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I INTRODUCTION

The high ineidences of protein mainutrition and nutri-
tional diseases among weaned infaents and young children in
India call for effective step to improve the protein content
"of Indian diet (Gopalan, 1964)., The Third World Food Survey
of the Food and Agrieculture Organisation (Fa0, 1963) had
revealed that the daily percaput consumption of animal pro-
tein in the developing regions is only nine grams vhile the
world picture of protein intake eighty,is depressing. It
has been shown that in a large part of the under developed
regions, a consuaption of legumes Pranging from 30 - 70 grams
per head daily 1s the general rule (FA0, 1964., ICMR, 1964).
The predominance of cereals and the lack of animal foods make
the Indian diet still worse, Milk is almost the sole source
of animal protein for a majority of the vegetarian popule-
tion im India but is available only in a limited quantity of
five grams according to an estimation of FAO/WHO (1965),
Surveys earried out im India show that there is a shortage
of proteins in the diets of major section of the population
(Pandit and Someswara Rao, 196l,, Subramanysn g%t al., 1962.,
Radhakrishna Rao, 1957). 80, the locally available legimes,
as Aykroyd (19561) points out may offer a practical solutionm
to meet at least partially the protein needs of the groving
population. Therafore, it becomos necessary to include low
cost and easily available protein riech foods in the diet.



Horsegram vas selected for this investigation beeatse
of its low cost® and availability compared to other pn}net
like red gram, dengal gram and green gram wvhich are used
conmonly in South Indian diets. Horsegram, like the other
legumes is d-ficiont'ln methinnine vhile sesame is compa-
ratively rich in sulphur conteining amino acids (Kuppuswaay
st al.y 1968;, Venkata Ra0 gt al., 1964). 850 sesame preo-
tein was selected for supplementation of horsegras protein
in the ratio of 411. This ratic was chosen after a ompari-
son of the caloulated mmino aclid composition of the horse-
graa-sesane mixture (Aykroyd gt al., 1966., Orr and Watt,
1967) with the amino acid requirenments of the growing rats
as proposed by Almquist (1959),

In genersl, two methods serve as a basis for evaluating
the nutritive value of proteins. These are the deteraina-
tion of biological value (BV) (Thomas, 1909) and the Protein
Bfficiency Ratie (PER) (Osborne, gt al,, 1919). Little
progress has been made in protein evaluation sinee the intro-
duction of FER, exeept to point out the short comings and
discrepancies in this method (Bender, 1957,, Jansom, 1962,,
ForbeXs, 1956),

Recently Hegsted and Chang (19665) have applied the
principles of a quantitative bioclogical assay Or bioassay.

¢ One kilo gram of horsegram costs sixty four paise, vhereas
one kilogram of red gram costs one rupse and sixty pa se
and greengram costs one rupee and forty eight paise a»
quoted by 'Chinthamani' Coimbatore Cooperative Super
Market on 20-2-1967,



The slope ratieo technique using gain as the response and
nitrogen intake as the dose appears to be a satisfactory
index for protein ovaluation. The 'RELATIVE GROWTH INDEX®
is proposed as a satisfactory measure of nutritive value,
this being a slope of the regression between nitrogen |
intake and body weight gain., An attempt was made in the
study to evaluate with skim milk protein as reference, a
mixture of horsegraa and sesans proteins using the bioassay
techiniqus proposed by Hegsted and Chang (1965),

Measurement of hepatiec nitrogen has been found teo
reflect the protein mutriture of the animal with reference
of ingested protein (Henry et al., 1961).

Enzsymes being metabolically active preteins their
astivity might be considered as an index of dietary protein
quality. As a eonsiderable part of the nitrogen is retained
in the body in the fora of enzymes, the determination of
enzyme levels seoms to offer possidbilities in assessing the
Value of dietary proteins (Mauron, 1966). The activities
of various hepatic ensymes have been found to increase,
renain constant or decrease vhen the azount and source of
protein imtake 1s changed. (Litwack gt al., 1952., Mura-
matsu and Ashida, 1962., Allison, 1963), Aecording teo
Ashida (1963) the dynamic equilibrium existing between the
enabolisa and eatabolism of essential gonstituents within
the cell is reflected im the alterations of the activities
of certain hepatic snzymes.
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Hence, the determination of hepatiec nitrigen content
and hepatic suceinic dehydrogenase have been taken up for
the present study.

An attompt was made in the study to evaluate with
skim milk protein as reference, a mixture of horse-graa
and sesane proteins using the biocassay technique proposed
by Hegsted and Chang (1966)., Bach of these two dietary
proteins was fed at four different concentrations. For the
horse-gram and sesame mixture the protein concentration
chosen were 9, 11, 13 and 18 per cent and for a;il milk 7, 9,
11 and 13 per cent. These levels vere chosen as "equally
effective levels for growth" as proposed by Hegsted and
Chang (1965).

The criteria used for the diocassay evaluation are

as followss

1, Growth rate

2. Food and Protein intake

3. Hepatio veight and nitrogen

4. Hopatic suscinic dehydrogenase activity

5. Regression of body weight gain onm nitrogen
and proteln intake,



I1 RBVIEW OF LITERATURE

Mathods of Protain Xvaluation
A number of methods had been developed and improved

upen for the determinatiom of the nutritive value of pre-
teins (N.R.C. 1963), - Osborne, Mendel and Ferry (1919) deve-
loped methods using the growth promoting valus of a pretain
in a diet containing adequate amounts of other nutrients.
There are basically two hiolegic procedures im common use
for the evaluation of the nutritive value of proteins,
Bielogieal value as determined by the amethods of Thauas
(1909), and modified by Mitchell (1924) and Mitchell and
Carmen (1926) i3 defined as the "por cemtage Of absorbed
nitrogen retained”™ and i1s generally considered the method
of choice. Justification of the value 0Y correetness of
chemical score (Block and Mitchell, 1946) er protein scere
(FAO, 1657) was infered from the coPrelation between dio-
logical value and the computed values. Biologieal valus
¢an be deterained only when the animal is depleted of
aitrogen and the intake of protein is lov 30 that the
animal 1s in nggative balance. The "mitrogen balsznoe
index" of Allison and Co-workers (illison, 1965) is a
modifieation of this method.

The other method is the protein effieiency ratie
originally proposed by Osborne and Co-worker (1919). Ia



this method the gain per gram of protein eaten is computed

in young rats fed diets in wvhich protein is limiting usually

9 to 10 per cent of the diet. 7This nthqd has been criticised
(Hegsted and Wercestor, 1947). gince mihtghl: sorrelated

vith wveight gain. The PER i3 thus not characteristic of

protein but & the rate of gain in weight of the animals

consuning the diet. The recent development of KPU (Miller,

1963) attempts to account atleast in part for the maintenance
requirement by the inclusion of a negative eontrol fed no protein.

Cannon gt al.(¥44) evaluated proteins by their relative
ability to promote weight recovery in protein depleted adult
rats. Allison (1969) correlated body weight gaim and aitrogen
intake of adult animals and growing ones. 7The sarsass nitro-
gen analysis developed by Miller and Bender. (1955) iaproved
the acourgcy im measuring the utilisation of protein for
grovth and maintenance.

The methods based on the regeneration of the consti-
tuents of blood and liver (Campbell and Kosterlits, 1948)
provide additional information regarding the value of dietary
proteins for different physiologicsl fumctions. Apart from
these biologieal methods determination of svaeilability of
anino acids also indicate an estimate of nutritive value of
individual proteins (Kuiken and Lyman, 1948).

All the adove mentioned methods do not measure exactly
the same metabolie functiom of proteim and hence give only
a rough estimate of the relative nutritive values of dietary
proteins.



Eagtors influencing the satimate of nuiritive value of
Eretelna.

Nany experimental conditions aight influence the
results of protein evaluation. Some of the mejor ones are
discussed here. The nutritive value of g protein vas found
to be a funotiom of the level of dietary iroteins (EHarris
and Buress, 19569,, NMorrison, 1964). If the ealorie intake
is low, effielency of utilisation of the dietary proteins
would fall because the protein might be used as a source
of calories (Swanson, 19569), Spesies (Arnrieh gt al.,
1681), age (Block and Mitchell, 19846), pregnancy and lae-
tation (Nelson and Evans, 1963) and possibly patterns of
eating (Cohn gt al.p 1962) might influence the amino goid
requirenents of the experimental animals,

The requirement for maintenance is much lower than
that for growth, A diet which is used efficiently during
a period of rapid growth may provide more protein than
needed for maintenancej hence it may be used less effici-
ently in adult animals than im the young (Fisher: gt al.,
1864). There i3 also evideonce that requirements for
sertain essontial anino acids change during maturation or
during depletion. Changes of this type eoculd result in
a difference in ths apparent nutritive value of a protein
fed to matured rather than groving subjeets (Mitchell,19859),

It 1s inovitable that assay metheds differ in classi-
fying prateins according to their mutritive value. Despite
the vagaries inherent, protein evaluation by various methods



had led to classification ef many commonly used dietary
proteins in the same general order of adequacy. As a result
of early experiments, the proteins of nilk and egg have
frequently beem used as standards of exsellence (Block and
Mitchell, 1946,, Rama Rao gt al., 1964), while graim and
legume proteins had beek found to have a lower nutritive
value,

Of the many methods of proteinm evaluation only the
Bieassay method wuld be discussed in great detail.

Bloaasay Ischnigue and Protein Evaluation

Bioassays had bean developed over the past 30 to 40
yoars ina several branches of Science. They are defined as
a determination of the potsency of a physical, chemieal or
biological agent by means of a biological indigator
(Bliss, 1952).

