


evUPIEs oN
THE AMINO ACID COMPOSITION OF MUSCLE TISSUES
OF BUFFALO, GOAT AND POULTRY,

WITH REFERENCE TO LYSINE, ARGININE, LEUCINE,
ISOLEUCINE AND PHENYLALANINE

ale
=

THESIS \;
C
Cs,zzgmz'z’z’ea/ fo fthe ?53-\\
Magadh University

In Partial Fulfilment Of The Requirements For The Degree Of
MASTER OF SCIENCE ( Animal Husbandry )

eerms e

BIHAR VET! \f AY COLLEGE]

Aec, No .. L”753 |
| Dae elf 1 p e J

S—

Sy
fames agosepf Z’gya

B. V.Sc. & A. H., N. D. P. H.
Bihar Veterinary College, Patna.

1969.






Department of
Anima] Nutrition,
Bihar Veterinary (o1l eg e,
RATNJ,

I certify that this Thesis has been
prep; under my supervision by sri J. J. Tigga,
a calate for the degree of M. Sc. (A.H,) with

Animutrition as major subj ect, and that it

mcq"'ates the results of his independent study.,

|
[
| .
|

| p 3 4 S s e e
/ L. (S
| ( D.B. Mukherjee )
{ ) G- V. Se. 9 Mo Se. 9 Phn D. 9

,’ Professor of Animal Nutrition,

Bihar Veterinary College,

PAT N A



Magadh University M. Se. (A, H.) Thesis, 1969

ACKNOWLEDGEMENT

The author expresses his sincere and deep sense of
gratitude and indebtedness to his revered teacher, Dr, D. B,Mukherjee,
G.V.Sc., M.Sc., Ph.D. (Aberdeen), Professor of Animal Matrition,
Bihar Veterinary College,Patna, under whose guidance, the present
investigation was planned and conducted. It would have not been
possible to complete this work in due time and in present form

without his invaluable help, stimulating discussion and keen

super=-vision,

With gratitude he sincerely thanks Sri S.M. Ishaque,
G.B.0.V.C. (Pat), P.G. (Germany), F.R.V.C.S. (Sweden), Prineipal,
Bihar Veterinary College, Patna, for the generous facilities
extended throughout the present work.

He expresses his sincere thanks to Sri T,Prasad, B. Se.,
M.V, Sc.y Lecturer, Blochemistry for his helpful suggestion and
particular interest shown in the present study and also to shri
A. K. Bosey, B.Sc., M.3c. (A.H.), Junior Assistant Research Officer,
Department of Animal Nutrition for his constant encouragement
during the current investigation.

He is thankful to Sri R. J. Prasad, M.Se. (A. H.),
P.G.‘(Agric. Stat.), Lecturer, Animal Genetics, for his valuable
guidance on statistical analysis.

Thanks are also due to the staff members of the Depart-
ment of Animal Nutrition, for extending the requisite facilities

in the laboratory.

Page N o(I)’



Magadh University M. Se. (A, H.) Thesis, 1969

—_—

Sincere gratefulness is extended to Sri Pp. Lakra,

G.B.V.Cey P. G., Professor of Parasitology, Bihar Veterinary

Collegey, Patna for his affectionate interest and encourag emen t,

The author sincer,ély, thanks the Government of Bihar,
Department of Agriculture and Animal Husbandry (Animal Husbandry),
Patng, for sanctioning the extra~ordinary leave for the duration
O0f Post-Graduate studies and to the Welfare Department of the

State, for the financial assistance extended,

Appi'OpIi.-ately, at last, it 1s a pleasure to attest the
appreciations to my wife, to our ASHA and ANIL for the enduring
patience and their inspirations.

{7%_,,,_5;,

( James J. Tigga ),

)T o PR —




Magadh University M. Se. (A. H.) Thasis, 1969

Ia
lo
I==
I=3
I=
1=
i=3
e

CHAPT ER
I INTRODUCT ION. S
II REVIEW OF LITERATURE ,,,
III MAT SRIALS AND METHODS...
v RESULTS AND DISCUSSION, .
v SUMMARY.
BIBLIOGRAPHY -

o ot i s e

P
i

L)

PAGE

10
49
71
102

1"x1.

