . Diet I

Bat Bo.

Initial
voiaht

(S

Final
voigfat
(s)

Weight Food

intalce

(g)

Protein

intake

(g) ,

Protein efficiency
c; value

(PB7)

1 57.0 112.0 55.0 166.3 16.6 3.31

2 55.0 139.0 64.0 162.9 16,5 5.15

3 50.0 120,0 70.0 143.9 14.4 4.86

4 44.0 10a.0 57.0 142.5 14.2 4.01 y

5 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 59.0 159.0 80.0 182.3 18.2 4.3'9

8 51.0 108.0 57.0 151.0 15.1 3.77

9 55.0 104.0 49.0 131.0 13.1 3.74

10 69.0 128.0 59.0 ^ 190.0 19.0 3.11

krer&ge o
Standard

Error

54.9+
2.08

119.6+
4.27

64.7+
3.57

159.0+
5.74

15-9+
0.81

4.08+
0,20" •

/

\

r

t  * s

... , a * ̂

00
A9



Aat Ho*

Table 105

Hitrogen balance studies.

Diet F

Body
wei^t
e»

Body
%uriace
cm

HitHogen
intake

(4 days)
mg*

N.GxBretion (4 days

Urinary
ng.

Faecal

fflg.

Total

mg.

Nitrogen Nitrogen
balance balance

mg./day mg^/lOO
cm body

surface

Percent

nitrogen
retention

1 111.0 210.4 577.6 234.4 66.6 301.2 69.1. 32.8 47.8
1

2 79-0 172.5 304-0 169.5 48.9 218.4 21.4, 12.4 28.1

3 81^0 175.2 379.0 195.5 60.6 256.1 30.7 17.5 32.4
(n
u

4 70*0 ,160.4 556-8 206.1 35.5, 141.6 53.8 35.5 60.3 1

5 79.0 .172.5 364.8 126.5 66,9. 193.4 38,8. 22.5 42.0

£ 61.0 175.2 372.8 154.2 53.2 : 207.4 41.3 23.6 , .  44.4

7 100.0 190.7 508.8 147.8 101.4 249.2 64.9 . 32.6 51.0

8 74.0 165.9 354.4 150.7 28.8 . 179.5 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

to 76.0 168.6 542.4 147.5 75.8 233.3 29-8 17.7 34.8

iverags o .
Standard nT
Brror

176.7+
4.95

386.2+ -
27.6S

•164.4+
me"?

62.7+
7.12

217.1 +
15.73

41.8+
5.02

23.3+
2-39

42-4+
3.04



Tabl« 106

Diet G

fiat fio.

Bodsr
veigbt
8.

Body
surface

on

Nitrogen
intake

(4 days)
fflg.

N.Szcretion (4 days)

Urinary Faecal Total
Dg. Big. mg.

Nitrogen
balance

ag./day

N. balance

on body
surface

Percent

nitrogen
retention

1. 95.0 192-7 440.0 154.4 92.4 246.8 48,3 25.1 43.9

2 96.0 196.3 427.0 135.2 74-7 209.9 54.5 27.7 50.8

3 104.0 203.4 456-0 118.4 65.3 183.7 68.1 33-5 59.9

4 102.0 201.1 584-0 129.6 35.6 163.4 55.1 27.4 57.4

5 89.0 185.3 336-0 171.7 50.4 221.1 28.7 15.5 34.2

6 94-0 191.4 344.0 124.6 88.4 213.0 33-0 ,  17-2 38.1

7 103-0 202.2 400.0 140.4 64.5 204.9 43.8 24.1 48.8

e 99-0 197.5 432.0 118.5 54.3 I72.B 64.8 32.8 60.6

9 94.0 191.4 368.0 152.0 34.9 186.8 45.3 23.7 49.2

10 93-0 190.3 368.0 194.0 78.5 272.5 23.9 12.5 25.9

Average c 195*2±
Standard

Error
1.55 1.87

395.5+
13.2^

143.9+ 63.7+ 207.5+ 47.0+
7.7^ 6.47 10.94 4.65

23.9+
2.22

46.9+
5.^

00



Bat So,

Table 107

Met H

Body Body
veigbt siu^ce
«• cm

Hitroffen
intalce

(4 deqrff)

B^BbcoMtion (4 de^s)

Bzioazy Faeoal Toal

Bltzogen
balaaoe

m^r./day

B. bala&oe
fflffa/100
- bodycm

Percent

nitrosen
retention

1 f f f ..... . ..

mg. mg. ■mg. mg. surface

1 109^0 209.2 60S20 144.9 162.5 307.4 75.1 35.9 49.4

2 102.0 201.1 480.0 ■1^.1 37.5 161.6 79.6 39.6 66.5

3 92*0 189.0 464*0 118.4 54.3 172.7 72.8 38.5 62.8
•

4 90.0 186.5 416.0 115.8 74.5 188.3 56.9 30.5 54.7 *■4

CD
VJI5 96*0 193.9 400.0 I65.8 55.2 217.0 45.7 23.6 45.7

6 114.0 211.9 416.0 119.4 44.4 165.8 63.0 29.7 60.6 1

7 125*0 227*2 640.0 162.8 65.4 226.2 103.4 45.5 64.6

8 110.0 210.4 592.0 118.4 102.5 220.9 92.8 44.1 62.7

9 92.0 189.0 480.0 182.5 41.7 224.0 64.0 33.9 53.3

10 98.0 196.3 480.0 125.0 47.9 172.9 76.8 39.1 63.9

Average a*Standard ,*5^
Error

201.4-»-
4«12

497.6+
27.13

137.3+
7.71

68.2-«>
5.95

205.5+
13.99

73.0+
5.34

36.0+
2.14

58.4+
2.25



TabU 106

Slot I

Body Bo^ Nitrogen.
intake

(4 days)

K.Ercretion (4 days) Nitrogen
balattoe

ffig./day

N. balance
agg/100
cm body

Percent

nitrogen

Bat lo.
voi^t
E.

surface

ea Urinary Faecal Total retnetion

mg. mg. mg. mg. surface.

1 112.0 212.7 456-0 166.0 48.5 216.5 59.9 28.2 52.5

2 139.0 242.2 504.0 U5.1 35.4 160,5 85.9 35.5 68.1
1

. 3 120.0 221.7 480.0 135.5 23.4 158.9 80.3 36.2 66.9

4 101.0 199.9 432.0 124.6 27-6 152.2 69.9 54.9 64.8 00

5 126.0 228.3 608.0 171.5 102.4 275.9 83.5 56.6 54.9 1

6 119.0 220.6 536.0 134.9 94.4 229.3 76.7 34-8 57.2

7 139.0 242.2 544.0 105.8 27.7 133.5 102.6 42.4 75.4

6 108.0 208.1 432.0 128.1 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 70.1

10 128.0 230.4 384.0 120.5 58.5 178.8 51.3 22.3 53.4

119.6+ 220.9+
Standard — —

Error
4.27 4.75

485-6+
20.62

130.9+
7.54

49.9±
8.60

180.9+
14.15

76.2+
4.63

34.5+
1.86

0.57

62.6+
2.47
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Ta^)le 109

Digestibility ooefficients of dry matter, protein, carbohydrate and fat in the diets
containing raw and autoelaved cowpea and tur dhal, supplemented

with oethionlne and tryptophane.- (Diets F, G, H and l)

Diet P
111.--.-

Bat Bo. Dry matter Protein Carbohydrate Bitt

!!!

i 87.2 88.4 93.1 94.1
1

2 90.0 83.9 94.5 93.1 05

3 82.2 84.0 96.7 92.6 i

4 86.2 90.0 98.1 90.8
5 87.3 81.7 95.4 91.0
B 94.3 85.7 93.8 95.4
7 89.3 80.1 96.4 93.2
8 87.6 91.4 98.4 ■90.1
9 86.3 72.3 89.4 . 89^9

10 87.1 77.9 91.2 ■91.3

^▼erage c
Standard

87-9+
0.97

83.5+
1.84

94.7+
0.92

92.1 +
0.57



Table 110
t

Diet a

Bat Bo* BXjr matter Protein Carbohydrate Pat -

1 91*2 79.0 92.8 90.3

2 90*8 82.5 90.5 91.2

3 90.8 85.7 91.3 89.9

4 92.3 91.2 95.4 93.3
V

5 94.9 85.0 96.5 96.8

6 86.0 74*3 93.1 95.4

7 90.3 83.9 96.1 93.1
8 90.1 87.4 93.1 88.4

92.2 90.5 89.9 89.7

10 85.9 78.7 86.8 95.1

Avexage e
Siaatdaxd
Exrox

90.4+
0.87

83.8-i-
2^2Z

92.7+
0^84 .

92.5+
0.89

00
00



Bat Bo.

Average e
Standard
Error

Dry mtter

94.3+
0.17

Table 111

Diet H

Protein

86.6jk
1.82

Carbohydrate

1 95.2 7^3 96.8
2 94.4 92.2 97.1
3 94.7 88.3 89.9
4 94.5 82.1 92.5
5 94.1 86.7 93.1
6 93.5 89.3 9i^.0
7 94.3 90.1 90.1
8 94.6 82.7 95.4
9 93.4 91.3 93.2
10 94.5 90.0 89.1

92fH
0.89

i^t

93.1

93.1

90.6

90.8

89.6

85.3

91.4

93.4

91.8

95.4

91.6+
0.93

OD
NO



£at No.

1

2

3

4

5

6

7

8

9

10

Arorago o
Btandard
Error

Dry aattar

95.1

94.7

94.5

95-9

96.2

95.1

95.4

95.1

95.6

94.5

95.2+
O.lZ

Table 112

Diet I

Protein

89.4

92.9

95.1

93.6

83.1

82.4

94.9

92.2

90.1

84.8

89.8jf
1.52

Carbohydrato

94.1

93.2

90.7

95-4

92.1

88.9

91.5

95.6

92.6

98.4

92.8+

0.78

I^t

90.1

92.2

89.1

92.3

94.1

90.3

90.6

90.7

93.6

95.1

91.8+
0.^

I

* Heepa ralxee (10 mlaal.*/group) vLtb etandard error.



Table 113

> • i '•*> "J

ised data* on body waists in g. recorded in respect of groups of rets maintained on
diets F, G, H and I, supplemented with methionine and tryptophane.

(Vide Tables 97 to lOO)

Siets
Bo.of Food

Veeks

animals intake
0 1 2 3 4.. . -

P 10^ 144.4±
7.11

54.1 +
1.52

58.9+
1.84

64.0+
2.28

71.0+

2.85

82.6+
1.26

6 10 175.2±
3.24

53.5+
o.a?

65.4+
1.08

75.4+

0.93

84.8+
1.23

97.1+
1.55

B 10 166.0.I-

5.35

52.0+
1.09 2.13 ■

7P.8+
zaB

6%0±
3.06

102.8+
3.6T

1 10 159.0i
5.74

54.9+
2.08

66*9+
2.15

66.8+
2.94

99.6i
3.43

119-6+
4.27

* Hean Talnes (10 animals/group) with standard error*'

*0

I



Table 114

Sueeariaed data* on body weigbt gain feed eonsumption and protein efficiency values; reiorded
in respect of groups of rats maintained on diets G, H and I

(vide Tables 101 to IO4)

1

Diets
lio.of
animals

Body weight

Initial

(e.)
Final

(ff.)

Uei^t
gain

Food

intake

C30

Protein

Intake

.

Protein

efficiency
ratio

F 10 54-1i
1.52

82.6+

■(.zi
28-5+
3.03

144.4+ '
7-11

14-4+
0.71

1-93i
0.10

G 10 55.5+
0.2.7

97-1 +
1.55

43.6+
1.26

175-2+
3.24

17.5+
0.32

2.48^ ■
0.13 1

H 10 52.0i
1.09

102.8+
5.^

50.8+
0-35

166.0+
5-33

16.6+
0.53

3-04+
0.14 t

I 10 54-9+
2.08

119.6+
4.27

64-7±
3.57

159.0+
5.74

15.9i
0.81

4.08^
0.20 t

' ^ •

vn
10

♦ Hean values (10 animals/group) with standard error.
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1!kl>le 115

Soamiarlsdd data * on nitrogen retention recorded in respect of groups of rats maintained on
diets fit and I supplemented with methionine and ts^tophane

(Vide" Tables IO5 to 108)

Piets

Veight
in(g.)

Body Bitrogen
surfaoe intake

-2 (4 da^)
cm

Nitrogen Em5£etion(4 days)

Uninary Faecal Total
'ing* ®S»

Nitrogen
Wlance
mg./day

Nitrogen
balance
mg,/lOO
2

cm body
surfaoe

Percent

Nitrogen
retention

p S2,6*

1.26
176.7±
4.95

386.^
27.^

164.4+
11.8^

62.7+
7.12

217.1^
15.73

41.8^
5.02

23.3+
2.39

42.4+
3.04

G 97.1±
1-55

195^2i
1.87

395.5±
13.26

143.9+
7.76

63.7i:
6.47

207.5i,
10.94

47.0^
4.65

23.9±
2.22

46.9±
3.62

H 102.8+

3.^
201.44.
4.12

497.6+
27.13

137.3±
7.71

6iB.2+
5.95

205.5+
13.99

73.0!4
5.34

56.0^
2.14

58.4+
2.25

X

I 119.64.
4.27

220.94.

4.75
485.6+
20.^

130.9+
7.54

49.9+
8.80

180.8i
14.15

76.2t
4.63

34.5±
1.86

62.6+
2.47

vo

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



Table 116

Suaaarlsed data on digeotibility eoefficlent recorded in respect of rats fed diets containing
rav and autoolaTed covpea and tur dhal« supplemented with methionine and tryptophane

Diets

C

H

I

(Vide Tables 109 to 112)

Dry matter Protein Carbohydrate Fat

87.9±p;97

90.4iP.87

94-31P-17

95.2iP.l6

85.5+1.34

83.8^2.26

86.6+1.82

89.8^1.52

97.4+0.92

92.7+P*64

92.91:0.89

92.8+0,78

92r1i0.57

92.1+0.69

91.6+0.93

91,8i;p.62

■t

F.2».5, €*#5.9

r:" _ -

NO
•IS-



^bie 117

Analysis of variance—Body weight gain in g.

Somroe df. SS^ ^ ISS«

Between treatments 4 6887.0 1721.75 13*019* ^
I

Error 45 5015*0 131.44

Sotal 49 11502.0

» Significant at 1^ level

Qrltieal difference t
8.42 at 5^ level
11.09 at 1^ level

Mean vainest P ■ 28.5t 0 " 43*6, H « 50.8» I = 64.7» 0 = 43*9



Table 118

Aiielyeie of ▼etf&ftnoe^^Pi^otein efficlenoy values

** Significant at level

Qritical differencei

Source df. SS. i©s.

Between treataents 4 26.6894 6.6723

45 12.0433 0.2676

Total 49 38.7327

2/1»93»»

0.41 at 5^ level
0.54 at I5S level

Mean valueet P - 1.93, C - 2.48, H - 3.04, 1 - 4.08, C - 2.47



Table 119

Analysts of variance—per cent Hltro^ren retention

Source df. SS.

•i.-

•* Slgnifioant at level
-

Critical diffarenoat

HSS«

Boteeeu treataente 4 e592»21 2148.05 44,6a**.

45 2163.24 48.07

■Potal 49 10755.45

7.25 at 556 level
9.53 at 1^ level

Kean valuest
F - 42.4# G • 46.9, H - 58.4, I - 62.6, C « 79.7



120

Analysis of Tarianea'-**Sige8tlbility coeffioient of Protein

Scarce df. ss. MSB. y.

Betveen treatments 4 539.91 134.98 4.46**

Error 45 1360.69 30.24

Total 49 1900.60

** Significant at level

.' • n o<^nt
Critical dlffereacet

5*01 at 5^ level
6.59 at 1^ level

Mean valuest

r

I  _

\o -

I

F - 83.5, C » 85.8, H - 86.6, I - 89.8, c « 92.9



Table 121

Analyais of TarXanoe~SlgeEtlbillty coefficient of carbohydrate

Source df. SB. KSS. F.

Between treatments 4 30.34 7.58 1.06

Error 45 520.80 7.13

Total
•

49 551-14

VO
yo

Hot significant



,  Table 122 - t
E»4 . .. . n nnil

Analysis of variance—Diffostibillty coefficient of fat_

df. SS. MSS.

i

Scarce

1

l;7B

3etveen treatments 4 2.59 0.74 0.0001 n.ofi

■Error 45 2071.39 46.05
7.18

8-17

Total
'f .