The purpose of a biolegie assay is to determine the
relative potency of some test material compared with g
standard. It is important te stress this fact since,
othervise it is known only that the proteins tested have
a different nutritive valus. It is belicved that biologieal
Value does this. When the requirement ef one protein 1is
known, the requirement for other proteins e¢an be compared
(Hegsted, 1957., N.R.C., 18567), It forms the basis of
recommended dietary allowances for proteins (N.R.C., 1964),
8inilar use ¢annot be made of PER values and the equivalent
protein content ef fo% eannot be estinmated.



Bloassays are based on the following prineciples:
(1) Poteney is a property of the substance under investi-
gation and not of the response. (2) Potency is relative
and not absolute. 7That is, the potenocy of one preparation
(unknown) ean be im terms of another (the standard) vhich
eliocits a similar biclogical response. (3) The assayod
potenay is only an estimate of the true value, 4 suitsble
measure of the precision of esach estimate must be possidle
from the data obtained. (4) A sound experimental design
is an indispensable requirement (Nutrition Reviews, 1966),

Thus it is essential that the test substance and
the standard be studied concurrently iam the same species
under identical econditions., The type of responses have
extra-ordinary variety but ne:rly all ¢an de separated
into tvo categories (Finney, 1952), the all OF none response,
such as survival or death and the graded responses The
latter 1s related to some function of dosage and is suitable
for measuring responses to increasing dosagese.

The application of a standard biocassay procedures
for the evaluation of mutritive value of proteins with
groving albino rats had been oxamined by Hegsted and Chang:
(1968a)c The slope ratio technique using nitrogen intake
as the measure of dose and body weight as the response
appeared to be most satisfactory for the pretein eval ua-
tion, "The relative growth index" as propesed by Hegsted
and Chang (1965b) is the slope of the regression between
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dose and response expressed as a percentage of slope obtal-
ned vith a protein of maximal nutritive val we.

The Bioassay method of protein evaluation as proposed
by Hegsted and Worcester (1966) was as folloved. The protein
tested vwerc mixed in the diet at varying prédeterained or
arbitrary levels vhich are known as equally effective levels
for weight gain. Eightsen veanling rats vere used for each
protein tested at three levels. 7The diets were fed for three
weeks and food consunption and body velzht were recorded.
Analysis of the il;ta wore done. Regression equation of body
veight gains on nitrogen or protein intakes werc cal culated.
The slope of the regression for a test protein is expressed
as a percentage of slope obtained with a protein of a “&i‘i’:ﬁ“
nutritive value.

Using the bicassay technique and lactalbumin as a
standard protein, the relative nutritive values for easein,
soy protein and gluten wvere 70, 34 and 22 respectively.

The above data showed that conventional biological vaues,

PER and NPU indices overestimated the nutritive potency of
poor quality proteins for growing rats. As an exmple the
bioclogical value of wheat gluten was reported as 40, whereas
the relative growth index by the bicassay method gave it a
value of sbout 20, More recent work by Hegeted and Chang
(1965) vith the same proteins lead to the coneclusion that

net nitrogen utilization was essentially econstant for each
of these proteins at all levels of intake upto those vhich
support maximal growth, The authors peinted out that if such
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indices are valid estimates of nutritive val ue, the inteke
of each protein should be convertible to lactalbunim equi-
valents that would give the quantity of any test protein
which would produce the same increase in dody weight as a
given amount of lactalbumin, When the comzbined data for
net nitrogen utilization were plotted against "laetalbunin
nitrogen equivalents® nitrogen utilization appears to be
similar for each protein upto levels vhich elosely spproach
those required for masximum growth.

Thus the results of Hegsted and Chang (1966) lent
strong support to the thesis that reliabdle bicassays are
feasible for studies of nutritive value of proteins, and
may heve a significant advantage over the assays presently
employed like FER, NPU ete. The evidence indicated that
biocassays have capability for eontribduting data from a
vide range of protein eoncentrations and adaptability for
testing biological potensy of proteins in terms of a standard.
Although bicassays may contribute limited information as to
cause and effect and therefore be of marginal value in
deternining azino acid content of proteins, thsy had
demonstrated their usefulness as measures of overall bio-
logical potency for a variety of substances, such as
vitanins, hormones, antibioties and various chemical agents.

Contrary to the conclusions of Miller and Payne (196l1)
or Morriscon gt al.(1963), Hegsted and Chang (1968) were no
able to shovw any decrease in the utilisation of nitrogen as



the intake was increased until approximately maximal

grovth vas achieved. In fact, the utiliszation of whsat
gluten appeared to be essentially constant upto the highest
level fed, 40 per cent of the diet. The reason for this
discrepancy is unknown but it appears possidle, at least,
that it may relate to the time alloved for the test period.
Hegsted and Chang pointed out earlier (1965) that biological
values and net protein utilization (¥PU) values for lovw
quality proteins appeaifto be substantially higher than the
values obtained with biocassays.

Ereteln Efficiency Hatlo

This procedure developed by Osborne gt al-(1919) is
based on the growth promoting value of a protein in a diet
containing adequate amounts of other nutrients. The nutri-
tive value is expressed as the Protein Efficiency Ratio
(PER) that is, the ratio of the gain in body weight (g) to
the protein (g) consumed in a specified period of time.
Because of its siamplicity, this method has been widely used
by different workers for studying the nutritive value and
supplementary relations between different proteins. Chapman
et al.(1959) and American Association of Official Agricul-
tural Chomists (1960) have desoribed standard procedures {o PR

using rats aged 21 to 28 days vith an experimental period
of 28 days.
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A number of factors affect the PER values; the most
important of these are, the level of protein in the diet
(Tasker st al., 1960), age (Block and Mitehell, 1946), GSex
(Morrison and Campbell, 1960) and strain of the rats (Jansen,
1962), variation in food intake (Sherwood and Weldon, 1983)
and duration of the experimental peried (Joseph at al., 1960).

Although attempts have been made to develop other
approaches or to make predictions of nutritive value f rom
ehemical data, little progress has been made since the
introduction of PER by Osborne, Mendel and Ferry (1619)
expect to point out the short comings and discorspancies
in the data (Nutrition Reviews, 1966). PER index has the
following criticisms, (a) the assumptions that the gainm in
body weight is constant im composition is not always val id;
(b) the results vary vith the level of proteins in the diet
and the period of experiment and (c) in the method no allow-
ance is made for protein requirement for maintenance
(Jansen, 1962,, Bender, 1986),

It has been suggested that the PER obtained vwith test
proteins should bg muliiplied by the frectionm

Deterained PER O? referonce casein
The purpose of this provision is to reduce the variability

among results obtaslned in various lagboratories (Jansen, 1962).
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Hepatic Nitrogen

The protein content of liver has been found to be a
function of the amount and gquality of dietary protein. Whea
rats vere fed with a protein free diet, the liver lost 40
per cent of its original protein (addis gt al., 940).
Kosterlits (1944) found that liver nitrogen in the reple-
tion of depleted rats, expressed in terms of unit body weight,
was a function of the amount and kind of dietary protein.
Earrison gnd Long (1945) fasted adult rats for 48 hours and
subsequently fed diets containing the test proteins for four
days, ad libitum and found out that the regeneration of
hepatic proteins were directly proportiona%o to the quantity
and quality of dietary proteins oconsumed.

There are controversial viows of using the hepatic
nitrogen as a measure of the protein utilization. The
results of Guggenheim and Buechler-Csaczkes (1950) do not
agree vith those of Henry gt al. (1953) or Vars and Gurd
(1947). They found tha’. regeneration of liver protein was
not necessarily related to bioclogical Value as determined
by (fovth rate and nitrogen balance. Guggenheim and Bucchfor-
Czaczkes (1950) estimated the bioclogical values of eight
proteins by five different methods, namely, protein effi-
ciency ratio, nitrogen baleance, liver nitrogen, capacity
to regenerate hasmoglobin and granulocytes. They observed

that though soya bDean was well utilised for hepatic protein
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regeneration, it was poorly utilised for foraing haemo-
globin and granulocytes. BKEgg protein ranked high in all
the other eriteria but not in hepatie protein regeneration,
Gelatin was not good in maintaining nitrogen balance and
forming haemoglobin but proved superior to the cereal pro-
teins for the regenerati on of hepatic protein.

Allison (1955) eritiocised thelwpatic nitrogen method
based on the fact that thehepatiec nitrogen esontent might
merely indicate the filling up of protein reserves of one
portion of body aend hence aight not reflect the protein
nutriture of the other organs.

Babson (1954) found that tumowr-bearing rats sad high
concentrations of liver proteins while they were in a pro-
tein depleted stage. 8Similarly Henry gt al.(1961) and
Goodlad and Munro (1989) showed that cortisone adminis~
tration to rats inereased the protein content of liver of
rats fed either a protein-free diet or one containing 20
per cent Casein. Rosenthal and aAllison (1951) found that
when the calorie intake was low in dogs, the h epatic
protein stores were depleted even when the animal was in
positive nitrogen balange. Brown and Allison (1948) found
that excess methionine in the diets produced hypertrophy
off kidney and liver though nitrogen was being lost from
other tissues. Wang and his co-workers (1949) and
Williams (1961) found that major changes of liver nitrogen
concgentration appeared to occur wvithin the first 12 days
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of protein depletion, but after about 25 days the liver
tended to return to the initial chemical compoesition and
cytological structure.

In sunmary, all the above findings indlicate that the
hepatic nitrogen measurement might not indicate the protein
nutritional status of the vhole system but is a measurement
of the utilisation of dietary protein for a specific physio-
logical funetion, that is, the capacity of dietary protein

to regenerate the hepatic nitrogen.