Page No,wurrseemsssssesass




1
=] |
bl |
]|
o
|
2] |
O

INTRODUCT ION.

A | udmﬁ_ﬁ
V ‘08 -H, Nﬂ\:mhwkﬂm: .—.:

BISQ . v

e ..F A I

mwcm 1Isey B 0

Page No,wuinins



Magadh University M. Se. (A. H.) Thesis, 1969

INTRODUCTION

"Over the greater part of the earth and for at least
three-fourths of our two billion planetary popul ation, the will %o
eat 1s the primary urge of the eternally hungry man",

( Bowman, 1935 ),

From the dawn of history, the primal instinet of hunger
has given man a compelling interest in the problems of sacuring
and maintaining his food supply. Pirst, as a hunter and then as
agricul turi st and herdsman, he acquired a simple but constantly
enlarging knowledge of production and conservation, From such sim-
ple beginnings has arisen one of the most important, complex, and
interesting of the social and economic problems of the present
time, the World's food supply. With these impressions, Prescott
and Proctor (1937) pinpointed the significance of the pressing need
of World's food supply, on more scientifie lines.

In genersl consideration of world's food problem, the |
Food snd aAgriculture Organization of United Naitions, examined, all
the means of adding to supplies of food, and published the known
faets in series, in connection with Organization's "Freedom froﬁ _
Hunger Oonpaign".vln relation to future needs for nutrients,
Sukhatme (1961) of the sald organization, looked forward over the
periods of, roughly, the next 10, 20, and 40 yearsj; which shows
that, if recommended allowances are to be complied with, even to
moderate extent, one of the main needs will be, for production of

protein-rich foods to increase at a rate, relatively much greater
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than of cereals and starchy roots (cited by Harvey and Rigg, 1964).
Obviously, in developing countries, where population pressures

are greatest, the most serious difficulty liYies in the quality of
diet which is characterized by low level of protective foods. The

diet of an average Indian lacks with these, which are so important
and essential for human life.

From practical standpoint of human nutrition, Finn
(1954) stated that there is no relatively simple unit, such as the

calorie, available for the measurement of the quality of dists,
and the protein content is perhaps the best available indieator,
because most foods rich in protein are also comparatively good
sources of other essential nutrients. 3ince this is particularly
true of foods of animal origin, the animal protein intake is pro-
bably better than the total protein intake as an indicator.

~ The joint F. A.0./W.H.O0., EBxpert Committee on Nutrition
(1953) uses the term protein malnutrition, "to indicate in general,
a state of 111 health occurring where diets are habitually poor in
protein, while they are more adequate in calories ceccceeees The
concept includes the effects of deficiency in the quality of pro-
tein consumed, of imbalance of amino aeclds and deficiency of fac-
tors such as Vitamin B,,, commonly found 1n foods in association
with animal protein and concerned with protein metabolism"., (ecited
by Thomson and Duncan, 1984).

-JTracing the history, the name protein (Greek :
preeminent, or first) was sugg ested by Berzelius to Mulder and
given by the latter in 1838 to the complex organic nitrogencus
mbsta;lces found in the cells of all animals and plants., Proteins
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occupy a central position in the architecture and functioning of
living matter, '

““Proteins are indispensable constituents of the living
protoplasm and participate as such in all vital processes. Accor-
ding to Geiger (196Q), the specific structure of the various body
proteins imparts particular properties which are determinants of
growth, neuromuscular and mental functions, of engymatiec and hor-
monal processes, immunélogical phenomena, physioochémical proper-
ties of tissue fluids, of many other organ functions and indireetly
of reproduction and heredity.

« gince, protein is the principal constituent of the
organs and soft structures of the snimal body, a liberal and con-
tinuous supply is needed in the food throughoﬁt the 1life for growth
and repair, and thus the transformation of food protein into body
protein is very important part of nutrition. Apparently, no two
proteins seem to be exactly alike in their physiological behaviour
but from the standpoint of nutrition, the important distinguishing
feature of the variocus proteins is their amino acid make up..