U9 2074-38 :  r«' 7.72

7.92
—  m<m qrj

1C

V

7-21
Bot. significant ^

■?,7'

■7.95

f •

7-52

7.37

ATeca£9 «
6t«aA*r4
fcrer

^  7.284
0.1 0.05

7.621
0.09

1

1

C--4

10
o
o c

t

p ^ V: j



Table 125

Be^ blood cell oonoentsation of animalB xeoeivinir diets F, G, H and I
Diet F—-BoB.C. in fflillions/mmS

Weeks

Sat So, «-—-

0 1 2 3 4

1 6,26 7.53 7.76 7.09 8.49

2 7.64 7.79 7.68 8.15 6.78

3 7.56 7.78 7.71 7.69 8.26

4 7.09 7.66 7.50 7.52 7.18

5 7.71 7.94 7.55 7.79 8.17

6 7.41 7.33 8.06 7.42 7.72

7 7.01 7.12 7.62 7.65 7.92

8 7.60 7.56 7.66 7.45 7.97

9 7.34 7.80 7.54 7.71 7.52

10 7.21 7.41 7.56 7.98 7.37

Average o
Standsprd
Srxox

7.28jt
0.15

7,59+
0.08

7.66+
0.05"

7.62+
0.09~

7.73±
0.16

M

o



■it

Table 124

(R.B.C* in milllone/na^)
Diet G

Veeks
Bat 9o«" —

0 CJ 2 3 4

1 6.go 7.70 7.78 7.94 8.04

r 7-09 7.21 8.21 8.01 8.02

5 7.02 7.50 7.51 8.35 8.37

4^ 6-92 7.02. 7.61 7.94 8.05

5^ 7-35 7.44 7-24 7.59 7.62
& 6.55 7-64 7.8© 7.85 8.09

T 6.71 6.85 7.17 7.90 8.01

B 6.63 7.34 7.55 8.04 8.06

% 7.47 7.36 7.60 7.73 7.96

ia 6.81 6.91 7.10 7.43 7.55

Ayerage a
Standard
Srror

6.964
o.oe"

7.32i ..
Q.09

7.56i
0.16

.  . . 7.88i
0.08

7.9ei .
0.07.

lv>
O
M



Table 125

(R.B.C. in milltons/imn^)
Diet H

Weeks

Eat Ho» —

0 1 2 3 4

1 7-43 7.73 7.98 7.88 7.92

2 6.48 7.47 7.34 7.49 7.54

5 6.09 6.78 7.19 7.94 7.90

4 7-52 7.74 7.75 7.81 7.89

5 7.64 7.33 7.34 7-92 7.88

6 6.88 7.38 7.67 7.82 7.94

7 6.54 6.60 7.69 8.14 8.04

8 7-21 7.30 7.68 7.92 7.87

9 7.01 7.24 7.48 7.64 7.77

10 7-54 7.04 7.55 7.60 7.84

Jl-verage o
Standarft

Srror

7-14±
0.16

7.26+
0.11~

7.56J;
0,07

7.82i
0.06-

7.86+
0.04""

10

o<
V.0



Table 126

(r»3.C« in millions/on^}

Diet X

K, G, H and X

Veeke

Rat Ho,

0 1 2 5 4

1 7.45 7.54 7.73 7.82 7.91 1

2 7.32 7.44 7.96 ■7.97 7.92 M

3 •7.01 7.12 7.91 7.99 8.04
o

4 7.41 7.09 6.22 8.02 8.21 1

5 7.54 7.62 8.18 8.21 8.22

6 7.84 7-94 7.60 8.41 8.52

7 7.54 7.78 7.52 7.82 8.22

e 7.68 7.73 7.81 7.91 • 8.04

9 7.02 6.90 7.04 7.65 7.95
10 7.45 7.62 8,33 8.42 6.51

Average e
Standard
Error

7.43±
0.08

7.461
0.11

7.83+
0.12

8.02+
0.08""

8.15+
0.07



Table 127

hemoglobin concentration of animals receiring diste F, G, H and I

(fiaoBOglobin in g«/100 ml.)

Met P

Weeks

Bat Ho. ——
0 1 2 3  ■ 4

1 13.2 13.9 14.7 15.3 15.4

2 13.7 13.7 14.5 13.9 14.5

5 15.0 15.0 15-0 15.3 15.5

4 14.5 14.8 14.8 14.5 14.6

5 14.3 14.8 14-8 14.8 14.8

6 13.9 14.7 14.8 14.8 14.B

7 14.4 14.8 14.8 15.1 15.2

e 14.3 14.3 14.3 14.5 14.9

9 14.2 14.5 14.6 14.7 15.0

10 13.9 14.5 14.6 14.8 14.8

A7exa{^ 0
Standard

Brror

14.1±
0.15

14.5+
0.13

U.7+
0.06

]

04>-  t•*-90,

14.9±
0.07

I

M
C
\Jt

I



Table 126

(Haoaoglobin In g»/lOO ml*)
Diet G

Weeks

Rat Ho, —"

0 1 2 3 4

1 14-0 14-5 14-7 14.7 14.8

2 13.7 14-0 14.2 14-7 14.4

3. 14-2 14-2 14.7 14-5 14-8

4  ' 14-4 14-7 14-8 14-8 15.4

5 14-1 14-5 14.3 14.5 15.0

6 13,6 14-7 13.6 14-7 15-0

7 14-5 15-0 15.2 15-3 15.4

8 14-0 14-5 14-3 14.2 14-5

9 14-0 14.5 15.1 15-3 15.5

10 14-2 14-4 14-6 14.8 15-0

Avez^ge e

Standard
Error

14-1 +
0.08

14,5i
0,08

14.5+
0.14

14-7+
0.11

15.0+

0.55

i

K
O
ON

t



Table 129

(Haoffioslobln in g*/lOO ml.)

Diet H

Weeks
aav nu. •—

0 1 2 3 4

1 13-5 13,5 14,5 15.2 15.5
2 U-5 14-5 14-6 14.7 15-0

3  ' 13.8 14.0 14.5 15.5 15.7

4 13-2 14.5 14.5 15-3 15.4

5 14-1 14-5 15-5 15.4 15.6
£ 14-2 14.0 14.5 15.0 15.2

7 14-2 14.5 14-5 14.2 14.9
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

Average o
Standard

Error

14.0+
0.16

14.3+
0.13

14.7+
0.22

15.1 +
0.12

■»5.3±
0-08

i

IV}
o

t



'•yjjlWfc

Table 130

(Onemofflobln In g«/lOO ml.) f. 0, a ami *1

Diet I

Weeks
aax AO. ~

0 1 2 3 4

1 14.5 14.5 14.6 15.0 15.4
2 14.7 15.0 15.1 15-0 15-0
5 = 13.7 14.0 14.4 15.0 15.2
4 14.5 14.0 14.4 15.4 15.4
5 14.2 15.0 15.9 15.6 15.5
6 14.2 15.4 15.5 15.4 15.5
7 14.3 14-5 14.7 14.8 15.0
8 14.8 15.5 15.0 15.4 15.8
9 14.3 14.2 14.5 : 14.8 15.1
10 14.5 15.0 15.1 15.7 15.6

etandard
Szrox

14.4^
0.09

14.7+/ ,
0.17

14.9+
0.15

15.2i
0.14

15-3+
0.08

c
a>
I



Table 151

piftamn protein concentration of animals maintained on diets F, G, K and ̂
(Falnea in g./lOO ml.)

and

VDiets

Bat Bo.
F G H I

1 6.5 6.5 6.8 6.5

2 6,8 ■  6.3 6.5 6,5

3 6.5 5.9 6.4 6.8 -
*; *

4 7.1 6.3 6,8 • 7.1

c  5
6

7.0

6.7

6.2

6.4

7-1 : :

6.9 ' ■

6.9

6.4

7.®fr

7

8

■  6.8

6.1

5.9

6.8

6.5

6.3

7.0

6.5
7.961
5,04

9

10 ■

6.7

6.6

6.2

6.7

7.0

7.0

6.8 ■

6.5
'" ' 1

leverage o
Standard

Error

'  6.?
0.08

■  6.3+
0.10

'• 6.7+
0.09

6.7+'
0.08 .

0
VO
1



- --a
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Tat)le 132

Effect of feeding covpea and tur dhal diets at 105^ protein level on nitrogen liaeiB, raw and
autoclaved,supplemented with methionine and tryptopbane (Diets Fp G*

E end l) on red blood cell concentration*
\/ (E.B*C, in millions/mm')

*

Diets
Ko.of

animals

Weeks

r i  10 7-28i
0.13

7.59±
0.08

7.66+
0.05*

'  7.62+
0.09 •

7-73+
0.16

1

ro

es

G 10 6,96±
0*08

7.52+
0.09

0.56+
0.16""

7.88+

0.08

7.98+

0.98

V

i

H 10

0,16

7.26+
0.11"

7.56+
'  0.07

7.82+

0.0^
7.86+
0.04*

1 10 7.43+
0.08

7.48+
0.11

.  7.83+
0.12

6.02+

o.oa"
8.15+
0.07

* Keen values (10 animals/groap) with standard error*



Table 133

Sunmtariaed data* on plasma protein and haemoglobin concentration of animals maintained on diets
F, G, H and I (Vide Tables 12? to I3I)

(Values in g./lOO ml.)

Diets
Ho.of Plasma

Weeks

animals protein
0 1 2 3 4

P 10 6.7+
•<>.08

14.1+
0.15

14.5i
0.13

14.7+
0.0?

U.Oi
0.13

14.9+
0.07

G 10 6.3i
0.10

14.1+
0.08

14.5+
0.08

14.5+
0.14

14.7+
0.11

15.0+

0.53.

E 10 6.7i
0»09.

14*0+
0.1'^ .

14.3+
0.13

14.7±
0.22

15.1+
0.12

15.3+
0.08-

I 10 6.7+
0.08

14.4+
0.09

14.7+
0.17

14.9±
0.13

15-2+
0.14

15.3±
0.06

i

I

-• 10



Tabla 134

Analysis of yarianoe—Red blood cells

Soureo df. SS.

Betwaen treatBonts

Bnor

Total

4

45

49

1.0394

5.1286

6.1680

Bot sign!ficant

•• Si^itfioaet at ij& Isval.

gjsltloa-l dif .araaoai

0.52 mt 5J6 U-al
0.42 at t> Uml

MSS.

0.2598

o- U39

P.

2.28

P . 1439, 5.15.0, B • 15.3, I - 19.3, C • 14^$.

-I

M

lO

I



\

Table 155

Aaalyaie of yarianee—S&eiBoglobin oonoentratiozi

(ff./lOO El.)

I

Source df« SS. MSS« F. m

Betveen treateente 4 4«19 1,Q48 - 9.47#^

Error 45 5.14 0.414

Total 49 9.33

u

•* Significant at IjS level.

Critical differencet

0.52 at 5^ lerel
0.42 at 1^ level

Heap valueai

F . 14.09, G - 15.0, H • 15.3, I - 15.3, C - I4.5.



Bat la.

1

2

Ats--',;--

Sta£ii.?r

t

\
V
a

\
•

•

31at«aie-0*Rlo see.i"; . Tatle 136
,  trsmseaitafcM levels

1.

in '

Analysie of varianoe~Pla8Bta protein

--- - --
(ff*/^00 ml.)

— T--''rTJTl.-

G. '
- -1 . yv-x/v'' "--V- -

Sonrce
-

df. SS. wss.

a

P.

> ?-

1

M

■  '■(i.v
1

Between treatmente 4  1-27 0.3175- 6.0** '4.*-

Error 45 2.38 0.0528 - .
u 15.0

Total 49 5-65

** Significant at 1^ level

Critioal differenoet

0.34 at 5^ level
0.43 at 1?^ level

Hean v^ln^at
f » 6.7, G . 6.3, H - 6.7, I - 6.7, 0 - 6.5.



Rat He.

1

2

3

4

5

6

Table 137

61ttta»ie-0xalo aeetie transaminase and Glutamic-Pyruvic traneeuninase levels
la sezuB and liver of anisials maintained on diets F(G(U and 1*

Diet F

Glatamie Ozalo acetio transaminase Glutaaio-Pyruvic transeuninase

Serum/unita/ml, Liver/units/g.liver Serum/units/al. Liver/unit s/g. liver

Average e
Standard

Srror

98.0

100.0

112.0

120,0

130.0

124.0

114.0+

17.16

525.0

465.0

318.0

374.0

492.0

594.0

428.0i

44.21

215.0

118.0

187-0

201,0

198.0

189.0

: 13.94

' * 4 , »

588.0

612.0

608.0

514.0

438.0

475.0

539.2+

30.23



Bat No<

t

2

5

4

5

6

AV9TBg9 O
Standard

Srror

Table 158

Slet G

Glutaaio - Oral© acetic transaminase

Sezua

units/ml*

123.0

142^0

135.0

130.0

110,0

104.0

124.01

5.99

ItiTar

units/g.

452.0

368,0

546.0,

34Q.0

218,0

415.0

238.9+

45.22

Glutamlo - Pyravlc transaminaee

Serum

units/ml.

187.0

213,0

219.0

192,0

199.0

184,0

199.01

5.81

Liver

units/ff.

458.0

58410

612.0

574.0

535.0

435.0

533.01

29.30

I

10

{



Sat Io«

1

2

3

4

5

6

Avaraga e
Standard

Error

Table 139

Diet H

Glatamic-Oralo acetic transamlnasa

Serom

units/oil.

112.0

109.0

130.0

141.0

128.0

105.0

120.8+

5.81

Liver

ucits/g.

. 495.0

35S.O

554.0

467.0

.514.0

616.0

501.0+

11.27

Oltktamio-Pyruvie transaiolnaea

Serum

unite/ml.
Liver

unita/ff.

208.0

192.0

189.0

218.0

201.0

194.0

200. 3i

4-51

648.0

535.0

438.0

:640.o

535.0

528.0

-554.0+

c 32.18

I

. • ^

r.v -



Bat Hd*

ivaraga o

Standard

Srror

IhtA. tra
TabU UP

Biat I

_ i*; z^a

Glutaalo-Ozalocaoatio transu^inaee Glntaisie-PyruTio transanlnasa

Sexua

119.2ji

4.93

Li-var

unita/g.
Sezuffi

units

Blver

unitfi/g«

461

28.8^

201.3jt

4*22

1 110.0 463.0 215.0 645.0

z 108.0 592.0 206.0 538.0

3 112.0 452.0 199.0 687.0

4 125-0 464.0 208.0 742.0

5 140.0 388.0 187.0 518.0

6 120.0 412.0 193.0 438.0

594.7+

47.04

I

io»
•

OD :

i «



.s

Table 141
c-^-MWBinaee

loveXe :' fiata on liver glyeo^n oon zteat aniaals maintained ^ '
C-- on diets P, G, H and I.

Diets

Bat

KOa P

Liver

G

Liver

H

Liver

I

Liver

1 2-57 2.87 2.58 2.26

2 2.21 2.16 2.67 3.77

3 2-52 2.13 2.83 2.12

4 2-72 2.01 2.62 2.60

5 2.06 2.16 2.50 2-65

6 2.62 2.51 2.84 2.52

dTera^e o
Standard

Error

2-45+

0,10

2.31 + 2-71+ -

0.01

2.65+

0-06

1

ro

VP

i



'jr

Table 142

fiotnurisad data on Glats^io-Omlo acetic traneaminase, Clutamic-Pyruvie transwlnase
loTels in serum and liver of rats fed diets containing' cowpea and tur dhal

at ̂ 0^ protein levels supplemented with methionine and tryptophane.
(Diets P, G, H and I)

Glutamie-Ozalo acetic transaminase Glutamie-Pyruvie transaminaee
Diets

no* oi

aniaals. Serum

units/ml.
Liver

units/g.
Serum

units/ml.
Liver

units/^.

y

w

6 1l4.0y

17.16
428.0+

44.2?
184.7+
15-97

559.2+
50.25 1

tc-

O

1/
r*

:  6 124.0+

-  5.99
23a.9+
45.22

199.0+
5.8?

555.0+
29.50

H

y

6 120.8+

5.8?
510.0+

11.27
200.5+

4.51

544.0+
52.18

I 6 119.2+
4.93

416.6+
28.85

201.5+
4.22

594.7i
47.04

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



Tatle 145

SuEMTlsed data* en glyoogen content of liver recorded in reapect of animals
maintained on diets-F, G, H and !•

(Valnes in g. tissue)

Bletfi
Ho. of
animals

Body
weight of

animals (g.)

Llv«

glycogen

6

i-rvtel

2

6

6

6

6

82.

97.1 +
1-5J

102,8i
$•61

119.6±
4.27

2.45+
0,10

2.31 +
0.13

2.71±
0.01

2.6^
0.06

fO

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



k~.

Table 144

Analys'is of vai^iance-^lutaWc-Oit&lo ace-tu ttaYxsaminaSe >n SaYu«nOun)ts/W>)

Souree df« SS. 1©S, f.

Between feeds 4 520,9 80,225 0»39

Bcror 25 5057.0 202.208

Total 29 2-; ̂ 377.9

Sot significant

ro

10

to

i



Tabla 145

AzialyalB of ▼ariaaoa--&liiztanlo-Ozalo aeotio transamlnase in li7er (units/g)

Soaroe

Betvaan feada

Error

Total

Tr .»■ .

df

4

25

29

-

ss. HSS.

40604.0

201390-0

241994.0

10151.0

8055.6

1.26

lot sig&ifloant

Bat Jignirioast

>0
■ M

^ «

!

W- -



of 146 • • -.-so i.n l.Vfi- ;;;. <■*. •

JUoalsrsis or v&rianee-GlU'Uslc-Pyrtrvlo traDBanloaa* in aosua (units/al).

Sonroa af SS. HSS.

Setvean faate

finror

Total

4

25

29

1110.2

5437.7

4547.9

277.55

137.51

2.08

N>
M
*-

I

Tot significant



.

Table 147

Asalyeie of Tarieaoe-Gltttamic-Pyruvie traneamlnase In liver (unite/g)

- ■#'.

Hot signlfioant

I«t eignlfieent

Source it. SS. HSS. P.

Between feeds 4 954.0 238.5 0?294
Srror 25 202630.0 8105.2

1  :

Total' 29 203584.0 •1

t

M
M
Va

I



ilv«r protein ft&d liy»r .'-at :
rv* -
i/ ̂  V -

Table I48

Analysis of variance-llTer glycogen

saalntaimad on

-^'2 ^rot«in

'J*at

Source df. SS. MSS. P.