Hapatic Enzyzes

The susceptabllity of activities of ensymes fo dietary
preteln:

In the experimental animals the enzyme responses to
protein depletion varied in different tissues. ¥Wainio
ot al-(1953) found that the activities of cytoechrome 6xidase,
Suecinate, eytoeshrome C reductase and DPNH eytoshrome C -
reductase in the brain vere least affected by protein depie-
tion. But the unit activities of the same ensymes in the
kidney, skeletal muscle and spleen wvers reduged by about
10 to 20 per cent, ¥With the exception of brain, the other
organs of protein depleted animals were significantly lowver
in weight and in total protein content than those of their
ad libitum fed controls and hence the 'unit enzyme activity'
as well as ‘'total ensyme activity' in the organs were

decreased in protein depletion. Thers were soze enzymes
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wvhose total asctivity deereased bdut vhose unit sctivity

vas unchangsd ia protein depletion, Liver eoytochrome oxidase
and cathepsin belong to this kind, 8rinivesan and Patwardhan
(1955) state that severe protein deficiemcy eculd radieally
change the enzyme activity pattera and structure of the liver.

Hapatic anivme ghanges ralated $o _quantity of dletary
Eretaina.

Many reports had shown that the sctivities of various
eniynes in animal tissues were changed by dietary sltera-
tions (Rowe and Wyngaarden, 1966). In general, liver enzymes
were liable to quantity of proteim and different enaymes
responded to protein depletion in different vays (Muramatsu
and Ashida, 1962), Thare have been fev studies howvever ea
the changes in the liver anzyme activities of animals ﬂ?eoio
ving diets containing different levels of pretein. Lighbody
and Kleiman (1939) found that the astivity of liver arginase
in rats increased with an increase in dietary protein content.
Recently, a similar Fesponse in hepatie glutamie pyruvie
transaninase activities of rats vas also reported by Rosen
et al-(1989). Ross and Batt (1956) indiecated that the
aoctivity of liver alkaline phosphotase im rats increased
vhen they were fed high protein diets, Litwack and asso-
e¢lates (1968) reported that improving the quantity and kind
of dietary protein of rats, increased the hepatic xanthine

oxidase in ratl.'
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Muramatsu and Ashida (1963) studied the response of
soYeral liver enzymes in rats to graded increase in protein
concentration. It has been found eut that the activity of
sugoinic dehydrogenase dropped markedly in rsts receiving
low protein diets and it was one of the extremely labile
ensymes in proteim depletion, (Litwveok gt al.,, 1960.,
Weinio at al., 1983,,Miller, 1950).

Hanatic ensyme changes as related to nutritive qualify
eof dietary proteins.

Dietary amino acids greatly influensed hepatie
Xanthine Oxidase activity of rats. (Litwack gt al., 1983),
The rapid loss of this ensyme activity induced by a non-
protein dietary regimen proceeded at a greater rate than the
loss of flavin adenine dinucleotide coenzyme or other liver
proteins (Litwack gt al., 1950). Litwack and assoclates
(1954) reported the effects of the quality of dietary pro-
teins on the activity of liver xanthine oxidase in rats,
Zigman and Allison (1959) and Allison gt al (1961) have
reported that the growth response of rats fed different
dietary proteins at graded coneentrations were correlated
vith ribonuclease aotivity. Hepatic ribonuclease approached
a common and relatively high value im rats fed lov intake
of eggy, Gasein, cotton peed proteins or vheat gluten as
source of dietary proteins. Ais protein intake vas insreased,
the activity dropped, decreasing most rapidly in animals
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fed oggy less rapidly inm animals fed ¢asein and least
rapidly in those fed vwheat gluten.

Muramatsu and Ashida (1961) found growth rates and
activities of hepatie succinie dehydrogenase and xzanthine
oxidase to be similar. He used egg albumin, fish meal,
vheat gluten, soya bean and casein as protein souroes.

The response curves of hepatie xanthine oxidase or sucoi-
nic dehydrogsnase plotted against the protein levels in
diets vere similar to curves of growth rates. As the
quality of proteins improved, the infleotion points of the

response curves oceured at a lower level of dietary protein.

Mutritive value of lorsesrah

Use of locally avallable vegetable sources such as
legumes is being auggoatod as the immediate solution for
solving the prodlem of proteia malnutritioan in our gountry,
Horsegram ranks as one of the highest in this respect since
it 1s cheapfer than other legumes like red grsa, bengal gran
and green gram whiah are commonly used im our sountry.

Horsegran 418 a concentrated sourees of protein gontai-
ning 22 per cent proteim (Aykroyd gt al.) 1966). Horsegram
has a golden brown eolour and a very acceptable taste. The
different methods of cocking horsegran for human consumption
includes reasting and boiling with or without p revious
soaking. when roasted it has a very plaasant smell and
horsegrax is used with husk,



Horsegran i3 defleiont iam methionine, tryptophan and
eystine (Venkat Rao gt all., 1964), Methionine seemed to
be the limiting amino acid for groving rats fed horsegraa
as the sole source of protein, since the asddition of 0.4
to 0.8 per cent dl-methionine produced marked improvement
(Cama and Morton, 1950).

The nutritive value of horsezram is improved by heat
(Leitner, 1962)., The trypsin inhibitors and growth inhi-
ditors present im horsegram are inactivated by autoelaving
the horsegran (Hirwe and Magar, 1953). In the case of rats
maintained on rav and antoalaved horsegraa diets, thers wvas
a notigeable difference in the gain in veight per rat per
veek. The average figures were 4.4 grams and 10,7 granms
respectively. The protein efficiency ratie of rav and auto-
elaved horsegram diets were 0.7 and 1.7 respectively, There
vas increase in the liver weight, hepatie nitrogem and per
cent of fat im the ease of autoclaved horsegram fed rats vhen
compared to raw horsegran fed rats. Thus it esan be concluded
that the nutritive value of horsegram is improved by
autoelaving.

At a 10 per ceat leYel of protein intake, the diges-
tability coefficient of horsegranm was found te be 73 and
blologieal value vas found to be 66. The moisture and
erude protein of powdered housegram was found to be 11,81
and 82,18 respeetively (Swvaminathan, 1937., Niyegi, 1931).



butritive yvalue of scsame

The annual predustion of sesame in India was
500,000 tons (Aykroyd and Doughty 1964., ICAR, 1961).
Scientifie and technologieal research im India had shown
that sesame meal with a 1little care during oil extraction
process could be made edible for human pepulation.
Hutritive value of sesafe protelin:

The sesams meal was found to be a highly eoncentrated
form of protein gontaining 30 to 48 per cent of proteia and
43 to 45 per cent fat (Kuppuswany gt alsy 1958)e¢ The sesame
meal is defielent in lysine which is an essential anine acid
(Venkat Rao gt al., 1964). When chicks vere given sesane
meal as protein source, did not grov %o the maxiamm. 4 22
per sent pnﬁoh diet bDased On sesame Real required forti-
fication to 1.17% lysine for the attainment of maximal growth
rate (Brinegar ¢t al. 1960., Edwards gt al.) 1966). On the
other hand sesane protein is richer ia sulphur containing
anino acid and tryptophan, which are lacking in legumes
(Kuppusvamy gt al,s 1958., Daniel ¢t al., 1965) Natarajan
and Cama (1965) found that the digestability of sesame meal
Panged from 82 to 89 per cent im rats for the various
strains of sesame meals.

The availability of the individual amino acids from
the meal ranged from 85 to 90 per cent. The methionine in
sesane protein had been found t0 be eompletely availadble fer
ehick growth. BRlological values of sesane meals were 851 to
66 in rats as compared to casein having a Value of 100.



Protein efficiency retio ranged from 1.14 to 1,83
vhen fed at 18 per cent concentration (Natarajan and Caxa,
1965). The net protein value ranged from 44 to 47,

Trypsin inhibiter activity was absant in sesame meanls
(Raterajan and Cama, 1965).

Examination of amino acid content of food proteins
(Orr and Watt, 19267) suggested that sessme seed could be
used offecstively to increase the content ef sulphur contain-
ing amino acids im wheat pea mixture. Supplementation of poor
corn diet with protein blends oontaining sesame flour resulted
An doudbling the growth rate of rats (Panemangalore, 1965),

The sesame blend was found to have a digestadility coeffieient
of 74.7 per cent and resulted ina mtrogon retention of 2.4
graas against the unsupplemented group md.nic nitrogen 56
1,46 grans (Cuttikar ¢f al., 1965).

Doraisveay gt al. (1966) supplemented the poor eereal
diets of 5 to 1) years old boys with bdblend of groundnut,
bengal gram and sesame flour fortified with vitamins and
minerals. They found that supplementing sesame insreased
the height, weight and haemoglobim content of boys as
compared to unsupplemented group of boys.

Thus the sesame meal had beeR proved %0 be useful
supplement both by itself er imn combination with other
9ilseed meals or with legumes.



II1 EXPERIMENTAL PROCEDURRE

The experiment was designed to determine the nutri.
tive value of g comdination of horsegram and sesane at a
ratio of 4:1 by bieassay technigue comparing it with a
known standard protein, skim milk powvder. is suggested
by Hegstepd and Worcester (1966) the rats were fed vwith
different diets contalning ardbitrarily seleected levels of
protein, based upon the estimates of their probable
nutritive value.

Salastion and grouning of animals
Albino rats of Norwegian strain vere selected for

the growth study. The weanling rats were 23 days old and
veighed betwesn 21 - 36 grams. They were divided into
eight groups of littermates. Four groups were fed the
vegetable protein mixture and the other four skim milk
proteins at different levels which will be deseribed later.