In Howe's observations (1961), an amino acid, to an
organic chemist, is any of a large group of compounds, which con-

tains one or more amino groups and one or more acid groups. To the

biochanist, howaver, this term applies only %o a very limited
number of compounds, all of which have in common an amino group in
the <-position to a carboxyl group. In addi tion, they are product$
of hydrolysis of proteins or very closely related to these produe-
ts. Proteins as such are polymerized mits of amino acids, which

vary Ain relative amounts and sometimes in kind from protein to
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protein,

Those amino acids which can be synthesigzed by the body
from the other constituents of the ordinary diet at a rate adequa-
te for nutritional demands are called "dispensable or nonessential®
amino acidsj those which cannot be so synthesized but must be pre-
sent in the diet are called "indispensable or essential" amino
acids. These terms refer soley to the presence of these amino acids
in the diet.

Magendie (1816) recogniged that the nitrogen present
in the body had its origin on nitrogen compounds present in the
food thereby it became established that proteins were the nitrogen
compounds essentially concemed, Subsequently, Magendie (1841) in
his "gelation report™ impressed that gelation could not take the
place of meat protein in the diet. Three decades later, Bscher
found that the nutritive value of gelation for dogs could be impro-
ved by the addition of tyrosine. But almost no guantative data on
the distribution of amino acids were available before 1900, as such
structure proteinsg from diverse sources were being regarded in
general as equal in nutritive value. Gradually, it became apparent
that nitrogen metabolism is concarned, not with a single entity
(protein) but with each of the components of the protein i.e. aming
aclids.

Osborne and Mendel (1914) remarked, '"The current trend
of investigation of chemistry of nutrition is emphasizing the sig-
nificance of the amino acids as the fundamental factors in all

problems in which hitherto the role of protein has been involved

vesssssssss The question of protein synthesis has now hecome a
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problem of blochemical department of amino acids". (ecited by Rose,
1957). They further showed in the same yesr that certain proteinsg,
which resulted in nutritive failure in rats when used alone, were
rendered satisfactory by the addition of missing amino acids,

'”Meat is the properly dressed flesh derived from cattle,
swine, sheep or goats, sufficiently mature, and in good health at
the time of slaughter, but is restricted to that part of the gtri-
ated muscle which is skeletal or that which is found in the tongue

!

diaphragm, heart or oesophagus. The prineipal value of food animals

lies in the meat proper, namely in the striated muscles, which in
accordance with their location and coarse anatomical structures,
possess different values as human food, The chief chemical consti-
tuents of the muscles are the proteins and gelatin that yield nitr-
ogenous bodies. Fat, carbohydrates and salts are the components that

vary in guantities.

One of the most dramatic chanzes in nutritional concepts
in medical opinion regarding meat in the diet resulted from an
experiment conducted by the Russell 3age Foundation in the year
1928. The arctic explorers,; Vilhajmer Stefansson and Karsten
Anderson, lived for a year on a diet consisting execlusively of
meat., These studies provided proof of the value of meat in the diet
of man (cited by Singh, 1967).

Nutrition researches for the space travellers are being
conducted in U. 8. 4., U.3.3.R.y and other countries, Finkelstein
(1960) recommended sample menu during flight which included meat
too, as the source of animal protein, The spaectacular secientific
achievement, during the rendezvous mission of Apollo-8 (1968),

Page No..-..5- ...............
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rendered a chance to the astronauts, for enjoying the Christmas
delicacy (turkey meat), in the distant space. Following in the
series, a giant leap of mankind, exhibited by the moonlanders

(1969), revealed the precise precautions undertaken by the Nutri-
tion Selentists to pack the Astronauts' bags with bacon and sausa-

The domestic goat "a poorman's cow" is widely distribu-
of
ted, because/its ability to thrive on sparse vegetation in bhoth

temperate and warm climates, and to withstand dry conditions better

than cattle. It forms the primary source of meat in this coun try
for obviously prevailing sentiments. On the other hand, buffaloes
comprise 25% of Nation's bovine population which approximates half
the world's figure, With the advent of exotic breeds of poultry in
the country, further stride in the development of this particular
industry as a whole, consequent to this, improvement upon the

supply of poultry products may indicate promise for the imminent
future,

Customarily, in scientific livestock feeding, the vari-
ous protein supplements of animal origin, obtained as by-products
from dairy, meat, industries and fishery plants, are primarily
incorporated in the usual rations of pigs and poultry. The role of
amino acids in health, cliniecal and dietotherapeutic procedures is
inmense. The latest trend has been the inclusion of lean meat in
human nutrition, as a delicious component for balaneing the diet,
which on economic consideration, seems, comparatively, the cheapest
source of animal protein, Incessant inflow of new concepts on aming

acid nutrition, invite the scientists to the different problems
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coupled with divergent views, but meat in particular, has yet ga
predominant place as an item and supplement.