Setveen feeds

Error

4

25

0.7674

3.0965

O.I9I8

0.1239

'1.5^®

03

ro
10

-
Total

..1 i
29 3.6639

•' • W
-

10

7u ^
• W « '

7^.0

"■'i i • ■' —

4.02

4.23 Hot significant

.  . ^ »

iy*'^ '

'?.rf

Av«cag* «
St&AAssA

^  tsver
«2.6^
f.ic

5.19+
Q.42

6.29+
0.5<r

A--,
C.ir>

217-2+
26.52

13.57±
0.T5

661-2+
85.57



Table 149

Liver protein and liver fat contents of animals maintained on
Diets F, G, E and I.

Diet F

Sat 9o« Body vt-
Fresh vt-of Liver Total Lipids Total Protein

vt- in g. ft of body vt. ^ of Fresh wt mg/^00g rat ^ of Fresh wt mg^lOOg rat

1 111.0 7.66 6.96 2.84 197.8 15.14 1044.8

2 79.0 5.62 7.11 3.12 221.9 13.38 951.8

5 81,0 6.38 7.86 2.58 203.2 16.45 1295.6

4 ^70.0 4.2^9 6.13 3.44 210.8 15.15 928.5

5 79.0 5.69 7.20 4.04 290.9 17.01 1225.1

£ 81.0 5.14 3.88 2.85 110,4 14.03 543.9

7 100.0 £.11 6,11 3.84 234.6 12.14 741.7

e 74.0 4.80 6.49 5.17 335.3 11.05 716.7

9 75.0 4.02 5.36 4.53 243-8 10,78 577.8

10 76.0 4.25 5.56 2.23 194.1 10.54 586,6

dvera^e e
Standard

Error

62.£<t-
t.a.?

5.19+
0.42

6.29+
0.3^

3.46+
0.29

217.2+
26.52

13.57+
0.75

861.24-

85.57

lo

I



Tablft 150

Slat G

Rat Ho. Body vt.
wt of Llrer Total Llpids Total Protein

wt in g. ^ of body wt. ^ of Preeh wt. mg/l00g rat ?S of Fresh wt" mg/lOOg rat

1 95.0 3.53 3.71 4.12 137.8
2 98.0 3.54 3.61 3.43 123.9
3 104.0 4.99 4.79 3.28 157.4
4 102.0 5.35 3.28 4.54 149.1
5 859.0 3.05 3.40 .6.18 .  210.3
6 94.0 4.64 4.63 5.33 263.1

7  7 105.0 6.29 6.11 4.15 253.4
8 99.0 5.70 5.76 5.16 297.1
9 94.0 ■  5.09 5.41 6.14 332.5
10 93.0 ■  5.59 6,01 5.13. 308.3

Avera^ e
Standard 97.1 +

1.55
4.57+ 4.67+ 4.75+ 223.5+

Error 0,36 0.35 0.32 24.5^

15.78 586.3

16.43 593.5

15.83 759.5
1

ro •
14.55 477.9

16.04 546.1

13. 88 685.1 1

14.55 888.5

16.84 969.6

15.75 852.8

20.14 1210.6

15.98+

0.54
756.9+
71.5



Tabla 1*51

Diet H

Bat Bo* Body vt.
Freeh vt of Liver fotaX Lipide Total Protein

wt in e» 95 of body wt 9^ of Fresh vt mg/lOOg rat 9^f iPbreeh wt mg{#100g rat

1 109-0 7-43 6.82 4.14 282,2 18.44 1325.1

2 102.0 6-32 6.19 8.15 195.2 15.32 949.2

3 92.0 5-80 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 7.12 4-65 324.2 15.35 1093-7

6 114-0 5-45 4.78 6.84 327.0 14-88 711.4

7 125-0 9-41 7.53 5.15 387.7 14.32 1078.0
1

8 110.0 8,66 7.87 4.31 339-3 16.82 1S74.2

9 92.0 5-34 5.8Q 4.35 252.5 21.40 1242.1

10 96,0 6.12 6.24 4.59 286.6 15.55 971.1

Avara^ o
Standard
Srror

102.84-

3-61
6.71 +
0.44"

6-53+
0.28

4.46+
0.85

287-0+
19.57

16.54+
0.65

1080.5+
3SS^96



fiat lo. "Bodj vt.

1

2

5

4

5

6

7

8

9

10

jLTera«« o
Standard

Srxor

112.0

139.0

120.0

101.0

126.0

119-0

139-0

108.0

104-0

128.0

Tal)U 152

Biet I

Presh wt of Livor Total Liplds Total Proteina

wt in ff. ' ^~of body wt. of Freeh wt mg/lOOg rat f> of Fresh wt mg/lOOg rat

119-6+
4.27

5-19

6.49

6.63

4.43

e.6e

5-B5

9.42

6-99

5-74

6.14

6.56+
0-47"

4-63 5.01 139-5 24-85 1151.5

4.67 3-84 179.3 13.14 613-5

5-52 4.11 227.1 16.84 930.4

4.43 4.25 188.5 15-45 685.3

6.89 4.58 315.5 19-43 1338-5

4-90 5-31 260.1 20.15 987-2

6.77 8.02 545-5 15-83 1072.8

6.47 2.01 130.1 16.46 1065.3

5-32 2,58 142.4- 16.85 929-9

4.29 2.64 126.6 15.04 721-4

5.46+
0.11

4.05+
0.55

225-3+
40-43

17.40+
1 .05

w

0

1

949-6+
63-03



Table 153
/

Suamarised data*on Uver protein and liver fat contents of animals maintained on
Diets F, fi and I.
(Vide tables 149-152)

Weight of liver Total lipids Total protein
Diets

so. 01

animals Fresh wt.

(gO
of body
(wt.

^ of Fresh
wt.

mg/lO0g
rat

^ of fresh
wt.

ttg/lOOg
rat

F 10 5.19+
0.42

6.29+
0.36

3.46+
0,29

217.2+
- 26,52

13.57+
0.75

861.2+

/85.57
1

M

U>

G 4.57+
0.3^

4.6t?i
0.35

4.75+
0.52

225.3+
24.56

15.98+
0.54

756.9+
71.5

M 10 6.71 +
0.44"'

6.53+
0.26

4*46+
0.85"

287.0+

19.57
16.54+
, 0.85~

1080.5+ 1

I 10 6.56+
0.47"

5.46+
0.11

4.03+
0.55

225.3+
. 40.43

17.40+

.  1.05"
949.6+
63.01

* Average valnes (10 anlnaXs/gro^p) with standard

F - & - 4.75 3 • 4

error.

I - 4.0? C * >.n



Table 154

Aaalysie of -varianoe~LiTer fat percentage on fjresh basia*

Sooroe df. SS. H3S. F.

Betveett. feeds 4 456.^094 114-1525 5-8.98 ••

Srror 45 65.0420 1-4454
t

Total^ 49 521.6514
\A
M

1

Critical difference

Mean ▼alnea

*• significant at level

1.05 at % level

1.58 at 1?£ level

F - 3.46 G - 4.75 H - 4.46 1 - 4.03 0 - 3.77
.90



Table 155

Analysie of Tarianee-liiTer protein percentage on freeh basis.

Sonroe

Betveen feeds

Error

Total

Critical difference

df.

4

45

49

ss.

112.1555

231.4127

343.5682

MSS.

28,0389

5.1425

•» Significant at 1j5 1ml

- « ? Vw

0.

2.38 at 1^ level O.Vv

1.81 at ̂  Uvel

F.

5.45 *»

u

Mean values

* - 13.57 G - 15.98 H - 16.54 I - 17.40 C - 15.90



*

9^
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Table 156

Internal organ wel^te of animals maintained on
diets Ff G, E and I.

Met F

Veight of organs in g, per 100 cm body surface
Bat Bo. Body wt. Body surface

cm Liver Kidney Spleen Heart Pancreas

1 111 210.4 3-6433 O.568O 0.1356 0.2116 0.1909
1

2 79 172.5 3.2586 0,5656 0.1411 0.1971 0.2378 M
W
4?-3 8f 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
1

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

7 100 193.7 3-0735 0,525a 0.1685 0.1728 0.2260

6 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 0.2569

Avexage o
Standard

Srror

82.64-

4.a$
176.7±
4.95

2.92004-
0.4241"

O.495O4-
O-OI73"

0.15484-
0.0105"

0.1920 4.
0.0045"

0.22864-
0.0077"



TatU 157

Diet G

*or

aa.^ ao» rooy vx«

(sO
Jsooy nrracc

CB Liver Sidney Spleen Heart Panoreaa

1 95.0 192.7 1-8335 0.4002 0.1470 0.1556 0.1975
2 98.0 196.3 1.8050 0.3844 0.1426 0.1773 0.1730
3 104.0 205.4 2.4554 0.4021 0.1497 0.1727 0.1757
4 102.0 201.1. 1.6671 0.3842 0.1289 0.1393 0.2154
5 89.0 185.3 1.6390 0.4161 0,1429 0.1537 0.2239
6 94.0 191.4 2.4266 0.5433 0,1645 0,1798 0.1534
7 1«3,0 202.2 3.1118 0.5504 O.I692 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 O.I654 0.1824 0.1362
10 93.0 190.3 2.9381 0,5079 0.1599 0.1887 0.1265

ATexftge o
Standard

Error

97.1+
1.55

195.2+
1.87

2.3425i
0.0566

0.4732+
0.6265

0.1532+
0.0045

0.17071
0.0054

0.1699+
0.0105

10
u

i

fir



TaT)le 158

Met H

fiat fio. Body vt. Body |arface
g

2
Weight of organ in g. per 100 ca body surface

« oo Liver Kidney Spleen Heart Banoreasu

1 109.0 209.2 3.5510 0.5216 0.1549 0.1821 0.1878

2 102.0 201.1 3-1413 0-4987 O.I607 . 0,1995 0.1699

5 92.0 189-0 3-0695 0.4654 0.1730 0.2072 0.1534

4 90.0 186.5 3.0797 0.4599 0.1829 0.2025 0,1524

5 96-0 193.9 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

a 110.0 210.4 4-1165 0.5295 0.3619 0.2069 0.1494

9 92.0 189.0 3.4146 O.56OO 0.2859 0,2414 0,1584

10 98^0 196.3 2.9766 0.4822 0.2478 0.2201 0.1652

Average c 201^4* 3-5592+ 0.5312+ 0.2208+ 0.2162+ O.I604+
b^dard O.I57I 0.2000~ 0.0224~ O.OO65 0,0065
j£nor -. . - . . . .

I

JV»
U
Ov



Table 159

iiet

Bat« I7o« Body wt« Body Borfaee
em

,pf prgws 4n g. per 100, body ourfaoe

LIt^ Kidney , Splem Heari; Fanoreae

1 112 212.7 2.4436 0.5182 0.2205 0.2174 0.1434

2 159 242.2 2.6^9^ 0.47^. 0.1315 0.2135 0.1563

9 120 221.7 2.9906 0.4424 0.1458 0.1808 0.1322

4 101 199.9 2.2397 0.4191 ' 0.1921 0.1985 0.0850

5 126 228.3 3.8038 0.5165 0.1342 0.2047 0.0771

6 119 220.8 " 2; 6419 0.5055 0.1584: 0.1846 0.1238

7 139 242.2 3.8874 O.5IO6 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

Average c
Standard
Error

119.6+
4.27

220.9+
4.75

3.0552±
0.1747

0,4847+
0.0141

0.1762+
0.0071"

0.2029+
0.0055

0.1131+
0.0089

I

lo



.ir'

Table 160

Saaaarleed data* on inteTnal organ weights recorded in respect of tmim
aaintained on diets F, G, H and I.

(Vide Tables 156-159)

Veldts of organs in g. per 100 cm body sisfaato
oooy w«*

(e.)
j>oay2»uriaoe

OB Liver Kidney Spleen Heart T^creas

P 82.6f

i.ae

176.7+
4.95

2.9200+

0.4241"
0.4950+

0.0173"
0.1548+
0.0105

0.1920+
0.0045

0.2286+

0.0077
t

G 97.1 +
1.55

195.2+
1.87

2.3425+
0.0566

0.4732+
0.6265

0.1532+

0.0045
0.1707+
0.0054

0.1699+
0.0105" u

00

fl 102.8-t>

3.61"
201.4i
4.12

3.5592+
0.1571

0.5312+
0.2000"

0,2208+

0.0224
0.2162+
0.0063

0.l604i
O.OO63

t

119.6+
4.27 -

220.9+
4.75

3.0552±
0.1747

0.4647^
0.0141

0.1762+
0.0071"

0.2029+

0.0055
0.1131+
0.0089

i.-»: ^ ■' •'01 » '■

* Nean values (10 animals/group) with standard Srrori

.:'4.59 as 1^ leTsl

%



Soure»

Betwean feeds

Jtnoi

Total

Table 161

jT'.

Aiaalysis of ▼axiance-vel^t of splewD In g»

df.

4

45

49

ss.

0.0544

0.0777

0.1321

HSS.

0.0136

0.0017

F.

8.00

10
U)
NO

Critical differeneei

•• significant at 1^6 level.

0.0334 at 59^ level

0.0439 at level

Mean valoeei

A V ^

0 - ?.5425 i .

F « 0.1548 6 - 0.1532 B • 0.2208 I - 0.1762

I - 3.>55?

c - 0.2319

f



Table 162

AnalTais of Yftriaiiee<-velght of llrer in g.

Soiree df« SS. HSS. F.

** Signifioant at 1^ lerel.

Critical difference

Between feede 4 5.4472 1.3^18 4.65^

Krro 45 13.1628 0.2925 •

Total 49 18.6100

♦-
O

0.4673 at 53^ level

«.6151 at 1?6 level

Mean valnee

y - 2.9200 G - 2.3425 H - 3.3592 I - 3.0552 C - 2.76O3.

j ' = 0 d • 0,5312 « O,.' ;



-h

m

Table I63

Analysis of ▼arienoe-vaisht of kidney In g.

Sonroe df, SS. mss»
P.

Between feeds 4 O.0355 0.0089 - 2.34*

45 0.1727 0.0038

ri ) 49 0.2082
K

* Hot Significant ^

Cgitioal difference

O.0706 at ^ level

0.0929 at 1?S level

-^ean •valnes

y - 0.4950 G . 0.4732 H » 0.5312 I - 0.4847 C - 0.4500



»> Tal)l» 164

'  AnalTsis of Tarlanoe-velg^ts of heart In g,

It

Searee df. ss. MSS. F. ' . .
A

Betveen fedds 4 o.ozat 0.0055 3.56* ■

Srror 45 0,0699 0.0016 •k.

Satel 49 0.0920 'j.

■

Stanr-3»-

^ ryi:

a. 19

• significant .at 55^ level ?. ♦ 3 O* t?

Crttieal difference . .

0.0322 at 5!S l«el o.,,. o.

0«0424 at level

Itoan valnee

7 m 0.1920 G . ,0.1707 H - 0.2162 I - 0.2029 c - 0.1953.

10
*r
10



Table 165

ZflUTlaence^ diets containing cowpea and tur dhal at 10«^ protein le^el
{Nx6.25) rav and autoclaved, supplemented with methionine

and tryptophane on caecal distension of rats.

Diet F

f •
Rat

Ro*

Body
wt,(g)

vt. of caecum

with contents

(.SO

wt. of caecum

with contents/
lOOe body wt.

wt. of caecum

wi thout

contents
S3i

wt. of caecum

without Cbntartij
lOOg body wt.

CaiL-1. t
..

5 79.0 1.78 2. 25 0,23 0.29
#■
u

e. 8U0 0.82 1,01 0.26 0.32 1

1 100.0 2,06 2,06 0.22 0.21

8 7't.O 1.^6 - 1.98 0,19 0.26

9 75.0 1.36 1.82 0.15 0.19
10 76,0 i.ifS 1.95 0.13 0.17

Average c
Standard
Error

80.8<t>
3.97

1.^19+
0.17"

f ♦

• % 1.85+
0.17

0.19+
0.02

0.19+
0.02



Table 166

Met 6

Bat

Bo*

Body
wt. (g)

vt* of oaeoniB

vitb oontente

ca)

wt* of oaeottffl

oontente/.
lOOs body vt .

wt. of caeouia

without contents

(2>

vt. of eaeonm

without oontente/
lOOg body vt.

5 89.0 2.73 3.06 0.35 0*59

6 94.0 3.77 4.01 0,26 0.27

7 103,0 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

Average o

Standard

Error

95.3t
2.01

4.93+

0*78

5.11+

0.71

0036+

0.03

0.37+

0.03

t

10
*-

I



Tablf 161

Biet B

.1

Rat
Xo.

Body
wt.(e)

vt. of e&ocum

vitb eontente

Cg)

wt. of caoeoffl

with contents/
lOOg^body wt.

wt. of oaseua vt. of caeoun

without contents without contents/
(gj 100 S body wt.