Gare of the animals
The rats were housed individually im wire sereen

bottom eages. The food wvas given im aluminium dishes.
Weighed quantity of each diet was made intc a paste and
cooked for 186 minutes to minimise spilling., Water vas
given in aluminium oups. The cooked diet was fed vith
vitamin mixture (Appendix I), Vitamin B Complex (Appen=
dix II) and cod 1liver oil daily. The feeding was
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adﬁ.ibitul and every day left over food was dried in hot
air oven at 809C and the food consumption vas ealeulated
at the end of the experimental period. wWeight recerd ef
the experimental animals was maintained throughout the
study period by welghing the rats on alternats days,

Autopgy

After an experimental period of 88 days the rats
were anaesthetised with chloroform. The livers were
quickly removed vhen the hearts were still beating and
veighed immediately, They were stored in the freezer
at-4°¢c,

Exapatation of the experimental diet
The levels of protein selscted wore 9, 11, 13 and

18 per cent for the vefgetable pretein mixture of horse-
gram and sesane in a ratio of 4:1 to have a balanced

amino acid pattern. Jesame was added te supplenent
methionine deficit in horsegram. The horsegram vas cleansd
and powdered with husk and sesame was dehusked by soaking
overnight in water and dried. The protein content and

fat content of both harsegram and sesame wers analysed,
Table I gives the analysed Values for protein and fat

contents of horse«grem and sesame.



TABLR I
PROXIMATE COMPOSITION OF HORSEGRAM AND 8S8ESAME

Food gtufrf Constituents Per centage
Horse-graa Protein 18.4
Flt °o‘
Sesane Protein 16.3
’.t 41.3

Sago powdey served as s source of earbohydrate and
ground nut oil served as a source of the 10 per cent fat
in the diets. The individual componsnts (details of the
salt and vitanin mixtures are givea im Appendix I, II
and III) were mixed by hand g0 that the diets were free
of lumps. Table 1V gives the compeosition of sall mixture,

The levels for skim milk diets were 7, 9, 11 and
13 per cent and skim milk powvder was used as the source
of protein. The protein levels chosen for skim milk
povder were lover, to got equal response of body weight
gains in both series of the diets using different dietary
proteins. Other detalls were similar te the vegetable
protein mixture diets. Table II gives the compogition
of the experimental and skim milk diets. Two kilo grang
of diets were prepared and stored in ai? tight glass
bottles im the refrigerator,
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Analytigal progedure
The whole liver vas homogenised with § times its

volume of 0.1 N phosphate burfer (PE 7,2) and triplieates
were taken for the various determinations. Hepatie

sucainie dehydrogenase activity was measured by using the
nethod of Sreenivasamurthy and Swaminathan (1955), Hepa~
tie nitrogen determinations were made with homogenised
liver samples by the miero kjeldahl method (A.0.A.C., 1963),

Statistical Analysis
The regression of grams Of gain in body weight teo

total nitrogen intake or proteim intake were caleulated
for each dietary piototns. The 'relative zrowth index'
vhich i3 an expression for the relative nutritive value
of dietary protein was calaqulated for the horsegraa-~
sesane aixture. This index is the slope of the regres~
sion betweel nitrogen intake and body veighﬁ gains ex-
pressed as a percentage of the slope obtained with skim
ailk protein vhio#had been selected as the reference
protein,

The residual sum of squares was computed by fitting
separately to each proteia an equation of the fora
Y ™ a ¢+ bx, vhere 'y' is the response (body weight gain),
'x! 13 the amount of protein or anitrogen actually eonsumed
by easch animal. The regressions were tested for its
linearity and standard deviations of the slopes were
calculated (Snedecor, 1966),



Mean values for groups are reported with standard
error. Analysis eof variances vith nonyorthogonal eompa~
risons (Snedecor, 19586) was carried out inm the case of
body weight gain, PER, hepatic weight, hepatis nitrogen,
protein intake and hepatie SDH activity. Comparisons
each vith one degreoe of freesdoa were used to test for
differences in the treatment means. The comparion C
is equal to A 1si vhere )\ isi 13 the corefficient
assigned to0 a particular treatmsnt. The sum of squares
and mean square for the comparisens are equal to (‘_7"/-m’:'-)\'jZ
(Snedecor, 1956). The 'F' value vas obtained by dividing
the nean sguare for the comparisoa by the error mean
square. Only 'F' ratios vhich had a probability of 0.08
to 0.01 or less of being as large as the calculated value
by change alone were considered to be significant,
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IV RESULTS AND DISCUSSION

The aim of the study 1s to evaluate a vegetable
protein mixture of horsegram and sesame by the 'biocassay
technique' of Hegsted and Cheng (1965). The nutritive
value of the mixture of horsegram and sesame at a pro-
tein ratio of 4:1 was evaluated in comparison vith
standard skim milk povder. BREight groups of 23 days
0ld male weanling albino rats were fed. the various
experimental diets for a period of 28 days. The pro-
tein concentrations of the diets imn which the aixture
of horsegram and sesame formed the protein sources,
vere 9, 11, 13 and 15 per cent. For skim milk the
protein concentrations were 7, 9, 11 and 13 per cent,
These levels of protein concentrations were chosen to
got equally effective dose levels for the body weight
gain response. Feeding was ad 1libitum., Body growth,
PRERy hepatic nitrogen and hepatic SDH activities were
also deternined as indices of protein utilisation.

The coding of diets and experimental groups are
given in Table III.




TABLE IIX
CODING OF DIETS AND GROUPS

source of Percentage of Protein
Code Protein
By calculation By analysis
A Horsegram +
0S8R0 ") 9. 43
B . 1 11.10
¢ . 13 13.61
D . 16 15.81
E Skim milk 7. 90
¥ . 9 9, 30
¢ " 1 11,18
i . 13 13. 4
Body weight qhanges

The mean body weight changes of the experimental
animals are given in Table IV. The analysis of variance

and non-orthegonal comparison are gives im Table ¥V,



TABRLE IV

MEAN BODY WEIGHTS OF RAT3 FKD DIETS OF VARYING
SOURCES AND CONCENTRATIONSOF PROTEINS

al

group

30;1-00 of Percen-
Protein tage of

in the protein
diet in the
dlet

L aln - . A - i .

Body Weight
Initial ) Final Inorease
[ {0

m o W N O a w

Horsegram + 9
sesane

-do=- 11
«do=- 13
«d0= 18
Skim milk 7
ed0w ®
=do= 1
«do- 13

28.7 3 0.83% 42.4 & 1.41 13.6 & 0.80

27.8 ¢ 2,01
27.8 ¢ 0.73
7.2 £ 1.73
£7.1 ¢+ 1.23

28.1 4 108‘

28,8 » 2.30
29.0 ¢ 1.70

49.9 ¢ 0,81 20.0 ¢ 1.38
49.7 § 8.84 22.6 3 1.87
64.8 ¢ 2.88 33.4 ¢ 2,28
55.1 ¢ 8.61 27.9 £ 0.78
68,4 ¢ 3.94 40.7 £ 0. 54
83.0 ¢ 4.28 54.6 ¢ 0.54
9l.4 ¢ 2.13 62.65 ¢ 2.25

*Mean & Standard error




TABLE V
ANALYSIS OF VARIANCE FOR WEIGHT GAIR
(NOK ORTHOQONAL COMPARISON)

Source of Degrees of sum of

variation fresdom squares
Total 47 12685,31
Treatument 4 12057, 00*e
Error 40 698,31
Avs B 1 618.37%*
Bvs ? b § 1293,80%¢
Cvs @  § 3088,08*¢
Dws X ) § 1885,01**
Av P . 2203, 23
Bvs @  § 5612,41%¢
Cvs 1 4800, 00ee
GV E 1 86,44
Dvs & ) § 269, 8+¢

A+*Be+Ce?DdD

vs 2 6931,2]1**
E+PeG+ R

* gignificant at five per cent level

*¢ gignificant at one per cent level



In both the protein groups which wvers fed graded
levels of horsegran - sesane nixture or skim milk powder
increased growvth rates ococurred along with increased
protein intgkes. As oould be seen from Table IV the
increases in weights vere 13,6 4 0,80, 20.0 £ 1.32,

22,8 & 1,87 and 33.4 £ 8.25 for the rats fed 9, 11, 13
and 15 per cent proteins from horsegran and sesane Rix-
ture respectively. 1In animals fed skim milk the increase
in wveights were 27,0 ¢ 0.78, 40,7 ¢ 1.42, 54.6 2 0.54
and 62.8 ¢ 2.25 respectively vhen protein eoncentration
in the diet vas increased from 7 teo 9, 11, and 13 per
acent respectively. Thus the growth rato response for
skim milk protein was always significantly groater than
that of horsegram-sesame mixture (Table V),

Feeding a diet (R) with 7 per cenmt protein from
skim milk gave a weight imcrease response aoven greater
then that with 13 per cent horsegran-sessme mixture
showing therely that skim milk is a betSer gquality pro-
tein (Diet C). But the growth of 7 per eent skik milk
fed animals wers lower than those fed 18 per cent pretein
from horsegran = sesane mixture, thus proving that
quantity of protein was limiting at the 7 per cent laevel
for growing rats (Teble V).