The d&soovery that many of the amino acids compo sing
body proteins must be supplied as such by roodrproteins, explains
why different foods and rations of same protein content have diffe-
rent values in nutrition i.e. they differ in protsin quality. Vari-
ous procedures have been adopted to determine it but essentially,

they can be categorised into these three :-
(1) Biological value 3~ The biological value of a protein is

a measure which i1s based upon a nitrogen balance technique, and can
be regarded as the percentage of the absorbed nitrogen, from the
given dietary protein which is retained in the animal body . Howave

its determination requires distinction to be made between exog enou
and endogenous components of excreta. Dynamic concept of metaboli sy

makes such quantitative distinection difficult.

(11) Growth measurements :- Growth measurements are used for

the determination of gross protein value and based upon a compari-
son between the mean groﬁth of animals on diets containing a given
protein with that achieved by the reference protein, The results
are expressed as “protein efficiency ratio” or "growth promoting

value". These methods are essentially dependent on the availability
of a particular amino acid in the test protein but they do not
usually comply with the necessary conditions of sound bioassay.

(iii) Chemical score - A comparison of the quantitative dis-

tribution of the essential amino acids in a feed with the relative

amounts needed by the body per unit of feed provides a method of

estimating protein quality. Such a measure has been referred to an’
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a "Chemicsl S3core”.

/With the recent development of relatively simple metho-
ds for quantitative determination of amino aeids in protein hydro-
lysates viz. the microbiological, engymatic and chromatographic
methods, chemical scoring of proteins ecan be done conveniently and
thus the protein quality known, '

Amino acids can be limiting either by deficiency or by
axcess and is most effective at an intermediate level depending on
the relative proportions of other amino acids in the diets, (Rerat
&t al., 198), Further, the prevalent arguement is that there is
need for further researches on a reference protein and its abili ty
to satisfy the needs of an organism for amino acids, because bals-
ncing the amounts of these in the diet may be advantageous than
merely increasing the intaske of protein, (Allison, 1955).

Mitchell's hypothesis (1950) paved the way to determine
the amino acid requirements of the various speciés by amino aeciad
assays of the entire carcass, or even approximately by assay of
dominant tissuesg such as muscle. Such assaying procedure has been
realized promiging, in assessing the specific effect and the value
of the nutrients.

‘The present investigation was undertaken, in an effort
to know the quantities of arginine, lysine, phenylalanine, leucine
and isoleucine, all belonging to the essential group, in muscle
tissue of buffaloes, goats and hens in the adult stage, and to
find out whether they maintain the same pattem. Incidentally,

the nitrogen content of the muscle tissues in the species in
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question, were studied as a complementary analytical work.

The paper chromatographic technigue was utilised for
estimation of the different amino acids.

e e e
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RWIBW OF LITERATURR

E33ENTIAL AND NON- B33BNTIAL AMINO ACID3,

Fron nutritional standpoint, the amino acids are the
componaents which differentiate the different proteins,
tusl components in an organism have been categorised into two

groups, particularly, on the basis of the prevalent dietary needs
of the species,

Kossel and Kutscher (1900-1901) presented a method for
the determination of basic amino acids, in which precipitation of
the group followed by subsequent separations of the amino aclds
were involved. ‘@il Fisher (1901) described the ester procedure .
for the isolation of monoamino acids. These two methods were res-
ponsible to great extent, for accumulation in the subsequent years,
of reasonably reliable informations about the composition of the
proteins, such as deficiency of lysine in gliadin, inadequacies of
lysine and trypotophan in zein.