1 109.0 1.51 1.39 0.23 0.21

2 102.0 1.42 1.39 0.18 0.18

3 92.0 1.99 2.16 0.18 0.19

4 90.0 1.25 1.59 0.17 0.17

5 96.0 1.55 1.62 0.22 0.23

6 114.0 1.35 1.18 0.15 0.13

Arvraf* o

Standard

Error

106.5+

3.91

1.5^i

0.14

^•52±

0.14

0.19+

0.01

0.19+

0.01

r»

I

/

\
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• ^able 168

£iei I

Eat

No*

5

6

7

8

9

10

Body

*t.(g)

126,0

119.0

139.0

loe.o

104.0

126.0

vt. of eaeoua

vlth cotttaQts

m

2.53

1-71

2.35

2.21

1.77

2.01

tft. of oaeoun

with oontents/

lOOg body wt.
i-iax-

wt. of eaeonm wt. of oaectua

witfaoQtncontents withoxit cootents/

2.01

1.44

1.69

2.05

1.71

1.57

(13

0.24

0.19

0.24

0.28

0.24

0.21

lOOg body wt,
—liai-.—

0.19

0.17

0,17

0.27

0.23

0.16

I

«■
Cx

I

&v«rago e
Standard
Error

120»7+
5.35

2.09+
0.13"*

1.75+ ■^+'
0.09

0.23+
0.01

0.20+
0.02""



^  169

Snamarised data on caecal aeasarements of rate fed diets containing cowpea and
■  turdhal at 1C^ protein level# raw and autoclaved, eupplwnented,

with jnethionine and trptophane. ^
S --

p 80.8+

5.97

95.3+
2.01

H 100.5+

3-91

I . 120.7+
5.35

Average values With standard error.

wt. of caecum wt. of oaecum wt. of caecum wt. of oaec^ ,
RaDiete Bo^^ eontents with contents/ without contents without contents/ ^

wt.(g) (g) 100g wt. lOOgWyjrt.

1.49± l.eSi o-;"9± I'lp
0.17 <>•''7 0'02 0.02

4-93+ 5-11A 0.36+ 0-37+
0.78"' 0.71 0.03 0-03

1 '51+ 1.52+ 0.19+ 0.19+
5:11- 0.14- 0.01" 0.01

2-09± 1-P± o!™-00.13 .09 0.01 0.02

-j

1

t. i/.



Table 170

Analysis of Taxianoe-wsl^t of oaecum with oontents/lOOg. body wei^t

Source df. ss. MSS. F,

Between feeds 4 63.0512 15.7628 23.21»*

Xrrox 25 16.9779 0.6791

Total 29 8O.0291

ve'-

Crltieal difference

Mean valnea

** Significant at Vfo level.

0.71 at 55^ level

0.96 at 1^ level . 1

P - 1.65 0-5.11 H - 1.52 1-1.75 C « l.'ix

I

70
a-
00

1



Table 171

Analysis of ▼ariane»-w«i£^t of eaacua vithont eontents/lOOg. body
cincl X

Sonros df. SS. MSS.

Betwosn feeds

Srror

4

25

0.1094

0.1320

0.0273

0.0052

Total 29 0.2414

*• Significant at Xf> level.

Critical difference
r>. j  ' ->

0.0801 at 55^ level

0.1083 at level

. M li.

0.7%50

Mean valnesy.i.: •

• 0.19 G - 0.37 H - 0.19 I « 0.20 C- 0.2^
.'J.r>r.-r5

.* ' • • ^ • •

P.

5.25**

■ -

"'.-.55

"TTV

.-7

6?. 7?

69.'•a

65.50*

1.M

M
tr
^0

S



Table 172

Wei g^l■t 0^ pa'ot"'' ca-S b( a-nimalb m r»ed ot» ciie'ts ^ 5 6j,
^  Diet E

Sat
So,

Body vt.
Wt. of

pancreae

cai—.

¥t. of
pancreas/ PeOiereas

dry wt.
Moisture ^

1 111 0.4016 0.3618 0,1459 63-67

2 79 0,4103 0.5193 0.1325 67-70

3 81 0,3646 0,4501 0.1256 65.55

4 70 0.3485 0.4978 0,1584 54.54

5 79 0,4775 0.6044 0.2009 57.92

6 81 0.3772 0.4656 0,1300 65.53

7

«

100 0,4502 0.4502 0.1450 67.79

74 0,3710 0.5013 0.1134 69.43

75 0.3908 0.5210 0.1450 62.89

10 76 0.4331 0.5698 0.14o4 65-50

Average c
Standard
Error

82.6^ 0.«r025±
0^0129 0^0215

0,1

e.0075

6?».05±
1.46

to
\A
o



Table 173

Diet 6

Nt. of Nt. of •

Rat Body vt« pancreas pancreas/ Pancreas

No.
C9 >

dry vt,

1 95 0,3806 o.ftbo6 0.1315

2 98 0,3397 0,3ft66 0.1650

3 10ft 0.357ft 0.3ft37 0.1535

102 0.ft33l 0.ft2ft6 0.0753

5 89 0,ft150 0.ft662 0.2089

6 9ft 0.2936 0,3123 0,ift55

7 103 0.2915 0.2830 0,lft67

8 99 0.3036 0.3066 0,lft56

9 9ft 0,2608 0,277ft 0.1325

10 93 0.3ftl5 0.3672 0.1ft51

——
—

Average e
97. i£
1.55

0.3ftl7+ 0,3528+ o.iftft?
0,011ft"Standard 0.0177 0.0197

Moisture ̂

65. I
51,I|2 to

VA

57.05

82.61 *
119.66

50.

It9.67

52. O^

^9.19

57.51

63.50+
7.03



Table 17^

Diet H

Rat

Ro.
Body wt.

vt. of ,

paxvc^reae

iS'^ -

wt, of

pancreas/
lOOg, rat.

Pancreas

dry wt.

135—

Moisture

1 109 0.3929 0.3604 0.0660 83.20

2. 102 O.j'll? 0.3350 0.1085 68.24
1

3 92 0.2899 0.3151 0.1320 54.46
ro

Mk ■ 90 0.2842 0.3157 0.1214 57.28

5 96 0.3779 0.3936 0.1693 53.19 1

6 0,2735 0.2399 Q..II53 87.84 1

7 125 0.3266 0.2612 0.1541 52.81

8 110 0.3144 0.2858 0.i431 54.48

9 92 0.2994 0.3254 0.1054 64.79

10 98 0.3243 0.3309. 0.1354 52.08

Average 5 ,03
StaTidara ^ ̂
Error

0.3225±
0,0122

0.2833+
0.0490

0.1271±
0,0096

63.04+
4.11

,  T



Effect :•? dtets •
iC--*, 'V -

a

Table 175

Diet I

Rat Ho. Body
wt. of

Pancreas

wt. of

pancreaey
lOOg, rat

1 112 0.3050 0.2723

2" 139 0.3780 0.2723

5 120 0.2930 0.2441.

z» 101 0.1699 0.1603

5 126 0.1761 0,1375

6 119 0.2731 0.2294

7 139 0.2417 D.I738

8 108 0.1559 0.1444

9 lOif 0.2490 0.2394

10 128 0,2584 0.2(319

■ ^ unS -^toclaT9d»

■j r*.^ ft f

Average c ^^9^5^ 0.2500+
Standard 27 0.0218
Error

0.2075i
0.0511

Pancreas
diy wt.

194

Moisture ^

0.1421 53-40

0 . 11 25 70.28 '
0.1541 47.40

0.1379 18,83

0.1136; 35.49
0.15<)0 45.07
0.t4io 41.66

0.0800 48.68

0.1450 41.72
o.i84'5 28.59

0.1361+
0.0089"'

43.11+
4.42

.j

'•ji
I

Vb
U>

1



Tabla 176

1/

Bffact of diets eontaininfir eowpea and tur dbal » raw and autoelaved,
at 10^ protein level ifith supplements of methionine

and try-ptophanof on the weight of pancreas.

(Diets F, O, H and l)

-

Diets
wt. of

rats

wt. of

pancreas

m

wt. of

pancreas/ pancreas

dry wt. Moistnre ̂

F 82. ̂4-

U26
O.i»025+
0.0129""

0.U9IH +

0.0215"
0.1441+

0.0075"
64.05+
1.46"

O 97.1*
1.55

0.31H7+
O.OT77

0,3528+
0.0197"

0.1449+
0.0104"

63.50+ ...
7.03"

H 102.84
3.6T

0.3225+
0,0122""

0.2833+
o.oUpo"

0.1271+

0.009^
63.04+
4.11

I 119.

**.27
0.2500+
0.0218~

0.2075+
0,0511"

0.1361+
0.0089

43.11+
4.42

— ?S- <r*lux~-

3 « 0,352a a « 0.2833

X • e.t975 c « a.%156

\fi
*-

I



THIRP gESXKS y «XP:

Table 177

wel^t ta t:. • • ^.itocJaved cowpae and
iaalysie of variance-Pancreatio welgbta

• • • "

Soaree df. SS. MSS.

Between feeds

Error

Total

k

^9

0,U983

0,3710

0.8693

0.122i6

0.0082

.*« significant «t 1^ letwl.v.o

Critical difference I .'^.C

0,102*1 at 5i^ lewel

0.13*»8 at 1^6 lerel,

101.0

97.0

Mean Talnesi

F.

c

S-^KBdard

F B ff » 0.3528

I ■ 0.t075 C ■ O.M56

H *

■'3. 6^
2.95

15.11**

y-r-

95.0

101.0

107.0

i2o.g

119.0

120.0

107.«>♦

t

10
Ui
Nji

I

\



raiRD SERIES OF EXPERIMENTS

Table 178

Body weight in g, oF animals receiving diets containing autoclaved cowpea and

tur dhal at 18^ protein level on nitrogen basis

t>let J

Weeks

b No. -

0 1 2 3 4

1 ^9-0 58.0 67.0 77.0 91.0

2 62.0 78.0 87.0 99.0

3 U5.0 57.0 77.0 83.0 95.0

h 46.0 58.0 76.0 84,0 101.0

5 46.0 58-0 73.0 84.0 107.0

6 42.0 61.0 85.0 101.0 120.0

7 43,0 61.0 79.0 97.0 119.0

8 4l .0 63.0 78.0 96.0 120.0

I

Ut

I

Average c

Standard

Error
0.28

59.8+
0.25

76.64;
1.28

88.6+

2.95

107.0+



Table 179

Diet K

Veeks

Rat No, —

0 1 2 3 1*

1 ^4,0 5U.0 65.0 71*.0 81 .0

2 51.0 57.0 71*.0 81*.0 96,0

3 ho,o 53.0 68.0 78.0 88.0

U ^*3.0 57.0 71.0 82.0 91*.0

5 1*3.0 61.0 80.0 88.0 99.0

6 51.0 58.0 6it.0 71*.0 86.0

7 1*9.0 56.0 66.0 72.0 80.0

3 1*7.0 52.0 61.0 71.0 82.0

Arerase e
Standard

Error

1*6.0+
l,kt

56.0+
1.03

63.6+

2.17

77.9+

2.19

88.3+
2.58

fO

-j

I



♦
Table 160

call g.og>e*r or n Diet L
'i.«ined on diet* J, X end L

Wrt

Veekfl •  - •

0 1 2 3 k

1 ^^5.o 69,0 87,0 103.0 121.0

2 Jio.o 60.0 76.0 90.0 103.0

3 4o.o 61.0 80,0, 92-0 107.0

h ftl.O 63,0 81,0 93-0 110.0

5 63.0 81.0 lOij.O 129.p

6 U5-0 66*0 82.0 102,0
4

118.0

7 **2.0 6U,0 83,0 99.0 125.0

8 J^^.o 59.0 77-0 102.0 118.0

Average c

Standard

Error

U2.5+
0.23

63,14.
1.15

00  •-0••
98.1 +

1,97

116.U+

i ,01

I

Ui
OD

I



Table 181

R*d blood coll concentration of animals maintained

Diet J

on diets J t K and L

. -

Veeiks

0 1 2 3 k

1 6.50 6.07 6.35 6.in 6.51
1

2

3

7.02

7.^2

7.oh

1.7Z

7.25

7.56

7.83

7.7I1

8.2fc,

8.5^

to
Vjt

i

7.80 8.02 7.88 7.1^ 7.22

5 7.89 7.98 7.8U 7.99 8.86

6 7.69 5.6if 7.^9 7.86 7.95

1 6,h7 7.05 7.UI

00
9

8 7.03 7.39 7.'^3 8.^01 7.17

ATorago c
Standard

Error

7.23±
0.19

7.0H+
0.16

7.35+
6.17

7.5'i±
6.19

7.83+
0.28 -  .



Table 182

Diet K

Weeks

0 1 2 3 4

1 7-10 7-04 7.11 7.20 7.25

2 7.U5 7.58 7.56 7.78 7.24

3 7.^3 7.80 7.84 7.95 8.60

k 6,45 6.50 6.60 6.91 8.26

5 6.04 6.14 6.25 6.58 8.51

6 6,00 5.89 6.43 7.03 8.60

7 6.78 7.51 7-53 7.84 8.36

8 6.13 6.13 6.14 6.54 7.39

Average e

Standard

Error

6.67*
0.21

6.82jf
0.26~

6.93+
0,23

7.22+

0.19

,  8.02+

0.22"

K
OS
o



■hi

Table 183

7? ^ ^ j r I*.-! T ' rir; . Diet L -!• ji^te J. iK and L

Veeks

RAV llO »
0 1 2 3

1 7.10 7.02 7.50 7.63

2 7.^*3 7.70 7.*17 7-59^ 8.48?

5 7.35 7-27 7.30 7.45^ 8.31'

6.91 6.27 7.01b 7.54 7\6f

5 6.5*1 6.99 7.84 7.9!^ 7.8*P

6 7.01 6.56 7.01 7-45

7 6.59 6.99 7.10? 7.43' 8.4#

S 6,5*1 6,62 7.35^^ 7.85 8.03^

Average c
Standard
Eiror

6.93*
0.12

6.92+
0.16""

7.32+
0.01

7.61 +
0.01

8.08+
0.12

M
0\



Table 18^

Ha«ROglobln concentration of aninals maintained on diets J* K and L

Diet J ■  -

Weeks

Rd V .WO » •••

0 1 2 3 k

1 13-7 1^.3 1^.4 1*1.5 14.7
1

2 13-0 13.8 13.7 15.0 15.0 M.

3 12.8 13.7 13.5 13,6 13-9
>»,

h 13.0 13.'i 13.8 1*1.0 14.5 1

5 12-7 13.5 13.3 1*».0 i4.i

6 13.'l 13>8 13.2 U.I 14.4

7 12.6 13.0 15.0 15.0

8 li».0 15.3 13.^ 15.3 U.5

Average e
Standard

Error

13.25 +
0.16

13.80+
0.27**

13.78+
0.27 0.21-

14.51+
O.I 4 - •



Table 185

Diet K

ttTeeks

E5at No. —
0 1 2 3 4

1 13.5 13.8 13.7 14,1 14, 2

2 13.8 Il»,1 III,8 14,9 15.1

3

h

13.2

13.2

13.6

1^.3

lU.O

H.5

15.1

15.2

16,0

15.0

1

10
C\
u

5 13.2 1^.0 14,1 15.0 15.3 1

6 IU.8 15.3 15.3 14.2 16.5

1^.8 ih»6 14.6 1^*0 14,9

8 13.3 12,7 14,2 15.0 14,0

Average c
Standard

13,60+
0.19"

13.97+
0.25

14,40+
0,18""

14 ,88jh
0,18""

15.12+
0,29



.1 plaatt* oosevBtre■i9ii&
i*T.' ' .

Table 186

-  • -- ••Diet L ■ •■ ■

Veeks '
Rat No. :

_  0 ■* _ f l_

1  13.7 15-2 15-2 . 15-1

2  lil.8 15.0 15-2 12-^1 15-^

3  U.7 15-0 15.3 15.« 15.6 V"^'' '
'  - ■ -' to

h  13.8 13.6 ' 15.0 15.^ 1^.7 gl

5  iff.O " : 16.1 - 15.8 15.0 15-0 '
6  lU.1 ii».i 1^.5 15.2 15-^ -.+1-01
7  14^3 . . 15.0 15.0 15.4 15.0,
8  ih,3 14,0 14.2 15.8 15.4

ATerage 5 i4,21+ 14.67+ 15.02+ 14.93+ 15.22+
Standard o.U" 0.28~ 0.17~ 0.12 0.11
Error



Tat)l» 187

.  Snaearlsed data* on body volfht^ red blood eell, haemoglobin and plasma protein eoneentrations
^  of animals maintained on diets J, K and L.
T  (Tide Tables 178-186)

Siete
Mo» of

Bays on experiment

animals
0 7 14 21 28

veii^t (g.) 44-5+0.28 59.8+0.25 76.6+0,95 88.6+2.95 107.0+4.43
J 8 R.S.C.(mill./nB^) 7-23+0.19 7.04+0.16 7.35+0.17 7.54+0,19 7-83+0.28

Haraoglobin (g./lOO ml.) 13.6+0.19 13.9+0.25 14.4+0.18 I4.9+O.I8 15.1+0,29

vei^t (g.) 46.0+1,44 56.0+1,03 68.6+2.17 77.9+2.19 88,3+2.58

K 8 E.B.C.(mlll./nm') 6.67*0,21 6.82+0.26 6.93+0.23 7.22+0.19 8.02+0.22

Baemoglobin (g./lOO ml.) 15.5+0.16 13.8+0.27 13-8+0.27 . 14.4+0,21 14.5+0.14

wei^t (g.) 42,5+0.23 63.UI.i5 80.9+1.22 98.1+1.97 116.4+1.01

L 8 B.B.C.(nill./nm') 6.93^.12 6.92+0.16 7.32+0.01 7.61+0.01 8,08+ai2

HaoBoglobin (g./lOO ml.) 14.2+0.14 14.7+0,28 15.0+0.17 14.9ip.12 15.2^.11

10
On
X.II

* Hean valnes (8 animals/groap) vitb standard error.



Table 1S8

Analyela oT varftance-welffht gain

Soorce df, SS. HSS. F.

Between feeds 2 2052.79 17.13**

Error 21 2516.38 119.83

• Ti •- int
** Significant at 1^ level

Critical vainest

11.38 at 5^ level
15.39 at I5S level

Mean valuest

J a 107.0, K s 88.3# L s 116.

I

10

Total 23 6621.96 S
.  . . ... I



Table 189

Analysie of varlance--Red blood cells

Source df. S8. MSS. F.