IR the present study the lower grovth rates of
animals fed horsegran-~sessme mixture than that of animals



34

fed skim nilk sgrees well with the 'ﬂl‘ltl of Phansalkar
and Patwardhan (1936), and Swaminathan (1937), who alse
observed legumes possess lower growth prompting values
than skim milk, As could be Observed from the asmino
acid composition of the diets (Table VI) though sesane
supplementation to0 horsegram protein inereased the
methionine content, this defieleney was not fully correeted,
Moreover the total essential amino acid oontents were
also limiting in the vegetable protein mixture. These
might be the eause for the lower growth rates of the
animals fed horsegrams and sesame even at 16 per eent
protein level,



TABLE

Vi

AMINO ACQID COMPOSITIOR OF THE LXPERIMENTAL DIETS USED IN
COMPARISON WITH THE AMINO ACID REJUIRZEMENT OF GROWING
RATS BY ALMQUIST (1959)

-t

Ly Tryp- Pheny- Methio~ Threo~ Leu~ Iscle~ Val-
Diet sine to lale- nine + nine eoine ucine 4ine
phan aine eystine
!: e g ) Be [ O &e B
Horsssraq ¢
deaxane
9 percent
level 0.74 0,10 0.5 0.33 0,33 0.80 0.51 083
11 perecent
level 0.89 0,13 0.63 0.42 0,41 0.98 0,62 0,64
13 percent
level 1,06 0.16 0,75 0,50 0,49 1.16 0,72 0,76
18 percent
level 1.21 0.19 0.87 0.890 0,57 1.35 0.34 0,87
Requirement
of rats 1.00 0.20 0. 70 0.50 0.50 0.80 0.80 0.7
(Almquist
1969)
Scin nilk
diet
7 pereent
level 0.52 0.11 0.33 0.22 0.29 0.62 O.41 0. 44
9 percent
level 0.66 0,14 Q.42 0.29 0,28 0.81 0. 852 0.57
11l percent
level 0.81 0,17 0. 52 0.35 0.46 1.00 0.64 0,69
13 percent
level 0,96 0.20 0. 61 0.41 0.54 1.19 0. 78 0.82
Requirement
of rats 1.00 0,20 0.70 0.50 0.50 0.80 0.80 0. T
(Alaquist

1969)
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Thus, the inerease in quantity of protein in the
diet resulted in increassed gain in weight for both the
skim ailk and horsegran-sesame mizture proteina, Diffe-
rences in growth rates of skim milk fed groups and animals
fed horsegran-sesane mixture showed that this index is
unuttu‘to differences im quality eof protein,

¥ood and Preteln intake
The mean food and protein intakes of rats fed the

experimental diets are given in Table Vil. The analysis
of variance and non-orthogonal comparigson are given in
Table VIII.

TABLE VII

MEAN FOOD AND PROTEIN INTAKE OF RATS FED DIKTS OF
VARYING PROTEIN CONTKNTS FOR 28 DAXS

Peraentage ?;tal. fool Protein
group 3:‘;32:1:’ of protein intake intake
in the aiet (s) (s)
A Horsegraa +
Sesame ® 133.0 2 13.m18 11,97 £ 0. 76
B ~do=- 11 164.56 ¢ 8.25 18,09 g 1.24
¢ «do= 13 148.,0 £ 11.29 19,24 ¢ 0.6)
D «do- 18 160.8 & 14.39 94.07 & 1.1
E Skim milk
povder 7 138.4 ¢ 9.07 9.69 £ 1.77
r ~d0- 9 161.3 ¢ 6.59 14.52 ¢ 1.58
a «do= 11 169.8 ¢ 16,37 18.59 ¢ 1.30
| «do= 13 165,82 ¢ 6.37 £1.63 3 1.89

®%ean ¢ Standard Error
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TABLE VIII
ANALYSI8 OF VARIANCE FOR PROTEIN INTAKK
(XON .ORTHOGONAL COMPARISON)

!

variation Ppreedon squares
Total 47 886,09
Ireataent 7 848,48+
Error 40 7.4
Avs R p § 16. 4
Bvs?F b § 38, 38¢
Cvs @ U § 1,26
Dve H 1 17.86
Avs P p § 19,51
Bvs @ b § 0.76
Cvs R ) § 17.86

AesBeC+)P
vs - | 30, 04+
E+ P4+ 341

A N D PR D S YD -

¢ signifigant at five percent level
¢s gignifieant at one percent level



In general, animals wvhich grev more, ate mere food.
Increased food intaks correlated with the growth rates,
as could be seen from Tables VII and VIII. The differences
in protein intake among $he various Adietary groups were
mainly due to the differences in the protein concentration
of the various diets, and partly dus te the differences ia
food intake. |

Exgtein Effiglency Ratio
Table IX gives the PER values of the various experi-
mental diets.
TABLE IX
THE PROTEIN RFFICIENCY RATIO OF DISTS OF VARYING

SOURCES AND CORCENTRATIOKRS OF PROTEINS AT
DIFFBRENT LEVELS FED FOR 28 DAYS

- 5 lialy v - WD Gl Gl VD O GDED

Code of Souree of Percentage

the diet Protein “tg"g;:: in P. E. R

A Horsegram ¢ ® 1.05 g 0.091%
Sesane

B «30= 11 1.10 ¢ 0,095
c -do~ 13 1.16 g 0,162
D «do- 15 1.38 £ 0,101
E Skim milk 7 2.62 3 0,081
r edo= 9 2.82 ¢ 0.118
e -d0- 11 8.94 2 0,107
«d0= 13 2,92 ¢ 0.057

}

- - L L iy S dlaey wy SO

*vean 4+ Standard Brror



39

TABLE X
ABALYSIS OF VARIANCE FOR P E R
(NON--QRTHOQONAL COMPARISON)

D = AT Sw e -y -

veriation P fresdon squares
Total 47 38,90
Treataent 7 29, 20¢%
Brror 40 6. 61
AVvs B b § 10, 50%*
Bvsa ”r b § 8,.80%¢
Cvs @  § 9. 51
Dve R ) § 7.08¢¢
Avs ¥ p§ 9. 39¢¢
Bvs 0 1 10.16¢e
Cvs H § 9, 200
A+B+CeD
vs 2 27.85¢¢
E+FP e+l

- - e - e 5 W0 o 4D S5 Gr EN Wi 4 55 SR W 4P W e @ B Sl

® gismnificant at five per acent level
*s gignificant at one per cent level



In general the FPER vglues significantly increased
vhen dietary protein guantity was increased (Table X).
The mean PER values increased from 1.086 g 0.001 te
1.38 & 0,101 for horsegrams-sesane mixture, vhen protein
eontent of the diets vere increased from 9 to 18 per
cent (Diet A to D). For skim milk, the PER values
increased from 2.62 ¢ 0,081 to 2.94 ¢ 0,101 vhen the
protein content was raised from 7 to 1l per aent (Diet
B to G). But the PER values remained constant when the
protein content of the skim milk diet was further increased

to 13 per cent.

8o, the differences both im the quality and gquantity
of proteins affected the PER values. The group fed skim
milk had higher PER values than the groups fed the horse-
graz~-gsesame mixture and the PER values of 7 per cent skim
nilk diet (B) (2.62 2 0.81) was about twiee that of the
diet containing 18 per eent protein from horsegran-sesame
mixture (Diet D) (1.38 g 0.101).

The increase in PER values wvith increasing protein
gongentrations in the present study were similar %o several
reports (allison, 1955, 1959), Horsegram proteins had been
reported to have a PER value lower than 1,00, while the
easein and milk had PER values of nearly 3.00 (Xuppuswamy
at al., 1558), But the horsegram-sesame mixture used in
the present study seems to have a better PER of 1.38 at
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18 per cent level than the unsupplemented horsegram theredy
proving that sesane supplemontation had improved the
methionine eontent of the legume protein. This 1s elear
from the esloulation of amino acid pattera of the diets
(Table VI).

The fallure of PER values to increase for skim milk
diet after a 1l per cent protein concemtration in the
present study vas similar to observations on sesveral good
quality arnimal proteins like egg proteins vhere a decline
vas Observed vhen protein concentration was increased above
10 per cent (Allison, 1668,, Jansen, 1962). Jones and
Divine (1944) and Hoagland gt al (1949) found the PER
values of skim milk t0 deerease as the protein concentra-
tion was raised from 8 to 10 and 13 per cent, Tasker
et al-(1962) observed a lovering of PER value from 3.04
to 2.32 vhen concentration of skim milk protein was

inecreased from 10 te 15 per cent.

Hogstogd and Worcester (1947) found that weight
gain alone wvas sufficient to evaluate pretein quality
without the need to consider the proteinm intake of food
intake. This seem: to de true from our statistieal ana-
lysis of the data for weight gaim and PER values for the
various diets. The significant differences among the
various groups seem to be similar for both these responses
namely, wveight gain and PER values (Tables V and X).



Liver Weight
The mean weights of the fresh livers of the experi-

mental animals are given in Table XI.

The non orthogonal

compapison: between the dietary groups are presented in
Table XII.

TAELE X

MEAR LIVER WEIGHTS AND TOTAL HEPATIC NITROGEN
OF RATS FED DIETS OF VARYING PROTEIN CONIENTS

Percen- Heptie Total
Syurce tage of Fresh liver Nitrogen Hepa-
Code of Protein wveight per g.of tie
Protein in the liver Nitro-
diet Lo ng gen
ng
a
A Horsegran+ 9 2.60 3 0.254 23,90 64,3 ¢ 7.97
Sesane
B =30~ 11 8031 L 00291 28.51 95.3 : 8096
=do=- 13 3.83 b 4 0.284 36.90 137.8 210,56
D «d0- 18 4.09 ¢ 0.178 37.77 154.5 $£11.81
E Skim milk 3.00 b 4 0.308 20.06 60,2 3 5.28
P '“‘ 8.76 t 0.357 80.29 113.0 ﬂlow
g «d0=- 11 4.82 : 0.379 36.38 175.1 +13.80
H =do- 13 4.81 ¢ 0.22) 45.49 218,8 216.21

fMean 2

Standard Rrror



TABLE XX
ANALYSIS OF VARIANCE FOR LIVER WLIGHT
(NON QRTHOQONAL COMPARI SON)

Variation Preedon squares
Total 47 75.04
Treatment ? 13.i8
.Brror 40 61.51
Avs B ) § 0.29
Bv F ) § 0.5.6'
Cvs @ 1 '2.89
Dvs H O 1458
Avs 3.38
Bvs @ 1 6,82¢
Cvs H ) O 2.89

A*BeGe¢D

v 2 2.26
Ee¢PeOeR

¢ signifieant at five per cent laval
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The mean liver weight was the highest in rats fed 13
per cent level of skim milk diet (4.81 ¢ 0.221 g.) and
lovest in 9 per cent level of horsegraz-sesame protein
aixture vhiech grev least (2.69 ¢ 0.254 g.) Thus the hepatie
wveights were a reflection of the final body wsights of the
sanimals (Table IV and Table XI). The heaviest livers were
of those animals vhese body weights were the highsst. as
the protein concentration of the diets and body welght
gains increased, the hepstic weights alzo increased in the
animals fed horsegran-sessss mixture and skim ailk,

From the results of the statisticeal analysis (Table XII),
it 1s clear that none of the mean hepatic weights of the
experimental groups were significantly different from the
others exsept batween group B and G,

Hepatic Nitrogen

Tabk XI shovs the mean Values and standard errors for
total hepatic nitrogen in the experimental animals. 7ZTable
XI1II gives the analysis of variance and non.orthogonal |
gomparisons for hepatie nitrogen.