By 1932, only three amino acids had been shown unequi-
voecally to be indispensable dietary components for the growing rat.
They were tryptophan (Willecock and Hopkins, 1906+07; Osborne and
Mendel, 1914), Lysine (Osborne and Mendel, 1914), and histidine
( Ackroyd and Hopkins, 19163 Rose and Cox, 192¢4). In addition, evi-
dence had been pregsented in support of the idea that cystine or
methionine, or both, must be supplied. Jackson and Block (1931

Thege strucd

1932) and Weichselbaum et gl. (1932) had made the important obger-

Vation that a large part of the cystine may be replaced by me‘phio—-




Magadh University M. Se. (A. H.) Thesis, 1969

fallure and eventual death, as such they were classified as

-nine, but it was not clear whether the substitution was pogsible
because methionine was transformed into cystine, or because either|’
of the two amino acids might perform independently certain functi-
ons in which both ordinarily took part, Nor was it known whether

the reverse replacement of methionine by cystine could occur, ( ci ted
by Rose, 1987),

MeCoy ot al. (1935-36), Meyer and Rose (1936) with thdr
simul taneous discovery and identification of threonine made it
feasible for the first time to attack the problem of NMitrogen re-
quirements of the organism by giving diets containing mixtures of
highly purified amino acids in place of proteins,

Rose (1967) while reviewing the past achievements in
this field of research, remarked, "Once an abundant supply of
threonine had been acgquired by its isolation from proteins, the
demonstration of the nutritive importance of each amino agid beeame
relatively simple™.

During the investigations with the weanling rats by the
use of diets designed to be otherwise adequate for the normal
growth of rats, in which the sole source of nitrogen was supplied
by amino acids, Rose, Osterling and Wmack (1948) showed that only
ten of the nineteen or twenty amino acids ordinarily found in pro-
teins were necessary for maximum galn of weight. Those amino acids
were valine, leucine, isoleucine, methionine, threonine, lysine,
phenylalanine, tryptophan, histidine and arginine., The exelusion
of anyone of them from the diet with the exeception of arginine,

lead to diminished appetite, loss of weight, profound nutritive
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indispensable ones for rats.

Summarising the earlier statements, Rose (1957) explain
that an indispensable dietary component was one which could not be
synthesgized by the species in question from materials ordinarily

avallable to the cells at a rate commensurate with the needs for
optimum growth.

On the basis of a critical study of a large body of
data on chick amino acids requirements, an indispensable amino acid
was defined by Almquist (1951) as "One which must normaglly be ob-
tained from the gastrointestinal tract in order that synthesis of
body proteins may take place®”.

Almquist (1951) further observed that the most recent
analysis of body tissue showed the presence of practicaily all of
the dispensable amino acids to the sxtent of 40 per cent or more
of tissue protein. Thus an emphasis, that the "dilspensable" amino
acids were physiologically indispensable to the formation of the
characteristic proteins of the animal.

white gt 3l. (1959) explained that the terms "essmtial‘w
and "non-essentlal® related only to dietary requirements and had
no meaning with respect to 7&1:1:19 relative importance which the amino
acids might have bean in mQtabolia. Those aminc acids which were
essential in the diet represented compounds whose carbon skeleton
could not be readily synthesized by the body.




~of its own, since it encompasses the vitamins, particularly Vitamin

312’ minersls and trace elements, fair amount of fat, within 1ts
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- with @digestion, as well as adegquacy of all other growth or health

WIRITIVE VALUE OF ANIMAL PROTRINS

Meat as a dietary source of protein has a signiricance

structural folds, a&a up of both essential and non-essential aming
acids. Better digestibility and utility, palatability and stability,

are the additionsl characteristics which count for its nutritive
valu‘o

The assay of nutritive value of a protein is usually
conducted by the study of comparative growth rates, gains in bhody
weight or in body protein per unit of protein ingested, biologieal
values, nitrogen balance, and tissue protein regeneration, Chemical
scoring to obtaln the essential-amino-acid-index is also utilised
for such purpose. However, the value of a given protein is subject
to variation with the level of total protein fed, the presence of
other kinds of protein in the diet or substances which interfere

factors. It also varies with the calorie intake.