Betveen feeds

Error

Total

2

21

23

0.28

7.92

8.20

O.lU

0.377

0.37 1

14

a

i

Not significant



g^in, f*«4

Table 190

Analysis of variance—Haemoglobin
* re<4 4iets

Scarce

Rat %

Betveen feeds

Error

Total

df. SS. M8S.

2

21

23

2.38

23^.06

236.

P

1.19 0.02

11.15

I

10

a
OP

c

I

Not significant

4T*ri«v 4.

ftrv«r

<4

'f«

' .9*

0.11



Table 191

Vmlght gain, feed consumption, protgin efficiency values of animals fed diets
J, K and L at 18^ protein level

t>iet J

Rat No*
Initial
vt.(g,)

Final

wt.(g.)
Vt* gain

Ce.)

Food

Intake

( g- )

Protein

intake

(s.)

Protein

efficiency

value

1 ^*9.0 91.0 k2,0 187.2 33.7 1.25

2 99,O 55.0 217.8 39.2 I.'JO

3 ^*5.0 95.0 50.0 172,8 31.1 1 .61

U U6.0 101 *0 55.o I6U.7 29.6 1,86

5 107.0 61.0 l6ir.7 29.6 2.06

6 U2*0 12^.0 82.0 215.1 38.7 2.12

7 hj,o 119.0 76.0 225.0 U0.5 1.88

8 h^,o 120.0 79.0 217.8 39.20 2.02

Average c
Standard

Error
0.28

107*0+

h.k'S
62.5-»-
1.65

195.6+
9.21

35.2+
1 • 6^

1.87+
0.11

I

0\
NO

I

.-•1



Table 192

Diet K

Initial Final Vt. gain

(g. )
intake intake efficiency

No. vt,(g.) wt.(g.) (g. ) 9g.) value

1 ktt.o 81-0 37.0 130.5 23.5 1.57

2 51.0 96.0 U5.O 1*4 *4.0 25.9 1.7*4
t

3 ito.o

0
•

00
00

US.O 1*4*4.0 25.9 1.85

0

1| Uj.O 9I4.O 51.0 179.1 32.2 1.58
t

5 hj.O 99.0 56.0 162.0 29.2 1.92

6 51.0 86.0 35-0 1*43.1 ^  25.8 1.36

7 U9.0

(•

80.0 31.0 136.8 2*4.0 1.29

1

8 147.0

« •

82.0 35.0 118.8 21. *4 1.6*4

Average e

Standard

Error

U6«0+
O.Ut

88.3+
2.58

U2.3+
3.17 6.57

25.9+

1.3^
1,6+_
0.07

. . , t

0.2t 0.05



Table 193

Diet L

Sat
Ho.

Initial

Veis^t (g.)
Final

Wei^t (g.)
Weifiiit

gain (g.)
Food

intake (g.)
Protein

intake (g.)
Protein

efficiency value

1 45.0 121.0 76.0 207.0 37.3 2.04

2 40.0 103.0 63.0 189.9 34.2 1.84

5 40.0 107.0 67.0 206.1 37.6 1.78

A 41.0 110,0 69.0 186.3 33.5 2.06

5 43.0 129.0 86.0 220.5 39-7 2.17

6 45.0 118.0 73-0 218.7 39.4 1.85

7 42.0 125.0 83.0 216.0 38.9 2.13

a 44.0 118.0 74.0 193.5 34.8 2.13

Average c
Standard

Error

42.51
0.23

116.4+
i.oT

73.9+
2.75

204.7+
4.75

36,9+
0.27

2.00+

0.05

t

lo

T



124

StumBarlsed data* on vel^t gain, food intake* protein intake^
protein efficiency valuee* iwi. eS^i^ieitooF valaee
oxnd of aniaalB maintained on diets J* K & L.

Siete

Initial

body wt.

(«)

final

body wt.

is)

vei^t
gain

(g)

food

intake

(fi)

jnroteln
intake

(g)

protein
effioieney
values

fed
effteiency
valuee

J
^  •>

44-5±

0.28

107.0J,

4.45

62.5+

1.65

195,-6+

9.21

35.2+

^  " 1.66
1.77+

0.11 '

1

M

(0

X ,88.3+ 42.3± 114-8+ 25.9+ 1.61_+ 1

0.44 2.58 3.17 6.57 1.34 0.07
•

L 42.5+ 1l6-4i 75-9+ 204.8+ 36.9+ 2.00+

0.25 1.01 2.75 4.75 0.27 0.05

^ Average of 8 aniiaals per group with standard error.



"n.

rrr-

Table 195

Aoalysis of varianee-Protein efflelenoy yaluo.
•nd

Soixreo

nax

1N>.

Oritleal difference

df. SS. MSS,

Betveen feeds 2

Error 21

Total 25

0,5877

1.5360

1.9237

0.2938

O.O656

Meaa values

• *SignificRiit at 1^ level.

0.26 at level

0.36 at 1^ level

J . 1.77 K - 1.61 L - 2.00

%

3

P.

4-6*«

rr.*

)0
-<1
u



Tabl# 196

Sffaet of foedln^ Diets M, K* Ot D 9n6 Q containing raw and

autoclaved cowpea and tur dhal on roprodaetion and lactation

Diet M

Body So. or Av. birth Total litter No. of Average
wt. of yoang ones weight of wt, at young ones w««n4wi<».

rats (g.) bom yoon^ones birth (g.) surri-red wt, ̂ gf) '

1  181,0 5 5.1 25.5 3 16-5 i

2  155.0 6 h,9 29.3 5 18.0 ^
3  175.0 8 U.U 35.0 6 I'l.S i

k  102.0 U 5.3 21.1 h 18.5

5  180.0 5 ''.5 22.^ 5 17.5

€  159.0 5 ^.5 22.U 5 19-0

ATerage e . . . .

Standard 173.7 5.5 *1.8 25.9 **.7 17.*i
Error



Tabl« 197

Diet H

Rut

Ro«

Body No* ot
wt. of young ones

rats (g.) bom

Av. birth Total litter No. of
weight of wt. at young ones
young ones birth (g*) survived

—

Average

weaning
wt. (g.)

1

Z

3

5

6

158.0

165.0

130.0

177.0

17*1.0

156.0

5

U

5^

U

5

h

hA

5.3

3.*1

3.8

3.9

22.2

21.1

17-2

*5.2

19-*i

17-6

4

3

h

k

3

j

k

15.5

1*1.5

15.0

15.0

16.5

17.5

M
-.-J
VH

Average 160.0 *1.5

• • j

*1.2 18.8

r.7.3

3.6

3.''

IS.-?



Table 198

Diet 0

Rat

Ko.

Bo<Jy

et. of

rats (g.)

No. of

young ones

bom

Av. birth

weight of

young ones

Total litter

wt. at

birth (g.)

No. of

young ones

survived

Average

weaning
wt. (g.)

1 159.0 5 5-2 25-8 5 ,25.0 1

2 185.0 6 5.-2 31 .2 6 22.5
ic

Ov

3 192.0 5.0 30.2 6 ,25.0 1

k 158.0 5 5»1 .25.^ 5 26.5

5 178.0 6 U,7 28,2 6 28.5

6 187-0 U.8 19.2 k 25.5

7 190,0 7 5.0 35. 1 20.5

8 155-0 5  - k.6 23.3 5 25.0

Average 175.5 5.5 27.5 5.5 2A.8



Table 199

Diet P

Rat

No.

Body

vt, of

arate (g^)

No. of

young ones

born

Av, birth

weight of '
youn^^ones

Total litter

vt. at

birth (g. )

No, of

young ones

survived

Average
weaning
vt. (g.)

T 1^1.0 8 h.k 35.5 6 20.8.

2 155.0 9 3-6 32.2 8,. 19-^

3 19^,0 2 h.k 8,8 2. 21.5

k 16S.0 2 5.3 10.7 2i. 22.0

5 192.0 8 4,8. 38.7 S 15.5^

6 189.0 8 ^.3 15.0

7 169.0 3 h.2 12.6 ... . 3 i?.o__

Arerage 172,6 5.7 2't.7 5.3 . . 19-0

I

10

i



Table 200

.4 < e • • Diet Q • tf'.K- -^ r>.

Rat

Ro.

Body .'
vt. ot

rate (g*)

Ko. of

young ones

bom

Av. birth

weight of
yoim^^ jnoe

Total litter

wt. at

birth (g.)

No. of.

young ones

survived

Average

weaning
vt. (g.)

1 160.0 2 h,3 9.0 2 19.5

2 153.0 5 h,5 22.6 3 20.5

3 163.0 6 ^.5 27.0 k 15.8

h 130.0 5 3.^ 17.2 5 18.5

5 177.0 k 3.7 U.9 U 20-5

6 158.0 5 it.o 20.1
.> 3 ...V

16.5

7 169.0 5 ^.5 22-7 5 18,0

Average 158.6 i».6 ^.2 19.1 18.5

t

-M

GO

I
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Table 201

Effect of diete M, H, 0»P and Q on reprodnction and lactation

Diet Diet Diet Diet Diet

N N 0 P Q

10 10 10 10 10

1. No* of female x*at8 mated

2. No. of fertile femaleA 6 6 8 7 7

3. No. of young bom 33
.

UU 32

No. of young survived 28 22 hh 37 28

5. Litter size 5.5 ^*.5 5.5 5.7 h.6

6. Average birth vt. in g* U.8 ^-2 h,9 *1.1

7. Average veaning wt. in g. I?.** 15.7 2*1.8 19.0 18.5

M

NO



mmam

Tti* re.wlts Abtalnitd rturln* th« oou*«6 of tba

pr.»«nt MtMAy «re diflGu«»«d tm4«r ■•pa-'nt® henda.

gXByi' JKJttmg Of KOtPRRtl^^

te<!iA4_llii>u yAth. r>v nnd
cqntMi.nios 10< ncotm^^ ttft '-nU

fti-ovth

l^rom th« HRKnmriaotf dat* on Ix.dv w«jrttt p]-A»Mit«^
In 25, rBpr«Hf*nT«.-l ir ?Nrrrft« i n»d 5 wad fro* tl*»
.t.tl.tlool „
l^wwi K DiscurssioHIs '•I ii b<t aofin t ' • ' ««I•  "• I'ow oowpoa {WLj*#
A) «.<! «v t,„- d.-.,l ' ,„, :,
th» ar*v«.K* v«.li;ht. KU« or ,nli.Ml« Jiirtng tho »*p,rli.o«t«l
period oi h bolog a.o g, „d O.S ,. l-o.pootir.ly,
•« egotn.t !>1.9 K. oht,tn«l with tho oontro I ,il„t C. A«
'Agordo diets oentalni.ng outooloTed co«;*e« (riot d) ood
.atoolowwl tor dhtl (met »), bo,h dt,t. pre^t, ,r„,th
of rat., tbo oworeg. oj.lB i„ „ight ,i„rU.g th. orp.rlinontel
P.ri.,., or A W..W, h,i„, tS.X g. .«d gc.t po„,„tiw„,.

Th, rorult. «l,„rjy ln<ll«,t, th.t oUhongh l.rin«
Of ooop.. .„d t„r dhoi pr.««,„ th.lr growth pr„-«tt«,
•bllltr.o. .1,, diot, ooololnlhg th.., tw,. (pi.t, „



FIG. 3

GROWTH RATES ON DIETS A,B,C,D&E
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and B) are far inferior in this respect to the control

diet containing 10^ casein (Diet C}*

Datok on food consumption of animals fed the different

dipts 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 Thble 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 jrav cowpea and raw tur dhal respectively,

register significantly lower protein efficiency values as

compared with the control diet containing casein (Diet C).

There is no significant difference between the two raw

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 lover values as compared with the control

diet (Diet C).
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Nitrogen balance ^

From the summarised data on nitrogen retention

presented in Table 27* represented in Figure 7 and from

the statistical analyses of the results given in Table

31t it can be seen that rats maintained on the Control

diet C retain significantly higher nitrogen than those

fed the raxir as well as the autoclaved cowpea and the

tur dhal diets (Diets A and B respectively and Diets D

and E, respectively* animals receiving the autoclaved

pulse diets (Diets D and B) showing significantly higher

values 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.

Pigestibilitv Coefficients

Summarised data on the digestibility coefficients

of protein, carbohydrate and fat presented in Table 28,

and the statistical analyses of the results given in

Tables 32, 33 and Jk respectively, clearly indicate that

values for the digestibility coefficients of these

nutrients in autoclaved cowpea and autoclaved tur dhal

diets (Diets D and B respectively) are significantly

higher than for those in the respective raw diets ( Diets
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A and B. Diets A and B show no significant difference

between themselves in this regard. Digestibility-

coefficients of nutrients in the control die-t C are

significantly higher than those of nutrients in the

other diets (Diets A, B, D and B). According to Jaffe

(1950) the low protein digestibility of legume grains

has been observed not only among species but also among

varities of the same species. For example, Ca.ianus ca.ian

showed a protein digestibility of 59¥> in contrast to other

varieties in respect of which values as high as 90^ were

obtained.

Blood Values

Ihe summarised data on red blood cell and haemoglobin

and plasma px^tein concentrations presented in Tables h6

and hy respectively and the statistical analyses of the

respective results given in Tables 'iS, U9 and 50 reveal

no significant diffenences between the diets At B and C

in their ability to support these formed elements of blood.

Concentration of glutamlc^exalo acetic transeminase and

glutamic^Dvruvic tranaaminaae In gerum and liver

Ihe summarised data on the glutamic*»oxalo acetic

transaniinase and glut ami c>pyruvio transaminase in serum
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and liver 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 atthou^ the raw cowpea diet (Oiet a) and the

^  raw tur dhal diet (Diet b) give comparatively lower

values for glutaraic pyruvlc 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 8llght|y higher values

are obtained on the control diet (Diet C) euid on diet

^  containing outoclaved cowpea and tur dhal (Diets D and

B respectively).

Liver fat and liver protein contents

From the summarised data on liver fat imd 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 7^

respectively, it ceui be seen that animals maintained on

diets containing raw cowpea and raw tur dhal (Diets A

and B respectively) ehow significantly higgler liver fat



FIG. 8

' ̂ effect of diets A B.C.DSvE effect of diets

ON OVER PROTEIN CONTENT. ON LIVER PROTEIN CONTENT.

DIETS

OIETS

o

wi' ,«<

DIETSDIETS



FIG. 9

EFFECT OF DIETS A.BX.DStE

ON LIVER FAT CONTENT.

EFFECT OF DIETS E.F.C 81H

ON LIVER FAT CONTENT.

DIETS 8.

6.

5  5J

X

13

o  3-

£

a.

1-

X  '
o

ui
5  $

(n
UJ
ce
u.

o

o
o

^ 3

s , a.

DIETS

!  i

0

t) I E T S DIETS



-2657 -

and r-o,-}.'-- . 'tu'.r a^jJ.wola

eontent as compared vith those receiving the control
•  I ' ' ' " ' : . , It' nTknl

diet C and the autoclaved tur dhal and cowpea diets
,  ! t a

(Diets D and K respectively). As between the autoclaved

pulse diets (Diets D and e)* no significant difference
• r.. i i ly

la observed.

As regards the liver protein content, no signlficcmt

difference is disjarnjible between the diets (pi.ets A» B,

C, D and E) used in the present study, •,. +■

INTERNAL ORGAN WEIGHTS ' ' cavort

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 8l, it would ; ;

appear that the autoclaved pulse diets tend to increase-

significantly the weights of liver, 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 weljd***

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 covpea and raw tur dhal

(Diets A and B) show significantly higher caecal weights

as compared with those receiving the control diet C.

As between the 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 B)i

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)»

Pancreas^

From the summarised data on pancreatic weights of

animals, presented in Table 95 and from the statistical

analyses of the results given in Table 9^, it can be seen

that animals maintained on the control diet (Diet c) and

on the autoclaved pulse diets (Diets D and E) show

significantly lower weights for pancreas' as compared

with those fed the raw pulse diets (Diets A and D)»

While no significant difference is seen in pancreatic

weights between animals receiving raw cowpea diet (Diet A)"

and autoclaved cowpea diet (Diet O), a significantly

higher pancreatic weight is observed in the case of I  . .
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animals maintained on the k rav tur dhal diet (Diet B)

as compared with those fed diet containing autoclaved

tur dhal (Diet E),

\

SECOND SERIES OF EXPERIMENTS

Feeding trials with rav and autoclaved cawnea ^nd tnr dhm

diets each containing 10< protein on nitmgen basts. sunn1«..
mented with L-methionine and L-trvntophono

.Growth

The summarised data presented In Table repre

sented in Figure ft and statistical analyses of the results

set out in Table 11? 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 ft

weeVs being 28,5 g, and ft3.6 g, as against 2,0 g, and

0.8 g. respectively obtained on the raw cowpea and raw

tur dhal diets in the first aeries of experiments (Tabls

No.25). Aa bet.oon tha tvo amlno acid supplemantad ra,
OOKpea and raw tnr dhal dleta (Dlota P and G reapaotlv.ly),
a Blgntfieantly higher growth rat. la obtained with th.

latter. Aa r.gard. th. amino aoid aupplemanted autoclaved
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pulse diets (Diets H and l), 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

-x^than diet H containing autoclaved cowpea. It is seen ^

further that the autoclaved pulse diets supplemented /
with raethionine and tryptophane (Diets H and l) promoteT

significantly higher growth in rats than the control )
0' ^

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 F) but on the other supplementation of autoclaved

tur dhal with methionine and tryptophane (Diet l) brings

' ' /: about on feeding significantly higher rate of growth than

i both the raw and autoclaved tur dhal (Diets B and B).