The highest value for hepatic nitrogen was found to
occur in animals fed the skim milk at 13 per acent level
vhich was 218.8 #» 16.21 mg. The lowest mean hapatic
nitrogen valus (60.2 2 5.25 mg.) was obtained for animals
fed 7 per cent skim milk. As the protein concentration



vas increased from 9 to 11, 138 and 18 per cents and 7
to 9, 11 and 18 per cents, the hepatie nitrogen val ues
incereased as could be seen from Table XI and Figure I,

TABLE XIIX
ANALYSIS OF VARIANCE FOR HEPATIC NITROGEN
(NOX ORTHOGONAL COMPARISON)

- e - e W b e U G e -

Volation  CHORWT e
Total 47 56413, 0
Treatzment ? 26480, 0e*
Error 40 29933.0
Avs B ) § 52,1
Bvs? 1 108,83
Cvs G 1 6788, 0o¢
Dvs H 1 12403, 5o
Ave B 1 7301, 3o
Bvs G ) § 191280, 0%
Cve 8 p § 24824.80¢
A+Be+CeDd

vs 2 5987, 5ee
BE+P+G+ R

L L L] - - o e e o = -

*¢ gignificant at one per cent level
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The hepatie nitrogen contents of the skim milk fed
groups were higher to the group fed the horsegran-sesane
sixture for all protein concentration except in the two
lover levels. Animals fed either 9 or 11 per cent horsge-
gran=-gsesame mixture and 7 and 9 per gent skim milk had
similar hepatie nitrogon concentrations as per the non
orthogonal comparisons (Table XIII).

Thus the picture for hepatiec nitrogen coneentration
is slightly 4aifferent from that of the growth and PER
indices vhere even the lovest level of skim milk ( 7 per
gent) gave a better response than the vegetable protein
mixture. The skim milk proteins vhigh could give a better
growth performance than in the animals fed horsegran-
sesame mixture, could mot fill up the hepatie reserves
80 very efficiently. Thus the results of protein evalua-
tion based on growth response may not be siamilar to those
based on liver nitrogen consentration. This is in agree-
ment with the findings of Allisom (1959) wvho observed
that filling up hepatic nitrogen stores may not rully
reflect the protein nutriture of the animal.

Uepatic Sucqeinic Dehvdroganase (SDH) Aativity

The activity of hepatie suceinic dehydrogenase had
been expressed as mierograam (meg.) of triphenyl tetraso-
liun chloride reduced by g. of vet liver in 30 minutes
and presented im Table XIV. The analysis of variance for
this data is givea im Table XV,



TABLE XIV

THR HEPATIC SUCCINIC DEHYDROGENASE ACTIVITIES
OF RATS FED DIETS OF VARYING CONIENTS
AND SOQURCES OF PROTEINS

Percentage Hepatic SDH aActivity
Code of the Source of of Protein Mcg. of triphenyl te-

Group Protein in the trazolium chloride re-
diet duced per g./30 minuses
a
A Horgegraa ° 833 ¢ 41.16
Sessne
B «do=- 11 1064 ¢ 38,78
¢ -d0- 13 1354 ¢ 85,60
D 0w~ 16 1683 g 89,08
B Skim milk 7 964 ¢ 36,07
powder
r ~do= ) 1182 ¢ 46,66
a «d0=- b § 1564 ¢ 65,50
=do=- 13 1862 ¢ TM1.68

[rew— -

- s e - - -

®Mean ¢ 8tandard Error



TABLE XV
ANALYSIS OF VARIANCE POR HEPATIC SDH ACTIVITY
( NON ORTHOGONAL COMPARISON )

e

Source of | Degrees of ;;l of
Variation freedom squares
Total 47 2852949, 3
Treatunent 7 2784381, 3%¢
Erreor 40 68563, 0
Ave B 1 22088, 60
Bvs ? 1 20650, 6+
Cvs @ P § 66360, 19+
Dve R b § 47882, Ge®
Ave P 1 182701, 5ee
Bvs @ 1 375000, Qe+
Cvs B 1 386588, 1¢¢

A+*+B+CeDdD

vs 8 147737.00¢
Be*re+ag+ R

* gignificant at ome per eent level
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The highest and lowest hepatic SDH activities were
those of the animals fed 13 per cent skim milk
(1862 ¢ 71.68) and 9 per cent protein from horsegran-
sesame mixture (833 ¢ 41.18) respectively, which is similsr
to their growth responses.

In both the experimental protein groups, ths hepatie
SDH activities increased along with increased protein eon-
centrations (Pigure II), 8Significant differences vere
observed between the groups of rats fed skim milk protein
and horsegraa-sesate mixture. All the animals fed skim
milk showved higher hepatic SDH activities vwhem compared to
the animals fed equally effective doses of horsegranm-
sesane mixture whiech showed that the quality of dietary
protein influenced the hepatie SDH sotivities.

Unlike the growth response where the 7 per cent skim
milk had a response signifieantly above that of the 13
per cent horsegran-gesane nixture, the SDR activities
were not different for those two groups, 80 it might be
coneluded that the hepatic 8DH enzyme response; increases
proportionally with increasing quantities of protein
and quality of proteins.

Muramats® and Ashida (1962, 1963) observed that the
relative valuecs of growth index, protein efficiency ratie
and hepatic 3DH activities were fairly identical vhen
different dietary proteins were exanined. Such a finding

agrees vith the results of the present study.



Kahirsagar and Patwardhan (1968), Litwack gt al. (1963),
and Mursmatsu and Ashida (1962) reported that hepatie SDE
response was varied not only due to quality but also te
varying level of dietary protita differently and these res-
ponse curves were correlated with giowth rates of animals.
Thus as per the above reports and the results of the present
study heopatie 8DH activity eould de used as an index for
dietary protein evaluation.

Garcia and Roderuck (1964) found higher total hepatie
nitrogen in rats along with higher activities of hepatic
S8DH. The authors explained such a phenomenon on the basis
that enzymes are essentially proteins and changes in the
enzyme activities reflsect changes in the total hepatie
nitrogen. Such a finding seems to be sizilar to the data
presented here.

Gagresalon of gain in body weight to ftotal nitrogen or
protein intake

The regression of galn im body weight te total mitrogen
or protein intako was caleswlated for skim milk and horse-
gran - sesame¢ mixture. The 't! test was used to test for
signifieance, the difference between the slopes of the
regresd on lines vhich were found te be significantly
different (snedecor, 1956). The relative growth index
(Hegsted and Chang, 1968), an expression for the relative
nutritive value of dietary protein was caloulated for the



horsegramn-sesame mixture. 7This index is the slope of
the regression between mitrogen intake and body weight

galn expressed as per eentgge of the slope obtained vwith
the reference protein, namely skim milk powder.

TABLE XVI

REGRESSION OF GAIN IN BODY WEIGHT ON TOTAL NITROGEN
AND PROTEIN INTAKE AND DIETARY PROTRIN LEVEL®

[ L L L 1T 1 ]

Regression equations

Protein

Horsegraa-sesane
mixture

8kim milk powvder
Nitrogen

Horsegram-seosaneg
mixture

Skim milk powder

Rlstary protein
sonceptration

Horsegran-gesane
aixture

Skim mnilk powder

Dy e WS D - L

Y = gain in body weight in g/28 days

X = total diotaryagrotoin or nitrogen
intake in g./28 days or dietary
protein concentration

Regression Correlation
goefficient rxy

105671 - 6031 = ! b 0.945
2.,923X - 0,66 = Y r= 0,909
10,240 « 7,62 s ¥ rs 0,008
18,840X » 1,99 = X P = 0,993
2.,412X - 7. 78 = ¥ r = 0,880
4,630X = 1,14 X re 0,845

¢ Calculations given ia Appendix VI
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Suitability of the slope ratio assay
Clarke (1952) had developed a method of analysis for
assays in vhich the response to e ach preparation vas
linearly related to the dose. The statistical method ip
as followss
“For each preparation, together wvith blank or
sero dose, the mean responses (Weight gain)
are approximgtely linearly related to the dose
(dietary nitrogen). Straight lines intersecting
at zero dose are fitted to the mean responses, by

estimating the multiple linear regression equation.®

The above statistical model was applicable t0 assays
vith uniform dose levels for all preparations, equal
spacing between consequtive doses of each preparation, and
equal replieation for all treatments. -!ho present experi-
mental design did not satisfy the above statistical model,
because of variations in nitrogen intake between and within
the diet groups.

Log dose response aasay

The log dose response curves, using body weight gain
as the response and log of protein intaske or log of nitrogem
intake as the measure of dosage were galeulated for the
data of the present study. Two sigmoidal curves were
obtained and there was no linearity in these curves

(Figure III). Inspection indicates that the central portions
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of these curves may be nearly linear and parallel. This
finding agrees with the result of Hegsted and Chang (1965)
vho have expressed that using body weight gain as the res-
ponse and log of protein or log of nitrogen intake as the
meagsure of dosage, falled to satisfy the requirezents of a

satisfactory slope ratio assay.

Slope ratio azsay

The gain in body weizht of each group has been plotted
with three metsmeters of dosage. (1) Dietary protein intake
(2) Dietary nitregen intake (3) Pecemntage of dietary pro-
tein., (Figures IV, V and VI). The linear regression lines
were caloulated using the four dietary groups for each
protein (Table III).