Mendel (1923) originally suggested "The efficiency of
the individual protein this respect (satisfying the nutritive

needs of the body) must depend on the minimum of any indispensable
amino acid that it will yield".

Beach Bernstein and Macy (1941) were the first to esti-
mate amino acid needs from amino acld analysis of food intake
required to produce normal growth. Beach, Munk and Robinson (1943)
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~also observed that protein structure, which make up of voluntary

muscle tissue is similar in animals, However, Block and Bolling
(1944) suggested, "The more nearly the mixture of essential amimo
acid ingested approaches in composition the amino acld mixture
needed for structural and functional purposes each day, the less
the mixture is needed or in other words the higher 13 its biologi-
cal value or nutripive value. Thus a perfect protein or arino acid
mixture would be one which would replace’Hight for weight, tissue
protein or supply new material for growth and lactation ete,

leaving no excess to be utilised for other purposes",

Mitchell and Block (1946) proposed a method based on
amino acid assay for estimating the biologieal vslue of proteins
for growth., The amino acid content of whole egg proteins "almost
perfectly utilizable in rodent metabolism" was used 2s a2 standard

of reference,

v Almquist (1963) summarising the principles of amino
acid balance stated, "when a dietary protein is partly deficient
in one essential amino acid the fraction which contains amino
acids in optimum proportions to the deficient amino acid ig the
only part avallable for growth. Increasing the amount of the wn-
balanced protein will increase the amount of balsnced fraction and
hence permit increased growth upto the natural limit of growth
rate. Increasing the amount of the deficient amino acid increases
the proportion of the protein svailable for growth until the whole
of protein so used is so used or the natural 1imit is reached, If
slightly deficient protein is given at a high level so that
maximum growth response is aobtained, addition of the deficient
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amino scid will incresse the efficiency of utilization of the
feed"™. |

Vs, trials conducted with growing chicks followed by careasy
analysis, Prixice, Taylor and Russell (1953) observed that 33 per
cent of the Nitrogen in the feed was retained when the supplemen-
tary prétein was from both ﬁegetable and animal sources. Retention
varied within the range from 27 per cent for Tryptophan to 43 per
cent for lysine, One third of the unrecovered essential amino ae:ldJ
in the carcass was found in the exereta. On parallel trials with
another ration (16.5% crude protein) having all the supplementary
proteins from animal by-products, they noticed 56 per cent of the
Nitrogen as retained in the carcass and between 39 to 71 per cent
for individual amino acids. Although the first ration was deficiat
in methionine and threonine and the second one contained only 68
per cent of the recommended allowance of arginine, there was no
significant difference between the amino acid composition of the
chicks receiving the different rations.

« During the study of feeding of premature infants,

Ferriera et al. (1953) showed that human milk alone was not the
best food for rapid growth but excellent results could be obtained
by the addition of 1 per cent of a mixture of amino acids and
salts. In case of weanling rats, Sure and his associates (1983)
noted the improvement in the nutritive value of cereal grains with
the addition of individual amino acids and condensed fish solubles,
as indicated by the economy of food utilization. In the same year,

struck recorded brown pigmentation of fat and appearance of faecal

smell in pork carcasses due to protein deficient ration,




-

3ince the ¢- NHp group of lysine was thought to form

a nutritionally unavallagble complex when intact proteins are

damaged during processing, Carpenter and Mllinger (1956) impressed
that free HH, groups could be estimated by reaction with di-nitro-
fluorobenzene and available lysine values could be obtained which
may be utilised for the prediction of the protein quality of animal

products,

‘/Richter and Oslage (1986) in the feeding trial with
the pigs found that a low protein diet had a low point count for

carcass quality, and pale coloured meat that gave up water more
readily. -

wMaynard and Loosli (1956) observed that on the basis
of the studies with rats and the much fewer ones with pigs and
chicks, certain generalizations had been made regarding the compa-
rative biclogical value of individual foods and combinations,

Animal products as a class were superiocr to foods of plant origin.
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At the top were milk and eggs followed by liver, kidney and other

glandular organs. Muscle meat ranked somewhat lower but was above

most seeds and other vegetable products.