Protein efflciencv values

Prom the summarised data on protein efficiency

values presented in Table 1lU. represented in Figure 6 ,

statistical analyses of the results detailed in Table 118

l.-'S I
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and from a critical comparison of the results *itlixthdse

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 l) with methionlne

and tryptophane significantly enhances their protein o

efficiency values. As between the raw pulse diets

supplemented with methionine and 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

claved cowpea and tur dhal diets supplemented with

methionine and tryptophane (Diets H and l), it is seen

that significantly higher protein efficiency values are

obtained for sa both these diets as compared with the

control, the supplemented tur dhal diet (Diet l)

registering a significantly higher value than ths amine

acid supplemented autoclaved cowpea diet (Diet Tl).

Nitrogen balance

Prom the summarised data on nitrogen retention

presented in Table 115» *'opresented in Figure 7, statistical

analyses of the results set out in Tahle I19 and from

a critical oomparison of the same with those obtained
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in the First series of experiments (Table 27)• it can

Ibe seen that autoclavlng covpea and tur dhal (Diets R

^  yand X) brings about on methionine and tzyptophane suppleme*

I niation significantly higher nitrogen retention in rats than

1  the raw pulse diets supplemented with methionine and tryp.to-

phane (Diets P and 6)» maximum nitrogen retention being

obtained in the case of the control diet* As between the

amino acid supplemented raw and autoclaved cowpea flour

diets (Diets P and H) on one hand and tiie amino acid

supplemented raw and autoclaved tur dhal diets (Diets 6

and H) on the other* there is no significant differenee*

Digestibility coefficients

Ihe 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

'^^Sestibllity whether the diets contain raw or autoclaved

cowpea (Diets F emd H) or raw or autoclaved tur dhal

(Diets O and l)« 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 araino acid supplemented

autoclaved cowpea and tur dhal diets (Diets H and l) no

significant difference is observed in the dlgestlbllity

of protein* Protein is found to be most digestible in the

control diet. In regard to fat. supplementation with

methionine cmd tryptophane (Diets Ft G', H and X) does not

appear to increase its digestibility. On the other hand*

digestibility of carbohydrate in the amlno acid supplemented

raw cowpea diet (Diet F) is significantly increased as

compared with the amino acid supplemented tur dhal diet

(Diet Q), In the case of the autoclaved pulse diets (Diets

H and l), supplementation with methionine and tryptophane

does not bring about any benedicial effect on the digesti-

billty 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 13^* I35 and 136 respectively and a critical

comparison of the results with those obtained in the firet

series of experiments (Tables U6 and ^7) reveal no significant

difference in red blood cell and haemoglobin coneentratiens

between animals maintained on cowpea and tur dhal both raw
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emd ̂ utoclaved with and without supplementation of methlonlne

and tryptophano (Diets G* H and l)« As regarcfe plasma

p»>telnt significantly hi ̂en concent nation Is d^i^snned

in animals reoelvlngf raw cowpea diet sutiplementad with

methipnlne and tryptophane (Diet F) as compared with those

maintained on the amlno acid supplemented raw tur dhal diet

(Diet G).

Concentration of glutainlC''onalo aeetlo and

Glutamlc pyruvlc transamlnase in serum and llvar

Summanlsed data on ̂ lutamlo*03calo acetic transeunlnaae

and slntamio-pymvlc transamlnase In serum and llyer presented

In Table ilia and statlstleal analyses of the aresults si"^^

In Tables itU to 1^7 dearly Indicate that animals receiving

the various diets (Diets Ft Gt H and l) show no significant

difference in respect of these enzyme concentrations* However*

rats receiving the amlno acid supplemented autoelaved oowpea

and autoelaved tur dhal diets (Diets B and l) show slight

Increase in glutamic-pyravic transamlnase in serum and

liver over those of rats maintained on diets containing

raw oowpea and raw tur dhal supplemented with acids

(Diet F and G respectively).
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Concentration of glycogen in livar

llie summarised data on liver gl/cogen presented

in Table 1^3 and the statistical analyses ot the results

detailed in Table 1^8 do not show any significant difference

in the liver glycogen content between the animals fed the

different diets (Diets F, G, H and l).

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 15^ and 155 respectively and a critical

comparison of ttie 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

tryptophane (Diet O) possess significantly higher liver

fat content as compared .with those maintained on the amino

acid supplemented raw oowpea diet (Diet F)* As between

the autoclaved pulse diets supplemented with methionine

and tryptophane* no significant difference is observed

(Diets H and t).

As regards liver protein content no significant

difference is observed between animals receiving the various

diets used in the present aeries of experiments (Diets F,

a, H and I).
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INTERNAL ORGAN T/EIGHTS

Liver, apleen* kidney and heart

From tbe eummarleed data on Internal org^an weights

presented In Table 160 and from the results of statistical

analyses detailed In Tables l6l to a significantly

higher Increase In the weight of livers of rats maintained

on diets containing raw oowpea supplemented with methlonlne

and txyptophane (Diet F) is dlscemf.ble as compared with

those of animals fed the amino acid supplemented tur dhal

diet (Diet O). As between the animals maintained on the

two autoclaved pulse diets supplemented with methionine

and tryptophane (l^ets H and l)^ no significant difference

is observed in the liver weight* Apparently, the diets

(Diets F, o» H and l) do not appear.to exert any slgnifioant

influence on the weifilits of heart and kidney,

Caecae

The sununarlsed data on caecal weights with and

without contentsf presented in Table 1^9 and statistical

analyses of the same detailed in Tables I70 and 171

respectively show that caecae with contents of animals

maintained on diet O containing raw tur dhal suppl©w®**ted

with 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 acid supplemented autoclaved cowpea and

autoclawed tur dhal diets (Diets H and I respectively),

no significant difference is observed in this regard.

Animals receiving the different test diets (Diets

F, G, H and l) show no significant difference between them

in respect of wei^ts of caecae without contents.

Pancreasfc

The summarised data on pancreatic weights presented

in Table 176 and the statistical analyses of the results

set out in Table I77 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 dlfferencs

is obsexrved. 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 dhal.
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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 ̂  al. « 196O and

Alumot and Kitsan, 19^1)• Although several reasons have

advanced and conjectaresmade in regard to this phenomenon

(Lyman and Lepkovsky, 1957l Melnlck et, ai., 19^6 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 obsnisve

The results of the present investigation do not furaish

any channel to get an^ insight into the complexity of this
problem in as much as conclusive information as to the

concentsation of one or more of protease inhibitors and

their effects on the physiological responses of the animals

, in these two pulses, vis,, cowpea and tur dhal, is hardly

available from literature,

THIRD SEBIES OP PYPPRIMENTS

Feeding trials ''^ith autoclaved cowpea and tur dhal diets
each containing 18*^ protein on nitrogen basis

Data presented in Tables 178 to 180, summarised in

Table I87 and statistical analyses of the results given in

Table 195 show that animals receiving the autoclaved cowpea

diet at 18^ protein level on nitrogen basis (Diet 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, wel^t gain comparable with

|| that observed on the control diet (Diet l) Is not obtained
en the diet containing autoclaved oowpea (Diet J)«

'■iit'L'i «'V'
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Protein efficiency values *•

Tlie data presented in Tables 191 to 193* their

summarised values in Table 19^ and the results of statisti

cal analyses given in Table 195 reveal that the tvo 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 results given in

Tables 189 and 190* it is evident that the experimental

diets (Diets J and k) 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 autoolaved

cowoea and tur dhal diets each containing 18?K protatn on

nitrogen basis

It will be seen from Table 201 that the percentage

conception of animals receiving the raw oowpea and raw

tnr dhal diets (Diets M and N) is comparatively less in
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both instances than that of anitnala maintained on the

control diet 0, rate receiving diets containing autoclaved

^  cowpoa and autoclaved tur dhal (Diets Pand Q reapectivaly)
«  showing no appreciable difference in the percentage

conception between themselves or as compared with those

receiving the control diet 0.

Diets containing dn^i^trogen basis 18^ raw cowpea

proteint I85S raw tur dhal protein, 18^ casein, 18^ auto

claved cowpea protein and 18^ autoclaved tur dhal protein

(Diets M, K, 0, P and Q respectively) do not seem to exert

any influence on the litter size (Table 205). A sli^tly

j  lower birth weight is observed in the case of the new bom
of animals fed diets containing raw cowpea and raw tur dhal

(Diets M and N) as compared with the same of new bom of

animals maintained on the control diet 0* Ihe raw cowpea

diet (Diet m) appears to bring about hi^er birth weight

as compared with the tur dhal diet (Diet N). The birth

weight of young of animals rnceiving the raw cowpea diet

(Diet M) Is comparable with the same of those bom of the

control animals* As between the new bom of animals

receiving the autoclaved cowpea (Diet P) and the autoclaved

tur dhal (Diet q) no 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 diets (Diets M and N) are lower than the
same of those of the control animals* weaning wei^ts 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*

rrom a critical assessment of the overall results

obtained during the course of the present investigation,

it is evident that both raw tur dhal (cajanus cajan) and

raw cowpea (Vigna eat-jang) at 10^ protein level in the
diets on nitrogen basis will not support growth in rats

unless these pujsos are autoclaved and fed. This obser

vation is essentially in agreement with that reported in

the literature (Niyogi et , I93I1 Swaminathan, 1938|

BPschers and Aekorson, 1950| Jaffe, 195^1 Subba Rao and

Subramanlan, 1950jUirwe and Magar, 195"'» Esh and Som, 1952|

Veldon and Peterson, 195^1 Phansalkar, Patwardhan and

Ramachandra, 1957tSlias et • 196^1 Braham et al«,19651
Dako ^ al,,196^1 Devadas e^ *!•1 1967| Tara ^ al« «1972;

and Vijayalekshmy , 1972)«
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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

receiving these diets as well as of those maintained on

the control diet were nearly the same.

The significantly hi^er growth rates observed in

animals fed the autoclaved pulse diets positively suggest

the presence in these pulses of heat labile antiproteolytie

factors as has been reported in the case of several legumes

(Bowman, ; Kunitz, 19^5* ^6, U7a, Uyb, ̂ 8|

Borchers et al..19^7 I Jaffe, 1950l Sohonie and Ambe;1955>

Sohonie and Bhandarksir, Sohonie, 1959at

Sohonie e^ , 1959j Honavar et al. ,1962 and Jones al. ,

1963) inclusive of cowpea and tur dhal (Borchers et al,,

19^7- end Sohonie and Bhandarkar, 1955)*

It has been reported (ViJayaraghavan and Srinivasan,

19531 and Chltre ̂  &1.'* ^956) that the limiting essential

amino aoids in the proteins of cowpea and tur dhal are

methionine and tryptophane. Feeding trials carried out

previously by the author of the present thesis fbr the

Masters* degree (Slvaraman, I969) had shown that methionine

and tryptophane supplementation to a synthetic diet eontain-

lag cowpea protein at 10< level brings about a signmcantly
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higher growth response in rats than that observed either

on the control diet containing 10^ casein or on the

synthetic diet containing 10^ isolated tur dhal protein

supplemented with methionine and tryptophane. Tt was

observed further that animals maintained on diet containing

105^ cowpea protein showed a positive growth response when

the diet was supplemented with methionine in the 5th

weekt tryptophane alone in the 6th week and both methionine

and tryptophane in the 7th week, the average weight gains

being 1*».8g. , 6,8g. and 18.Ug. respectively. Likewise,

animals receiving the synthetic diet containing 10^

tur dhal protein also showed a positive growth response

when the diet was supplemented with tryptophane in the

5th week, methionine alone in the 6th week and both trypto

phane and methionine in the 7th week, the average weekly

weight gains being 6.2 g. 7^,1 g. and 18.2 g. respectively.

The average weekly weight gains of animals receiving the

diet containing 10^ casein (control diet) during the 5th

week, 6th week and 7th week wore 5.5 g, 6,0 g, and

respectively. The changes in weekly body weight of animals

brought about by the withdrawal of methionine and tryptop^rt^ne,

one at a time or both at weekly interveds from the diets

(Diets B and f) also indicated that the most limiting
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essential amlno acid in cowpea protein is methionine

and that both methionine and tryptophane are limiting

in tur dhal protein (Vide Tables IV and V in Appendix).

Data given below» on the amino acid contents of cowpea

and tur dhal proteins obtained by chromatographic analysis

(Plate l) lend further evidence to support this ir.ferencei

Amino acid content in cowpeat tur dhal and their proteins

(g./lOOg.) . )

Amino acids

Cowpea

Flour Protein

Tur dhal

Flour Protein

Tsoleucine 1.1 *1.3 0.9 u.o

Leucine 1.3 6.2 0.9 5.3

Lysine 1.1 6.^1 0.9 6.3

Methionine 0.2 Uh 0.1 0.8

Phehylalanine 1.2 5.2 1.5 6.7

Threonine 1 .0 3.7 1.0 ^.5

Valine 1.1 0*8 3.6

It is interesting to observe that supplementation

of autoclaved cowpea and autoolaved tur dhal with methionine

and tryptophane further enhances (P^O.Ol) the growth



Plate No.l

Cowpea
protein

Paper chromatogram of covpea and tur dhal-'

acid hvdrolyaates

II

Cowpea
flour

III

Tur dhal

protein

IV

Tur dhal

flour

Amino add
Mixture

1. Le||clne

2. Isolenclne

3. Phenylalanine

Valine

5. Methlonlne

6. Threonlne

7. Lyslne.
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of rats maintained on these diet8(Dlet8 H and X)*

This observation is essentially in keeping with the

findings of Devadas et al» . (19^7), Vijayalekshiny ̂  al.

(1972) and Jaffe (19^9» 1950) with tur dhal and of Thompson

and Simpson (1973) and Sherwood ̂  (193^) with cowpea.

Vhen autoclaved tur dhal and cowpea wore fed at

protein level on nitrogen basis (Diets J and K) it was

observed that animals receiving the autoclaved tur dhal

diot (Diet K) gained weight during the experimental period

of 28 days hZ g. only as against 63.0 g. and 73. 9 g,

respectively by those fed the diot containing autoclaved

cowpea (Diet j) and the control diet (Diet l). It has

been reported (Vijayalekehmy ̂  » 1972| Sohonie and

Bhandalkar» 1955) that tur dhal possesses higher trypsln

Inhibitor activity as compared with cowpea. According

to Jaffa (195?®') those legumes which have the highest
trypsin inhibitor activity xl are also those in which the

V./ digestibility as measured vivo in rats is most improved

by cooking. The observation made during the course of the

present study In this regard Is essentially in keeping with

that observed by Jaffe (195®^)

Autoclaved pulse diets without supplements of amino

acids (Diet P, 0, H and l) appear to exert beneficial effects

■' .''/i
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on nitrogen retention, liver protein, and red cell, haemo

globin and plasma protein oonoentrations - physiological

functions specifically dependent on the quality and quantity

of dietary protein.

Since the number of animals employed for reprodu

ction and lactation studies was too small, no attempt was

made to statistically analyse the data obtained thereon.

Tlie results, however^ tend to show that the diets used

in the present study apparently do not show any appreciable

difference in their ability to support these physiological

functions.

Considerable literature has accumulated on the

concentration, and characterisation and nutritional aspects

of protease inhibitors in several legumes (Liener, 1950;

1958» 1962j Borchers, 1965j Rackis, 1965? Blrk, 196I1 Mickelson

and young, 1966} Putzai, 1967? Kunita, 19^»5, 19^^?,

19^81 Blrk » 1961, 1963? Tauber ̂  nl« » 19^9?

Honavar and Sohoni«, 1959? Bowman, 19'*^? Honavar et al..

19621 Sohonie and Bhandarkar, 195)^} Sohonie and Ambe, 1955?

Borchers al« , 19^7) and even in some ceredils (Shyamala

al. . I96I1 Polanowokl, 1967? and Shyamala and Lyman,

196^). Beneficial effects bvought about on growth responee

by heat treatment an^ o»f»e«cp<>eAtds^ on accouAt of the
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destruction of protease inhibitors totally or mostly.
1969^

However, according to Lienei/j^ 97^) many facets of the

subject are still kn controversial and unexplained so that

a final evaluation of the Information at hand is still not

possible.

Moat of the work on the 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.. 196UJ

Bowman, Weatfall and Hauge, 19^8| Liener, 1973

and Bressani and Ellas, 197^). Comparatively very little

work has been carried out in respect of other legumes,

particularly so as applied to tur dhal (Ca.ianus ca.lan)

and cowpea (Vigna cat.lang). Besides the work of Esh and

Som (1952), Hlrwe and Magar (1951), Cktyco and Asenjo (l9^5)t

Dako (1966), Jaffe (1950), Braham et al. (l965)t Hlrwe

and Magar (1953)» Phansalkar et al. (1957) and Basu and

Haldar (1939) on tur dhal and of Swamlnathan (1937),

Kiyogi ̂  al. (I932)t Jaffe (19^19). Richardson (l9*i8),

Chaves et (1952), Brassani et al. (19^1) and Braham

ai. (1965) on cowpea hardly any work could be traced

from literature in regard to these two pulses of vital

importance to developing country like India. According to
Bressani (1973)^ supplying adequate amounts of high quality

protein to the increasing population in developing countries
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Is not an easy endevour and the time for the nutritional

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

beneficial results obtained during the course of the present
/

nvestigation in regard to these two pulses via., covpea

and tur dhal, on autoclaving and on supplementation with

the limiting essential amino acids methionine and txyptophane,

are therefore to be reckoned as significant and of paramount

importance in feeding practice from point of view of

national health and wealth. In fact that it is so has been

indicated by Swaminathan (1971)•
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SUMMATTf

Three eerlea of fooding trials vare carried out

using growing albino rats as experimental subjects daring

the present investigation in order to assess (l) the

comparative effects of feeding raw and autoclaved cowpea

and raw and autoclaved tur dhal incorporated in the diet

each at 10^ 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 physiological functions on supple

mentation with methionine and tryptophane and (3) the

improvements brought about in respect of the various

physiological functions when autoclaved pulses are incor

porated in the diets at 13^ 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, viz., tur dhal

and cowpea. salient observations made during the

course of the three series of experiments carried out

during the course of the present investigation and the

obviously important Inferences drawn from the results

obtained are given below, aeries viset-
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FIRST SEBIES OF EXPERIMENTS i i-T wt

(1) Diets contalnins raw cowpea and raw tur dhal eaeh^'-'T
containing 10^ protein on nitrogen basis do not
support somatic growth in rats.