When the data were plotted against the acetual mitrogen
intake or protein intake (Figure 1V) the fit was better

as expected.

The correlation coefficients reached very high levels
(r = 0,945 and 0,999 for horsegran-sesans mixture and skim
milk respectively for protein and » = 0,995 and 0.993 for
nitrogen)., The two regression lines were having very rearly
the sane intercepts ( - 6 g. and - 3 g.), agreeing close to
the observed experimental values and the errors in the slope
tended to be smaller (P>0.,01). A veight loss of 6 g. are
noraally encountered in this laberatory for a weanling rat
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maintained in a protein free diet for 21 dirl. Aceording
to Finney (18562), for a satisfactory slope ratio assay,

the regression lines for the standards and the unknown

must intersect at the same point and should correspond to
the response of animals given sero d0sages. Thus the regres-

sion lines of the present assay satisfied this requirement.

When gain in body weight was plotted against per eentage
of dietary protein, the data appeared to deviate from a
linear regression (Figure VI). The eorrelation coefficient
for these regressions wvere 0.850 and 0,845, although high,
were not equal to 0,945 and 0.999 obtained when actual
nitrogen or protein intake were used (Figures 1V and V).

The standard deviation of the slopes were greater than
the previous regressions based on actual nitrogen or protein
intake. The intercepts tended to be lower than the experi-
mental values for the sero mitrogen group. 8Since the
measurement of food intake is most time eonsuming and
therefore expensive part of the assay, there would be
considerable practial gain if the measuronent of food
intake could be eliminated without affeocting the repre-
duciability of the assay (Hegsted and Chang, 1965). But
our data prove that there is need to measure the astusl
food and protein intake.
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Assuming a value of 100 for skinm milk, the value for
horsegran-sesame mixture was calculated froa the slope
ratio assay to be 53.6. No report on relative nutritive
index is available for horsegran or its mixture for
eomparison. But vhile compared to the relative nutritive
indices obtained using lactalbumin as a reference protein,
for soy beans, casein and vheat gluten, a velue of 83,6 for
horsegran-sesanme mixture is better than what ocould have bean
obtained for unsupplemented horsegram or any other legume.
As the main purpose of the present study is to evaluate the
"bioassay method" of Hegsted and Chang (1965), there were
no unsupplemented horsegram dietary groups included in the
present study.

In the present study the consistent increase in growth
rate of animals fed increasing levels of skim milk protein
or horsegraz-gesase mixture showed that the relative nutritive
Value of proteins was essentially constant at varying levels
of intake up to the levels used in this study.

80, our resilts are contrary to the econclusions of
Miller and Payne (1961) or Merrison et al- (1963), who by
using Net Protein Utilisation (NPU) index observed sonsistent
decreases in the utilisgation of nitrogen as the intake of
good quality protein Vobe increased until gpproximately
Raximal growth was achieved.



Rietary proteln lovels

The levels of protein chosen are givea im Table III.
In all adequate biqassays, a standard must bs run with the
unknown and gomparisons between the standard and unknown
should be made at e qually effective doses. 7This i3 empha-
sized by Hegsted and Chang (1968) because it is rarely
done in Protein assays. The above levels vere chosen for
skim milk and horsegran-sesane mixture by previous exple-
ratory experiments not reported here, for equally effective
veight gain response. Our data om the growth ratie also
Justifies this excopt that welght gaim at 11 per cent skin
milk wvas too high and at 9 per cent horsegram-sessme nix-

ture was too low,



¥ SUMMARY AND CONCLUSION

The study was planned to investigate the suite-
bility of a bioassay technique for the evaluation
of the nutritive quality of a mixture of horsegraa
and sesans proteins im the proportion of 4 s 1 in
'ordor to meet the amino acid requirement of growing
Pats at 10 per cent concentration (Alaquist, 1969)
using skim milk as the reference protein. Iventy
three days o0ld male rats of Norwsigian strala wore
used for the sxperiaent, Forty-eight rats were
divided into eight dletary groups each containing
8ix animals. The animals were fed for 28 days,
diets in wvhich four differont protein concentra-
tions of sither skim milk er horsegran-sesaze xix-
ture were incorporated. PFceding was ad libitum,
Por the horsegran-sesasae nixtures the protein eon-
gentrations chosen vere 9, 11, 13 and 18 per cent
and for skim milk 7, 9, 11 and 13 per eent. These
levels are different bocause of the differences in
the nature of the proteins in terms of growth and
other responses. The findings are as follovss



1. The growth rate responses for the skia milk
protein diets were always greater than that of horse-
gran-gsesass mixture for all the dietary protein con-
eentratiens.

8. The food imtake of rats did not vary much
exeopt in rats fed 9 per eent horgegrat-sesane aixture
diet and 7 per cent skim milk dlet wvhich consumed less
food than others. Thaerefere the protein intakes of the
different dletary groups varied only due te the diffe-

rence im the concentration of protein of the diet,

3. The mean PER values increased from 1.06 ¢ 0,091
to 1.38 ¢ 0.101 for horsegraz-sesame mixture when pro-
telin content of the diets were increased from 9 to 15
per gent, For skim milk the corresponding PER values
increased from R.62 ¢ 0,081 to 2.94 ¢ 0,101 vhena the
protein content was raised from 7 to 1l per cenS, But
the PER values remained constant vhen the protein
eontent of skim milk diet wvas further inoreased te
13 per cent, |

4. No signifieant difforences in hepatie weizhts
vere ®bserved among the eight groups of experimental
animals, But there were signifiecant differenees inthe
total hepatie nitrogen content and hepatie nitrogen



per g. of fresh tissue asmong the groups fed different levels
of protein. The lovest value of 60.2 ¢ 5.25 mg. of hepatie
aitrogen was found 4ia rats fed 7 per cent skim milk and
highest value of the 218.8 % 16,8 mg. of nitrogen in 13
per cent level skim milk diet. 4is the protein eoncentrsa~
tion vas inoreased from 9 to 16 per cent in the horsegram
sesame diets and from 7 te 13 per cent in skim milk diets,
the total hepatic nitregen values also increased from

64.3 £ 7.97 to 154.8 ¢ 11,8 mg. of nitrogen and 60.2 ¢ 5.26
to 218.8 2 16.8 mg. of nitrogen respeetively. Thus the
picture of hepatic mitrogen concentration vas slightly
different from that ef growth and PER indices. Im the

case Of FER even the lowest level of 7 per cent skin ailk
gave a better response than the vegetable protein amixture.

8. The hepstic suscinic dehydrogenase (3DH) aastivity
vas ineoreased vith the increase in the level of protein
and quality of protein. At all levels the rats fed skia
milk diet had higher hepatie 8DH activity than that of
rats fed horse gram and sesame mixture, HRigher hepatie
aitrogen contents were correlated with higher hepatiec
8DE enzyme activities.

€. The relative nutritive index o* horsegran-sesane
mixture was found to be 83.6 assuning a value of 100
for skim milk. The "Slope~-ratio®, Mloassay with young



rats for the estimation of the relative nutritive ynluo
of a nixture of horsegran and sesame¢ protein im the
ratio 4 ;s 1 had been evaluated.

Analysis of the data and the log dose response surves
using bdody weight gain as the response and 1log nitrogen
intake or percentage of dietary protein as a mesasure of
dosage failed to satisfy the requirememts of a satisfac-
tory assay. Howvever calenlation ef slope ratie using
slopes of the regression lines relating actual proteia
or nitrogen intakes as dose and body veight gain as res-
ponse provided useful data. The Pegression lines vere
linear and indieating that sppropriate eoncentration of
various dietary protein oould be readily selected for
investigation. The best fit of the data wvas obtained by
plotting gain in veight agsimst nitrogen intake. ZIThis
gave higher correlation eo-efficients, small errors on
the slopes of the regression lines and intercepts whioh
approached those, found experimentally.

The 'relative growth index' vhieh 183 an expression
for the relative nutritive value of dietary proteins,
is the s”lope of the regression betweea dose and response
expressed as a percentage of the slope obtelned with the
protein of reference quality or maxisum nutritive value,
Using this index and skim =milk as a reference pretain of
100, the relative nutritive value based om body weight

gain of horse-gram sesame nixture vas 53.6.
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APPENDIX 1

COMPOSITION OF THE VITAMIN MIXTURE

E

Constituents Mg.
woame - e nccncnn e cecn - on e oS

Thismine Hydrochloride 10
Pyridoxine : 10
Pantothenie acid 80
Nicotinamide 100
Inositol 400
Choline Chloride 4
Riboflavin {added last) 10

S -EE;.

---COOOQM--- -e
In 100 gus of sucrouse.

D o e m-
AT



APPENDIX 11

COMPOSITION OF THK DILUTED B~COMPLEX MIXTURR

Constituents In 100 M1,
Thianmine mononitrate U.S.P, 4. 40 mg.
Ridboflavin I.P. 1.47 mg.
Pyridoxine hydrochloride U, 8.P, 0.59 mg.
Gyanogeebalamin U,8.P. 4.40 ng.
Nicotinie acid amidel,P. 0.20 mg,
DP.ke Pante Shenyl alcohol 4.40 mg,
Methionine N, P. 102,90 mg.
Choline chloride 29.40 ng.
Sodium glyeero phosphate 176.40 mg.
Alechol 985% 10 nl,
Absolute alchohol 1l nl.

Rallis India Limited
Teddington Chemical Factory Divigion
Suren Road, Mdheu. Bombay - 69



APPENDIX III
OCOMPOSITION OF SALT MNIXIURR
HOWK OSER SALT MIXTURE

g4 e I Was o -

a"aan - Ay .