v Meyer (19587) noted that increasing amount of animal
protein in the ration, reduced the feed requirement per kg, gain
and also raised the daily gain of weight. In the same year,
Chrgaszez could find small difference in the meat quality of
sussex, Rhose Island Red, white leghorn, and Greenleg chickens and

their crosses when fed on the same rations., But in ecrosses, meat

had more dry matter particularly in breast musecle.
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With a single group of adult rats Nasset (1957) compa-
red whole egg with two mixtures of amino acids. He observed that
the amino acid mixture based on the mean minimum requirement of 9
essential amino acids was significantly inferior in maintaining
Nitrogen balance to either egg protein or the amino acid mixture
which simulated egg protein. However, Deshpande, Harper and
Elvehjem (1967) with weanling rats obtained mégxinum growth when
intact protein in the form of casein, fibrin and beef formed part
of the supplement of the basal diet. The growth was not as good
when the protein was replaced by equivalent quantities of essential

and non-essentisl amino acids.

Schuphan and Weinmann (1958) estimated the crude proten
and 8 essential amino acids in large number of food plants commonly

index were calculated and compared with beef and pork which had
values 78 and 76, Values for 7 cereals were from 556 in wheat 'to
73 in ricey for & legumes from 49 in unripe peas to ?2 in soyabemsﬂ
for 20 vegetables from 41 in Kohhrabi stems to 72 in potatoes.

Watts gt gl. (1989) reported that average Nitrogen
balance and availabilities of the amino acids to human subjects
were similar for egg and pork with the exception of tyrosine,
Except for isocleucine, the avallabilities of the amino acids in
the milk and egg diet were equal to, or slightly higher than,those
of the egg diet.

Hryniewlecki and Kraweczak (1960) conducted an experiment
in which two groups of 42 and 41 rats received for 3 months diets
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with protein of animal or plant origing for the first the protein
came from casein, dried milk, and meat and bone meal, for the
second from wheat flour and soyabesh meal. Rats glven animal prote-
in gained on average 19 g. in 90 days, those on plant protein lost
27 8.y with the greatest loss in the third month, Those on the
animal protein maintained their serum total protein value whereas,

in the other cage there appéared a deecrease on an average from 7,58
to 6.75 per cent, .

v Arpal et al. (1960) found that the taste of meat from
pigs fed on animal protein was sliperior. They noted that the
maiscles held more of its julce in comparison to those fed on plant
protein.

Bigwood with Martin (1960) noted that there was no sig-
nificant difference between breeds ( lactating jersey and Priesian
cows ) in proportions of amino acids in the total protein of the
milk. In the meat of those breeds about 90 per cent of total
Nitrogen was protein Nitrogen, compared with 98 per cent in milk

protein. The eight egsential amino 'acids were 39.65 and 38,75 per
cent of total amino acids on a molar basis in milk and meat res-
pectively. Kofra'nyi and Muller - Wecker (1960) reported that the
biological value of dried milk for human subjects was about the
same as that of eggs.

Bastone and Long (1960) observed that since collagen is
deficient in several aminoc acids, its presence in large amounts in
bonemeal and meatmeal might be the reason for significant reduction
in the nutritional value of the total protein of a meal., Their

sugg estions for the estimation of hydroxyproline that collagen
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generally contains, could form the

basis of a simple method of

assessing protein quality of meatmeals and bonemeals. About fish-

meal Pritchard and smith (1960) observed that the length of time

between ‘death and processing of whale had no effect on the nutri-

tive quality of the meal except the rapid increase of the free
fatty acid content of the oil in the meal.

v'Kerte'sz and Csire (1961) stated that the lower cost

of vegetable protein feeds eould not compensate for lower effici-

engy of feed conversion. Such a statement was on the basisg of theiy

findings on the groups of Hungarian Yorkshire pigs which wore
fattened from 30 to 150 kg. liveweight on rations with equal amountg
of protein either all vegetable or with milk. Pigs getting 15 per
cent milk protein reached 90 kg. - 61 days and 150 kg, = 83,7 days
sooner than those getting vegetable proteins only. To reach these
weights respectively, pigs getting only vegetable protein required
38.9 and 31.6 per cent more protein and 13.2 and 18.9 per cgent
more starch equivalent. They considered that milk to supply 10 per

cent of total protein would be adequate.