(2) Both autoclaved cowpea and autoclaved tur dhal

diets each containing 10<^ protein on nitrogen basis

promote growth of rats, the average gain in wdlgh^t

in both instances being essentially the same.

(3) Autoclaved cowpea and autoclaved tur dhal diets

are inferior to the control diet in promoting

growth response*

{U) Growth rate is not influenced by food consumption

as little variation is shown in this respect between

the animals fed the different diets*

(5) 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.

(6) In regard to nitrogen retention the results show

the sane trend as protein efficiency values*
I

antoelHved

tf .e. .
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(7) Digestibility coefficients of nutrients In the

autoclaved cowpea and tar 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 red cell^haemoglobin and plasma

protein concentrations.

(9) Glutaraic oxalo acetic transaminase and glutamio

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 study.

(11) Diets 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



- 310 -

(12)

(13)

1

(ll»)

1

i- .

(15)

7
4

CO

pulse diets no sisnlf^eant difference is observed.

As regards the liver protein content no significnnt

difference is diecem.^ble between the diets used

in the present study.

The autoclaved pulse diets increase significantly

the weight of liver* kidney and heart as compared

with raw pulse diets.

The raw cowpea and raw tur dhal diets bring about

on feeding significantly hi^er eaecal wei^t 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.

On the autoclaved pulse diets* significantly lower

weights for pancreas are obtained as compared 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 obseived

in the case of animals maintained on the raw ttir dhal

diet as compared with the diet containing autoclaved

tur dhal.

•  I . , ' < - , li*
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SECOHD SERIES OP EXPERIMEMTS

(1) Diets containing raw oowpea and raw tur dhal both

supplemented with methionine and tryptophane promote

growth in rats in contrast with the results observed

in tiie first series of experiments with raw cowpea

and raw tur dhal without supplementation with these

limiting amino acids. Significantly higher growth

rate is obtained in the present series of experiments,

with diet containing tur dhal as compared with that

containing oowpea.

(2) As regards the amino acid supplemented autoclaved

pulse dietst both promote significantly higher growth,

diet containing autoclaved tur dhal exertihg

significantly higher influence than diet containing

autocl^ed cowpea.
-i

(3) / Adroolaved pulsO' diets supplemented with the limiting

amino acids, methionine and tryptophane promote

significantly better growth in rats than the control

diet.

Cl) Supplementation of diets containing raw or autoclavpd

oowpea and raw or autoclaved tur dbal, with methionine



and tryptophane si^lficantly enhances their

. J
protein efficiency values.

(5) This autoclaved cowpea and tur dhal diets supplemented

with methionlne and tryptophane register significantly

higher protein efficiency values as compared with

the control diet, the amlno acid supplemented tur dhal
/

diet signt^lling and significantly hi^er value in

this regard than the anino acid supplemented

autoclaved cowpea diet.

(6) Autoclaving cowpea and tur dhal brings about with

or without methlonine and tryptophane supplementation

a higher nitrogen retention in rats than the raw

pulse diets» maximum nitrogen retention being obtained

in the control diet.

(7) As between the amlno acid supplemented raw and

autoclaved cowpea diets on one hand and the anino

acid supplemented raw and autoclaved tur dhal diets

on the other, no significant difference is obaemred

in nitrogen retention.

(8) Supplementation with methionine and tryptophane
y

^significantly enhances protein digestibility in diets

irrespeetlve of the fact, whether the diets contain

raw or autoclaved cowpea or rew or autoclaved tur dhal.
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(9) Supplementation with methlonino and tryptophane

does not Influence the digestibility of fat while

carbohydrate digestibility is seen to be significantly

increased in the case of the amino acid supplemented

raw cowpea diet as compared with that in the aminp

acid supplemented tur dhal diet.

(lOf Supplementation with inethionine and tryptophane

does not bring about any beneficial effect on the

digestibility of carbohydrate either in the case

of autoclaved ccvpea diet or in the case of autoclaved

tur dlial diet.

(11) As regards red cell and haemoglobin concentrationst

1 no significant difference is ob8erve<SnBetween~tlta—-

animals maintaine^~bn the various die Is. In p respect

of plasma protein concentration! huwuvei', a signifi

cantly higher concentration oif plasma protein is

observed in animals receiving the raw cowpea diet

supplemented with methionine and tryptophane as

compared with those maintained on the amino add

supplemented raw tur dhal diet.

(12) In respect of maintenance of glutamlc oxalo acetic

transaminase and glutamlc pyruvie transaminase levels

in sesnim and liver and liver glycogen content*
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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 supplen^ited with methlonine

and tryptophane, significantly higher liver fat

content is observed as compared with that obtained

on the raw cowpea diet supplemented with these

anlno acids.

(I**) As regards liver protein no significant difference

attributable to the diet is observed.

(15) A significantly hiaiier increase in the weight of

livers of rats maintained on the diet containing

raw cowpea supplemented with methionine and tryptophane

is discerniible ae 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 ae compared with those of animals fed the amino

^  acids supplemantod autoclaved cowpea and autoclaved
tur dhal diets showing no significant difference

in this reepect.

briefly.

i  . l' ' ' iaU
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(17) Significantly higher pancreatic weights are observed

in the case of rats maintained on diets eontainig

raw covpea supplemented with methionine and trypto-

phane as compared with the same of animals receiving

an isoproteimic tur dhal diet. As between the aralne

acid aupplemented autoclaved cowpea and tur dhal

diets* there is no significant difference.

THIRD SRRIES OF EXPERIMENTS

(1) Autoclaved cowpea diet at 18^ protein level on

nitrogen basis promotes a significantly higher growth

response than an isopiroteliDlc tur dhal diet.

(2) As regards protein efficiency, the two pulse protein

diets do not show any significant difference between

them,

(3) 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 not indicate any appreciable

difference between the diets in their ability to

support physiological functions such as reproduction

and lactation.

Iho significance of the above influences is discussed

briefly.
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Pulses constitute the chief source of dietary protein 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. Prom nutritional point of view, pulses not only
supplement cereals (Bressani, et ai 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 nutritive values and supplementary
effects of wide varieties of pulses baa been carried out (VenkitaEao
et at 1964), comparatively very little work baa been done in this regard
with cow pea [Vigaa eatjang) and tur dhal iCajanus cajan)- two impor
tant sources of nibrogenoua foods for man and livestock. It was then-
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 uutritive values of cow pea and tor dhal, choosing albino
rats as experimental subjects and weight gain and red blood cell (E.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 Metooda

Diets Three isoproteimic diets were used in the investigation,
one containing 10 parts of cow pea flour (Diet A), another containlug
70 parts of tor dhal flour (Diet B) and the third containing 18 parts of
casein (diet C), Diet C served as control. The composition of the
^iets 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 lb 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 comimition u/the d'.tts with average food intakee.

Diet
Cow
pea

flour

Tur
dbal
flour

Aaiylum
Protein
supple-
ment

Hydro-
genaled
vegeta
ble oil

Sucrose
Salt*

mixture

Average
daily food
intake in

gm.

A 70 — — 3
(Cow pea
proteiul

S 17 S 61

B 70 3-9
(Tur dhal
proleinj

5 16 S 5 2

C — —
60 18

(Casein)
5 12 5 3-5

* Steen bock — Nelson Salt Mixture (Steen bock and Nelson, 1923; Pearson,
Blvebiem and Heart, 1937i No. 40 plus 0 -03 Percent Cu So^ SH2O

Animals: Forty two youQg albioo rats of the Cjlleg'=' stock colony
ware distribated into groaps of 14 each, as evenly as possible in reg'vrd
to age, weight aad aex. The animals were housed in individual cages
with raised screen bottoms. The three groups of animals were maintai
ned on the respective diets (Diets A, B and Cj for a period of 28 days.
In addition to the diets, all animals were given "'Adexolin" (Gluxo)
corresponding to 300 i.u of Vitamin A and SO i.n. of Vitamin D per rat
per day, 3. mg. of Vitamin E (0= - tocopherol) per tat once a week and
the following daily supplements of water-soluble vitamins of the B
complex! thiamine hydrochloride 50 ̂ g., riboflavin 50^g , pyridoxin
hydrochloride 100 ̂ /g., nicotinic acid 100 ̂ g,, calcium pantothenaic
100 yug. and choline chorlde 5 mg. The animals were fed adhbmd
were weighed once a week. Daily food intake records were maintained.

Matertals: Cow pea and tnr dhal required for the preparation
of the experimental diets A and B were purchased locally, dried at 80®C.
in a hot air ovan and powdered first with the aid of a Wiley milland sub
sequently with pestle and mortar. Proteins from cow pea and tnr 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 (NHtlg SO4,
redissolvlng the precipitates in water followed by (iUration and repre-
cipltatioD by heat coagulation at 100°C. The heat coagulated proteins
were washed free from (NH^lg 8O4 and dried with acetone. Casein
required for the study was prepared from skim milk powder according
to the method described by Cohn and Hendry (11130).



164 riih INDIAN VETERINARY JOURNAL

Methods The chemical composition of cow pea and tat dhal
was worked onfc following the standard methods described in A.O. A.C.
(AsBOciation of Official Agrlcnltnral Chemists, 1955). For the determi-
nation of r. b. o., haemoglobin and plasma protein concentrations, the
procednre 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
centrifngatioD of the blood withdrawn by heart pnnctnre from the
animals maintained on the respective diets (Diets A, B and 0). Sodinm
citrate was nsed as the anticoagnlant. Plasma protein determinations
(Total plasma nitrogen x 6-25) were made only at the beginning and at
the end of the experiment. Non-protein nitrogen was not eetimated.

Heeults and Olecusslon

The chemical composition of the two pnlsea is set ont In Table 2.
The data indicate that essentially, cow pea and tnr dhal possess more or
less an identical chemical composition. The average valaes for weight
gain and r.b.c., haemoglobin and plasma protein concentrations of the
three groups of animals are presented in Tabled. The resnlts were
statistically analysed according to the method described by Snedecor
(1956).

Table 2

Percentage composition of cow pea and tur dhall

CoDstKueots Cow pea Tur dbaf

Oloistute 6-2 6-9

Crude protein 21-4 20-2

Etbu extractives I'S 19

Crude fibre 4-6 1-2

Nittogen free extract 620 66 9

Asta 45 2-9

Cbo 0-35 0-99

P.Oj 0-52 0-V3

Since pnriGed proteiriB of cow pea and tnr dhai were not nsed 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 valuea with standard error for Body weight {gin.) and B, B, G.
{milllmm^), Hb. {gm.llOO ml.) and Plasma protein concentrations

(gm.flOO ml.) of rats maintained on different diets.

Diet
No. of
animals

Days

0 7 14 21 28

A 14 Weight
R. B. C.
Hb

Plasma
protein

61±2-19
7-66±0-33

lI-9±0-15

B-7I

68±30J
8-01±0-l&
12-0±0-l6

70±l-58
8-S9±0-22
12-1±0-19

77±3-47
8-63±0-25
13-8±0-9!i

80±3-72
8.86±0.28
l4.4±0-43

6-93

B 14 Weight
R, B. C.
Hb

Plasma
protein

62±2-05
7-S8±0-27

12-1±0-19

S-91

50±2-58
8.18±0-24

12-8±0-21

58±2-66
8-36±0-13
12-3±0-34

6l±3-40
a.4T±0-28
13-4±0-19

65±8-01

8-5i±0-22
14-0±0-31

6-12

C 14 Weight
R. B. C.
Hb

Plasma
protein

62±a-20
6-96±0-lii
12-0±0-l6

S-93

67±8-05
7-85±0-18

12-4±0-18

73±3-26
a.47±0-2l
12-S±0-14

78±:t-40
8-36±0-13
lS-9±0-22

86±4-07

8-2±0-22
l4-4±0-32

6-53

Vs

0'9l

Statistical significance of gain fn weight between diets
■ t * values

A  C Vs B A Vs B
3-95 • 314 •

* Significant at i% level.

It will be seen from Table 3 that the animals fed the control diet
C and those maintained on the isoproteimic diet A show a growth
response of 28-0 and 19-0 gm. respectively during the experimental
period 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 farther reveals that diet A is nearly as effective as the
control diet C in inducing growth in the rats, as the difference between
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the final weights attained by these two gronps is not statistically aignlfi-
cant. It is thus seen that cow pea possesses a good qnallty protein
sontce and that the nntritive valne of cow pea protein for promoting
growth is superior to that of tnr dbal protein. This inference is found
to be in accord with the assessment of the probable nutritive values of
these two pulse proteins from a knowledge of their respective amino
acid compositions (Patwardhan and Kamachandvan. 1960).

It will be evident from Table 3 that all the three diets support
the concentration of r.b.c., hemoglobin and plasma protien in the tats,
as animals in all groups maintained normal levels for these constituents
thronahout the course of the experiment (28 days). It will be seen
further that diet B which does uot support somatic growth in the rat
promotes lbs formation of blood proteins 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 fnnction 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 protein
supplementation or to protein deficiency, these esperimenta had to be
carried ont on adnlt rats rendered anaemic by phenylbydrazine as
described by Yeshoda and Damodran (1947).

Rate of recovery of rats maintained on diets A, B and C from
Phenythydrazme anaemia

The resnlts of this investigation as also the statistical 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 ibth day of the experi.
ment, there is a significantly higher rate of regeneration of haemoglobin
in the case of animals receiving the control diet G during the period, the
dieiB A and B showing no eignificant difference between them in their
ability to promote haemoglobin synthesis. In regard to body weight,
it is fonnd that animals receiving diet A show a slight gain in weight
comparable with that of animals maintained on the control diet 0 con*
taining casein, while in marked contrast, those fed diet B show a signi-
ficant reduction in weight daring the experimental period. It is quite pro
bable that from the breakdown of body tissues, additional amounts of snch
limiting amino acids in tur dhal protein as tryptopban, metbionine and
histidino (Fatwardhan and Bamacbandran, {toe. cit) might have become
available for haemoglobin synthesis in the case of animals receiving
diet B, as otherwise it is quite uulikely that these animals could have
shown haemoglobin levels comparable with those of animals maintained
on diet A.
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Tablb 6

Statistical significance of the data p■ resented tn Table 4 ('t' values )

Groups
compared

Body weight gain
(between 0'28th day)

Rate of regeneration
of R.B.C. (between

dtb - 16tb day)

Rate of regeneration
of Hb (between
4th - t6tb day)

C vs. A DO 0 45 2-76"

C vs. B 6-26* 1-70 2'19'»

A vs. B 4 M* 127 P-7P

Significant at 1% level.
•* Significant at 5% level.

Ad asseBsraent of tbe ovet'all ceeults of this loyestigatlon polotB
to show that tbe protein of cow pea posseBsea a better nntritive value
than that of tor dhal. However. Its superiority in this regard over tut
dhai protein can be explained in qualitative and quantitative terms of
amino acid requirements of the rat, only after further experimentation
with purified diets with and without supplements of the varying
limiting amlno acids in the respective proteins.

Sommary

Tbe nutritive values of cow pea {Vigna catjang) and tur dhal
(Oajanus cajan) were investigated using albino rats as the experimental
sobjectB 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 a 18% protein level on nitrogen
basis promotes, on feeding for a period of 2ti days, a significantly higher
growth response in the rats than tur dhal supplied through an Isopro-
teimio diet. The growth rate obtained with cow pea flour is found to
be essentially the same as that observed with a control diet containing
Jb% casein as the sole source of nitrogen. While no significant
difference Is noticed between the diets in their ability to support the
formation of red cell, haemoglobin and plasma protein In tbe normal
growing rats, assessment of the haemopoietic response In adult animals
by the phenylhydrozine anaemia technique showed that for promoting
haemoglobin formation, tbe two pulse protein diets are less efiicient
than the control diet containing casein. Tbe significance of these obser*
vatioDs is discussed briefly.
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Summarlaed results of the work carried out by the

author for the awaid of the M.Sc. degree:
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Experiments were carried out with young albino rats

as experimental subjects to study (l) the comparative effects

of feeding cowpea and tur dhal at 18^ protein level (on Nitrogen

basis) on growth and red cell*haemoglobin and plasma protein

concentrations and (2) assess the relative ability of the

iaolatSd 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 and liver fat contents* The effects of the diets

on feeding on the haematopoeitic responses of animals

rendered anaemic by intraperltonial injections of phenyl- ^

hydrasine were also assessed during the course of the !

present study*

I  If
a

M  «

P
o

1 .1
!5

r
«

» *

p
1  I

i- u

•3

I *1

■j;



Table I

Percentage composition of experlaental diets.