Amount
Salte ms.
Calcium eitrate oo 308.8
Ca (H, POq)g Hg0 e 112.8
Hp K PO, oo 218.7
K el oo 124.7
Na al ve 77.0
Ca Cog . 6.8
3 Mg. Coz (Mg OH)g o 3H0 .e 35,1
Mg 50, (Anhydrous) .o 38,3
Pe NEq Citrate U.8.P 91.41 2
Cu S04 o & Hg0 .98 |
Na ¥ 0.76 §
Mn 804 o 2HgO 1,07 ; 16.7
Alua 0.54 §
X1 024 |

Tetal 100.00 1000,00




82

APPENDIX IV
CALCULATION OF STANDARD ERROR

The sample standard error is sysbolized by 85 and

it i3 ogual to _g_

o Where 8 18 standard deviation eof
Ia

the mean and n is the number of observations, Standard error

was @glculated as follows:

8
Standard error * 8 o~ = f .
. 8 x
 §
3 = =x8 —(=x1)%),
(a-1)
For examples
No. xi n’
1. 166 27650
8. 153 23409
3. 161 25921
4. 187 18768
8. 175 30628
6. 1856 as0es
Total 987 164308
Where n = 6
r "=xd = %Z = 1648

(=x1)® = 974169
= x12 = 164305



Using the above formula

974169
2 lms D SR G e
g¢ = 6 164305 == 162361,6
=
(6~1) 5

g = 388, 7

8 - 19,718

8 ; - 19- 7].8 = 8,285

2.449

Standard error = 8,266

Based on this She other calculations were done.



APPENDIX V

ANALYSIS OF VARIANCE AND KON ORTHOQGONAL
COMPARI SON

Any observed value is the sum of three parts, (1) an
over-all mean, (1i) a treatment deviation and (111) a randon
element from a normally distributed population with mean zero
and standard deviation o .

The folloving table shows a symbdolic table of data for
p groups with n data in each group.

Group I Group II Group p
x) 71 P
X9 Yg Pg
n iteas n items n itens
Sums & 83 ﬂp
Tétal nunme
ber of pans= N

The calculations and smalysis of varignce are showa in
the following table:

Variation: Degrees of Sua ef Mean Variance
due to freedom squares square ratio (F)

Total ¥-1 (4) - -

Among means p-1 (s) (7) (9)

Within groups N « pe=p(n-1) (6) (8) -

- - o N B ED O R o SSup Shan
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(1) Sun of all data 8X ™ 81 ¢ 83 + evscece S5p = 8
() Sum of squares ax = X+ !12 *erees P

(3) Correetion term €= 52 / N

(4) Total sum of squares = sxz =e Co

(5) Among means = (5,2 ¢ 892 ¢ euuies apz) /n=-¢C
(6) Within groups ®* Line 4 ~ Line §

(7) Among meana. Mean squares line 8/(p-1)

(8) withim groupss 1line 6/(F - p)

(9) Iteas 7/iten 8,

The analysis of variance and non-orthogonal com-
parisons smong the means wvere done according $o Model 1.
(3nedecor, 1956, 287).



86

L1266z = m«u $oCi¢lL = IX H dnoap L6E9YL nw«n 4026 tx ( dnoxp

6€96BL = > V% $o1G60L = X o dnoap LECLOL =, Tx ¢+19), 1x 9 dnoap

oLLlig = 27X ¢e2g0 = X g dnoxp 2$mdﬁ ¢e2LG IX § dnoxp

LYR2 = P ¢e419¢ = 1X ¥ dnoxp s, JA:T] -, VX ¢egpt IX v dnoxp
LiZ6B2 €1CL GEO6 LLGCLOLLLE 289 LYSZZL9E LEEOVLLZE LEEL0OL LOL OY69G ZLG OFLOZ 98 Tw30l
6ROLY 612 1LO09(E 66LPELol 21 ON9€ 09 62212 GO L9LLL  LEL 12€21 LiL L9¥8 26 )
69169 €92 ¥PO2EE 8EL EHIPZLGL LP0OG VL 222 891 YO6E¥E BGL 60¥6 LE 1969 8 4
68ZLL L9Z ©0622 O06GL 9€Z1190L 6H2C LG €¥¥02 €FL ¥8COL €21 9GFEL oltL 1092 16
602iy COE V0268 861 G22L & 6082 €6 9GGLZ 991 L2EEL 6EL 9G0L B 6082 €6 {4
9E¥2Y 902 6€9€¥C LSL 9L8GI9ZL ¥0909 6L 9BESZ #9L 19t1LL LEL 6¥FLL LOL $29% 89 4
GZ0bZ GGL 19iFL 6LL OOVS OB 29LL 2% 1¥O¥L 121 OOFV9 08 6%2€ LS 189L b t
27X x _;x ¥ LFF TX LIX B I I LIT | I I W W

‘Cf*s




87

Source of  Degrees of Sum of Mogum—of squnros v
variastion freedom squares
M
Total 47 656413
Treatment 7 26480 3782.8 5,08
Error 40 29933 748,.3
AVs E 1l 82 52.0 0.07
Bvs ? b § 108,3 108.3 O.14
cve G b § 6788.0 8?88. 0 °.13
Dvs B 1 12403.8 12403.6 16,68
AvVvs F 1 7301.3 7301.8 9.76
Bvs G 1 19120.0 19120,0 286,686
Cva H 1 24824.8 24824,.8 33.17
A+B+Ce+D
vs 2 11878 5987.5 8,00
E+P+G+H
=xi 386 = xi® 26740 (= x1)2 148996
872 56540 327184
787 101391 5688289
927 146991 859329
361 22647 130321
682 81770 465124
1081 189639 1104601
1318 286217 1723969
6089 9212385 5347813
89 2 - Iapands W - S U eh b B
X= L‘i.?..).. 764822, 8
- .246.721.& = 891302.3

Z= 921235,6



Treataent s yex = §891302,3 - 764822, 8

= £6480,8
Error =5y = 021235.6 - 891302.3
s 29933.3
AV R =xi s 386 2
361 (25) 6256 = 5%
~ = 17 * T
26
Bve P s xi s G832 2
672  (110) 12100
aow 4 = = 1080’
110 12
CvsGd <=xi = 10851 2
767 . (284) 81456 67880
[ TNy = =
284 12 12 *
Dvs K P - = 1313 2
927 (386) 148846
coine = = s 12403.6
386 12 12
Avs ? = xi s 8% 2
386 . (296) 8%616
mea =
o e 1% & 7301
8=
Bvs O <xi = 1081 )
672 . (479) . 229441 19120
o Wby =
479 12 12
Cvse X g o § % 1313 ( 2
767 546 897896
aees - ) B e B 24824, 8
848 12 12
A*BeCeD 3407 - ,
vs =x = 2652 (755 )9 5700256
E+F+QeH = (768) = = 11878

788 48 4

Lo L L o
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52
743.3
108,3

748.3
6788

748.3

A vs R mean square s s 0,07

B vs F mean square = s 0,14

C vs G mean square = = 9,13

D vs H mean square - ,];Efo_f;_i s 16,88
748.8

7301.3
748.8

19120
748, 3

24824.8

C vs B mean square = 7.8 = 33.17

A vs F mean square = = 9,75

= 25,586

B va G mean squars =

A+B+C+)D
11876 5987.6

2 " 7@ "%

vs mean sguare -
RB+P+0+ R

Only 'Ft paties wvhich hed a probability of 0.05 te
0.01 or less of being as large as the ealoulated value by
change alone were considered to be signifigant.



Total

Mean

APPENDIX VI

CALCULATION OF LIKKAR RKGRESSION
(Snedecor, 1956., 123-124)

In the simple linear regression situation it is postulated
that the relationship between y and x is of the form
-7 = D(X-T)
Where y is the estimated deviation ef Y corresponding to
any X deviation, b is sample regression ecefficient. The
doses nay be taken as x and the responses as J, Using the
formula ¥ = F = b (X = X) a sur eal be wrked out in the

following ways

Protein weight Deviation from Squales Produocts
intake gain —Reans

[ 4 [ 4 2 2

x R y x } 4 x J xy
u. 97 13. 63 - 6. 37 - ’. 75 40. 6769 76. ‘&5 52. 5800
18,09 20,08 = 0.,25 « 8.35 00,0628 5.5228 0.5876
19.24 22,46 0.90 0.08 06.8100 0.0064 0,0719
24.07 33.40 8.73 11,02 38.8329 121.,4404 63,1600
73.37 89, 52 o 0 74,2823 203.5318 116,3694
18.34 32,38

-» sk dd g

Sample regression co-effieient -
xy 116,36984

») = — =
x 74,2823

= 1,567




)

In Seras of the original units, the gample
regregsion equation 48 =

F=¥ ®» b(x=2x)

¥ = 22.38 ® 1,567 (X » 12,34)
¥ = 22,38 ¢ 1,667 (X « 18.34)
y = 23.38 ¢ 1,567 (X = 28,60)
® 28,60 « 22,38 ¢ L 567F
® e 6,31 ¢ 1,567

Based on this the other galculations were done,



APPENDIX VII

CALCULATION OF CORRELATION CORFFICIENTS
‘Bn.d.“” 1”6.’ 13?)

Belation hetween the sample coefficients of correlation
and regresziop

If ¥ were designated as dependent, its regression
on x would be by == xy/= x2, but if x were dependent the
regression of X on Y would become bg ==xy /zaya. These
expressions differ in thelr denominations oniy. 1If 'pr’
is rear = 1, the lines are ¢lose together. The regres-
shon of Y on X 1is alvays the line that makes the lesser
angle with the vertical axis.

Now it is seen that -

.<<_x1 =X . (éxn' .-
Wkt v " oo

Thus ’

"t o [apn

For example,

Correlation coefficient for regression

of body weight gain on protein intake can be ealoulated



= xy - 116, 3694 (Appendix VIO

=2 = 7428
2
= y° =  208.6318
o (16,37)%
r = = 0,804
74.28 x 208,6318
» -

/ 0.894 = 0,945
» - 0.945

In the same way correlation coefficlent was
¢alculated for all the ether samples.
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