70.0

Slete Covpea Tor dhal Asjrlua
flour flour

Szperiaent 1

k  10.0

B  —

C  —

fixpeziaent II

S  —

6cr.o

— 5t. *0.^65^0

f.T- y

P

G»
oT

65.0

I

65.01

65.0

65.0

Protein

supplement«
Protein Hydrogenated Suaroee Salt*
eouroe vegetable oil Mixture

5.0

oowpea protein

5.9
tor dhal protein

16.0

casein

10.0

co%rpea

protein

10.0

tur dhal

protein

10.0

oasein

10.0

cowpea protein

10.0

tur dhal protein

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

17.0

16.1

12.0

15.b

15.0

15.0

15.0

15.0

5.0

5.0

5.0

5.0

1:

'5.0

5.0

5.0

5.0

*Slet8 G and H were supplemented with aethionine amd tryptophane in such amounts ae were assential to■eet minimuiB requirements. *Steenbook and Kelson salt Mixture Ho.40+0.05Jt 0uS04, SHgO.



Table II

Racorery of rate maintained on diets containing cowpea and tur dhal
at 16^ protein level, from phenylhyd^ine anaemia

(Mean values of body veigiit in B.6.C. in mill/mm and Bb. in g/lOOml)

Oiete . .
animals.

-  I. No. of days on experiment.
BO. 01

6  12 16 20 24 26

wei£?it 152.0^.5 - 159.0^.1 - - 159.0+8.2 - 158.0+7.9

k  6 E.B.C. 6.95je3.2 4.81+p.o? 5-61+0.2 6.5I+P-II 6,65^.04 6.07+0.05 6.94+0-05

Hb. 14.9+0.06 10.5+0.47 12.4+0.28 12,8+0.17 13.5+0.40 14.3+0.23 14.6+0.20

weight 152-0+9.3 - 156.0+0.6 - - I35-O+9.5 - 153-0+11.1

B  8 R.B.C. 6.740.09 4.86+0.07 5.42+0.02 6.42^.07 6.52^.05 6.78+0.06 6.53+0.08

Hb. 15.5^.1 10.1+0.23 12.2+0.26 13-5+0.14 13.6+0.50 14.0+0.31 44.4+0.14

wei^t 154.0+8.5 - 158.0+8.1 - - 159.0+7.7 - l60.0Vr.4

C  8 H.B.C. 6.64+0.15 4.80+0.04 5.38+0.08 6.32+0.09 6.72+0.12 6.9I+O.07 6-98+0.2

Hb. 15.2+0.14 9.7+0.24 11.3+0.48 13.1+0.25 14.3^.25 14.5+0.19 15.0+0.5

Statistical significances
Bate of regeneration of R.B.0.(d-l6th dav^ Rate of regeneration of Hb. (4--l6th day)

C Va A 0.45 2.76**
C Te B 1.70 2.19*
C Te B 1.27 0.78

^^Significant at 1 level
*Signlfioant at 5 ̂  level
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Table III

Iffeete of diets eentainins^ceirpea and tur dhal at 18?6 protein level on body wei^t (g«) and
(raill.Omm ), haemoglobin (g/lOO ml.) and plasma protein concentration

(g./100 Bi;

Siets
Ho. of ®ay®

14 21 26

Wei^tCs.) 61.0^2,19 68.0+3.01 70,0^3.47 77-0^3.47 80.0^5.72
14 H.B.C. (miU./ma^) 7-66^0.32 8.10^,15 8.59^0.22 8.65ip.25 8.86^0.28

Haemoglobin (g./lOO ml) 11.9±p.15 12.qi0,16 12.1^0.19 13,8^.23 14.4^0,43
Plasma protein ( " ) 5.71 — — — 5,95

Weight (g.) , 62.0+2.05 58.0+2.58 58.O+2.56 6I.O+5.4O 65.0^.01
E.B.C. (mill./am^) 7-58^0.27 8.18jp.24 8.365).13 8.47+0.28 8.61+0.22
Haemoglobin (g./lOO ml) I2.lip.i9 12.3+0.21 12.5^0.34 I5.4i0.l9 14,0^0.31
Plasma Protein ( " ) 5-94 —• — ""6.12

14

Wei^t (g.) , 62.0+2.20 67.0^3.05 73.Oi3.26 7«.0+3.40 B5.O+4.O7
R.B.O. (mill./mm'^) 6,95+0.16 7.8^.18 8.47i0.21 8.35+0.13 8.2 5o.22
Haemoglobin (g./lOOml) 12.0^0.16 12.4i0.l8 12.5^0.14 13.9i0.22 14.4+0,32
Plasma Protein ( " ) 5.95i — Z- — 5,55

Avei^e valuea vith standard error.

Stastical aignifieanee of gain in weight between diets

•t* valueet C ?8 A - 0.91, C Ye B - 3.95**i A Ye B - 3.14»»

♦♦ Significant at I5C level.
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Tabla 17

Krf«ot or foedioff oowpea protein and tur dhal ̂ ;otftln diete with and without supploaentation
of ttk# linitins aaino acids (Diets D, G and H) on body weight gain

.  B.-or
Me«9

aaioale
0 1 2 3 4 5* 6»* yeee

2 6 38.5jp.63 34.3ip.56 55.5lP.67 3e.Oip.89 37.7±1.17 52.5±1.47 59.3i1.85 77.7l2.78

t 6 37.5i2.74 56.7i2.40 34.312.0 33.5il.90 34i5i^04 40.7±2.48 47.ai8.l6 ^•%2i45

V 6 37«5^.01 43.qi1.6T 49.3±1.85 56.6ip.84 7O.Ojtf.7a 75.5±1.45 81.5i1.99 87.3l2.21

G £ 57.5±3.0 52.qiWO 59.qi4.70 66.£^6.iq 9i.Oi6.3O 85.0i5.71 99.5l5.10 100.3l5.03

H £ 37.5±2.74 47.2i3-53 53.2i3.37 57.8:^.96 76.qt4.55 73.6i4,04 78.3i3.93 77.3i4.09

* Hethionine added to diet D; ^ryptophano added to diet &
Hethionine with~held froa diet G ; Tryntophane withlheld froai diet H.

** Tryptophane added to diet D; Hethionine added to diet E
Txyptoidiane withheld fzoo diet G; Hethionine withheld fros diet B.

Hethionine and tiyptephaae added to diets D and B
Hethionine and tryptophane vi^^held fzoa diets G and H

«Dlfr«xwie« :ct
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Tal?le V

Effect of feeding - Covpea protein and tur dhal Protein at level vith

and without supplementation of limiting essential amino acide

Average values with st, error (6 animals/group)

(Diets D, E, F, G and H) on growth and

Diete
Bo. of

Body wei^t
Wei^t Food Protein

Protein

animals
Initial Final gain intake intake

efficiency
ratio

9 6 58.3+o«63 37.3i1.17 -0.7i1.18 96.8j;3.88 9.7i0.38 -0,08i0.22

S 6 37.5i2.74 34.5^-04 -3.01+1.37 82.7i4.63 8.3i0.48 -0.37+0.51

P 6 57.3±2.01 70.0j.1.7e 32.6 +1.33 126.3i8.38 12.6ip,84 2.65i0.22

G 6 37.5±3.0 9i-q±6.3 53.5+4.39 154.3+6.74 15.4+0.79 3.45iP.11

H £ 37.5j:2.74 76.0^,55 38.5±3.95 126.Oi4.89 i2.6iO.49 2.l9i0.l9

D» Values ^
53^ level level •it^.ine wi^4 iiO/d irou sZei

♦Weight gain in (g.) 11,73 14.52 ^ 5
•Protein efficiency - G ajrd li.

ratio

•Difference between any two averages, if greater than D. values, is signifieaat.
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Table TI

Effect of feeding cowpea protein and tur dhal protein diets with and without
sapplementation of the limiting essential amino aoids (Diets

E, F, G and H) on Bed oell concentration

in BtillioRs/oB^^verage values)

f

/
Slots

Bo> of

animals

Food

intake
Veeks

(s.) 0 1 2 3 4 5« 6@ 7'

S 6 3.5 7.03 7.16 7.59 . 7.47 7.55 7.-62 . 7.91 8.18

X 6 2.9 £•88 7.06 7.07 7.15 7.74 7.76 7.74 7.84

F 6 4.5 6.95 7.26 7.28 7.57 7.82 7.86 7,89 7.95

a 6 5.5 6.99 7.29 7-36 7.45 7-81 7-55 7.85 7.86

K 6 4.5 7.04 7.15 7.35 7.38 7.55 7.53 7.71 7.49

* Mothionin© added to diet D; Tryptophane added to diet £
Methionlne with held ftrom diet G j Truptophane with held fr« diet B.

• Tryptophane added to diet D } Methionlne added to diet £
Tryptophane with hold from diet G ; Methionlne with held from diet H,

I Hethionine and tryptophane added to diete D and E
Methionins and trjnptophane with held frcwu diets G and H.



Ta\)le TII

Bffect of the diets (Diets D, E, F, G and H) on Plasma Protein concentration
Values in g,/lOO ml. . -

Diets
Body weight of
animals (g«)

Plasma protein

Initial Final

• SethiOBine a5.lc* Av®*«ge of «i* ai4i^*i addad to diet E
SethloBise viih;h?ivl c:es v ; .ont«>phaBO *lth:helA ftfoa diet S

• Teyplcjhana to die" 2 I Hc'-.io-jl-aj -liied to 41®* f «
Prypto^ce *lth-atla diet G j Hethioniae vithiheld from diet 1

E «e<Meei»e and teyptopcaJie ad^ to list 9 eed J
KethldniM a»d tiyptojiume wltkheld from diete C and E»

2 77.7 5.8 5-3

• s
s' 66.0 5.5

J*

P' 87.3 6.0 6^4

T i
C' ' 100.5 6.2 6,2

G t'
h' 77.3 6,0 5.7

• a
r

•
.  - •• •

14«»

15*«

14^

1M



Table mi
»  • *

Effect of feeing cowpearproteln and tur^l protein diets with and without supplementation of the
limiting essential amino aoids (Diets D,S,F,G and H) on haemoglobin concentration

(Haemoglobin in g./lOO ml.—^erage values)

anlMl. :
(e.) 0 t 2 3 4  5* 6© 7£

14.1 14.8

14.5

®  ® 3.5 14.5 14.3 14.3 14.1 14.1 14.2

■  ® 2.9 14.7 13.7 13.0 13.6 14.6 14,6 14^0

*  ̂ 4.5 14.1 14.4 14.7 15.3 15-6 15.6 15.7 15.8

^  5.5 14.5 14.7 15.8 15.8 15.9 15.0 15-3 14.2

®  ® 4.5 14.4 14.7 15.3 15.4 15.6 14.5 13.7 15.1

• Hethionine added to diet D j Tryptophane added to diet E . '7
Methionina with^held from diet G ; Tryptophane wlth:held from diet H*

e Tryptophane added to diet D } Hethionine added to diet B
Tryptophane with^held from diet G j Hethionine withcheld from diet H

£ Hethionine and tryptophane added to diet D and E
Methidnine and tryptophane withheld frcRs diets G and H.



Table IX

Effect of diets (Biete D, E, F, 6 and H) on nitrogen balance in rate and biological valnee
(Average Vp.lues)£

Diet D Valuee •

D B P G H 3^ level level

Wei^t in (g*) 57.7+
0.17

34.5+
2.04

70.0+

1.78
91.0+

8.30
76.0+
4.55

-

2
Body BurfaoB area cm 110.6i

2.08

104.0i
4.15

^60.A±
2.45

187.2+

7.83

I68.1i
5.98

Sitro^n balance
Bg./day

24-1±
5.57

20.4i
5.08

65.8+

9.17

91.1i
4.91

58.^
5.^

23.82 29-48

Hitrogen balance 21.6^
mg./lOO CB^ body surface2»07

10.9+
4.08

4?.8±
5.B2

49. Oi
5.57

55.1i
5.47

16.86 20.88

Pereent retention 44.0*

5.68
53.0+

4.87

79.9+
2.45

75.8^
2.64

65.1+
3.0T 14-47 17.93

Biological value 40.16^
4.17

35.69±
4.74

85.27+
2.19

8l.42i
2.01

77.32^
3.58

14.60 18.07

-

t  Average values (six animals per group) vlth standard error*
•  Differences between any two averages,if greater than D values,is signfficant.



Table X

Effect of diets B, E, F, G cmd H on liver fat and liver protein contentsof animals

(Avera^* values with standard error)

• Diet D Values**

D 6  • P G E 33i level level

Body

Vei^t in (g») 77-7±
2,78

66.0^
2.45

87.5+
2.01

199.3±
5.03

77.i+
4.09

Fresh weight of liver
0.16""

4.21 +
0.29

4.79+
0,28

5.81 +

0.39
5.54+
0.50

Liver protein in ̂
fresh basis

11.74*
1.10

7.66+
0.2f

13.72+

0.54

12.57+
0.32

10,81+

0.52

3.25 4.02

Liver fat in fresh

basis

6.46*
1.52

4.94+
0.2^

3.54+
0.52

2.57+
0.19

2.69+
0.18""

3.57 4.42

Average values (6 animalB per group) with standard error.

*• Difference Mi between any two average, if greater than D values ig significant.
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Table XI

Becovery of rate maintained on diets A, B, and C from Phenylhydrazine
(Mean values of body wei^t in sn*f R»B»C. in mill/ma

and Sb in ga/lOO ml with standard error).

Bays on experiment.

Siet
au. ej-

animals 0  4 8 12 16 20 24 28

A

wei^t

8  B.B.C

Hb.

152^.5

6.95+P.2 4.81^.09

14.9ip.06 10.5f).47

159+9.1

5.61+0,2

12.4+0.28

6.51+0.11

12.8+0.17

6.65+0,04

13.5+0.40

159+8.2

6.87+0.05

14.5+0,23

6.94+0.05

14.6+0.20

158+7.9

1

veifdit

6  R.BaC.

Kb.

152j^.3

6.7+0.09 4.8640,07

15.540.1 10.1^,23

156+8.6

5.42+0.02

12.2+0.26

6.42+0.07

13.5+0.14

6.52+0.05

18.6^.30

135+9.5

6.78^.06

14.0+0.31

6.55+0.08

14.4+0.14

133+11.1

C

weight

8  R.B.C.

Bb.

154±B.5

6.6440.15 4.80+0.04

15.2+0.14 9.70+0,24

1584^.1

5.38+0.08

11.3+0.48

6.32+0.09

18.1^.25

6.72+0.12

14-3+0.25

159+7.7

6.91+0.07

14.5+0.19

6.98+0,2

15.0+0.3

I6O+7.4



Table ZII

Effect of the five diets (Diets D, E, F, G and H) on the body vel^t and rate of regeneration of
red cell and haemoglobin - summariaed Table.(Dody weight in g.* F.B.C. in mill./mm^and haemoglobin

in g,/100 ml.-^verage values with fjtandard error). ,

Dieta i!uLM
Days after Injection

8 12 17 20 25

Body wt.

Red cell

Haemoglobin

5

Body wt.

Red oell

Haemoglobin

Body wt.

Red oell

Haemoglobin

Body wt*

Red oell

Haemoglobin

E

Body wt*

Bed cell

5-2+
0*32

119+10.6

7.45+0.32

14*6^.22

116+10,4 114±9.1 111+6.9

3.71^0,10 4.79+0.10 5.89+0.82

9.8^.24 12.5+0.26 15.7+0.29

5.0+
0.24

6.2^
0.40

117±14.0

7.65^.31

14.7+P.45

118+17.4

7V0O+O.23

13.8+0.21

114+12.6

3.37+0.25

9-1+0.57

119^17.1

3.58+0.22

8.1+0.57

114+12.2

4.59j<).11

11.7+0.30

111+11.5

5.89jp.09

13.1+0.19

125+20.1

4.87^.27

12.3+0.26

5.8+

0.35

6.5+
0.42

116+15.3

6.80^.41

13.5+0.46

114+4.5

7.51+0.25

14.240.54

115+14.8

3.83jp.38

9.6+0.44

115+13.5

4.62+0.53

11,8+0.68

119+12.9

3.66^.19

9.9+0.30

119+12.0

4.81+P.21

12.9+0.44

130+18.7

6.61+0.22

13.9+0.29

117+12.9

5.96jO,45

13.9+0.44

124+11.9

6.20+0.26

14.1+0.43

113+7,7

6.84^.17

14.7+0.28

114+12.5

6.84+0.21

14.7^.35

115+6.7

7.02+0.22

14.2+0.29

118+12.0

6.82^.19
14.2+0.24

152+19.7
7.34+0,53

13.5+0.41

134+18.6

7.70+0.43

13.1+0.28

122+13.0

6.60^,45

14.1^0.61

125+10.9

7.15+0.35

14.I+P.4I

128+12.3

6.99+0.52

13.9ip.4l

130+10.0

7.24+0.15

l5.4Hp.37

115*6.3

7.48+0.13

14.2+0.14

117+11.4

7.29+0.11

13.6+0,27

139+19.2

7.84+0.36

13.8^.38

130jt12.2

7.59+0.49

14.3+0.59

133±10.4

7.64+0,21

14.5+0.37



Plate 1. LTVFn. Note the hepatic cells
showing vacuolar <1egeneration
of cytoplasm.
Haematoxylin and Eosin x 200.

Plate 9* LTVBP. Showing numerous
scattered hepato megalocyte
Haematoxylin & Eosin x 100.
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Plqto 2 a.

hepatonicpfalocytes with few
cells in stages of mitosis*
Haematoxylin and Kosln x 250*

Plate 3,

KTDNEY. Tfote the normal
histoloi^ical structures
Haomatoxylln and "PoslnxlOO.

m

Plate It.

SPLPPV. Note the normal
histolosical structures
ilaematoxylin and Fosln * lOO,