Matsuno (1961) estimated the free amino acids (8

essential one ) in serum of blood obtained from human subjects

receiving vegetable proteins only and also from persons taking 54
per cent of total protein from animal origin. He obtained the
values after a meal which indicated the difference in the quality
of ingested protein.

Owings and Balloun (1961) studied the effect of protein
source and amino-acid-supplementation on the intestinal mieroflora

and plasma amino acids in the chicks. Addition of arginine to
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_at 200 to 400°F. in an electric oven. Lysine was equally available

diets with casein as the source of protein inereased weight gains
and improved efficiency of feed utiligation but there was no impro-
Vement when 1t was added to diets with casein and zein. Presence
of 1.8 per cent arginine in the casein diet did not affect the
concentration of arginine in the blood but there were changes in
other amino acids. It was suggested that arginine affected the
absorption of the amino acids and enabled the chick to utilise them
less completely. When lysine was added to the diet the value in
the blood was increased,. sometimes as much as 100 per cent and at
the same time arginine was decreased. Mither amino acid, or both

added to the diet, generally increased microbiological count,

Heller et gl. (1961) studied the availability of lysine
from beef, ham or lamb subjected to heat, during the growth experi-
ments in weanling rats, The results showed that 75 to 90 per cent

of the lysine was utilised from meats befors or after normal cooking

from the inner or outer portions of such cooked meats. Autoelaving

at 260°F for 16 hours reduced availability of lysine to 40 to 50

per cent.

Bender (1961) determined the nutritive value of proteins
by chemical analysis and the relation between the chemical score
(C.3.) and the biological value (B.V.) of proteins was investigated,
He found that defatted egg protein, which is usually considered to
be the "idezal protein" contained an excess of several amino acids.
The amino acid composition of a hypothetical "ideal protein® for
the rat was obtained by reduecing the concentration of those pregent
in excess in a mixture simulating egg protein., The mixture had a
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net protein utilization (NPU) of about 100 when given to rats,

When each amino acid was omitted in turn and the NPU was plotted
against C. 3, Three different curves were obtained and the essen-
tial amino acids could be classified in 3 groups. Amino acids werg
estimated in several proteins and NPU predicted from the ¢C,S5./B.V.
curve agreed well with that obtained by carcass analysis.

During the trials with rats Kik (1962) demonstrated
that a diet with protein supplied by chicken meat, and rice gave
better growth than either at the same protein level. Dark chicken

were better than whole egg. Chickens contained much more trypto-
phan, lysine, threonine and ecystine plus methionine than rice and

probably that was mainly responsible for the supplementary effect.

Pufichal et al. (1962) studied growth and utilization
of feed, in the experiments lasting for 28 days, on young pigs
given diets in which dried skimmed milk and soyabean, fishmeal or
cottonseed meal supplied 20 per cent protein., Two pens, each of 4
plgs, were assigned to each treatment, On the 28th day, pooled
samples of blood were obtained from animals in each pen and amino
acids with the exception of tryptophan were estimated by ion-
exchange chromatography in the protein free plasma and diets, They
noted that growth and efficiency of feed utilization increased
and plasma urea decreased in the order - meatmeal - cottonseed
meal - fishmeal - soyabean meal - dried skimmed milk., The extent
to which the concentration of individual amino acids execeedad tha
in the diét varied with particular acid as well as with the type

of proteins, but concentrations in plasma were in general greater
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with those proteins that promoted best growth,

Cahilly et al. (1963) studied the effects of various
levels of dietary lysine on muscle protein of growing swine for

biological value, They concluded that bioclogieal value of the meat
for growing rats did not differ between grbups.

vorok and Uognarova (1965) reported the mean values
for available lysine in 8 beef cuts which ranged from 6.53 to 9.15
g€« per 16 g. Nitrogen and in pork cuts from 5.66 to £.94, They
observed that such variation was due to unequal distribution of
the connective tissue protein. From the ratio of tryptophan to
hydroxyproline, it was concluded that the available lysine in raw
meat is in indirect proportion to the content of connective tissue.
Reduction on heat processing depended on the time of heating and
the proportion of meat products lost. Smoking at 320° and treatment
with nitrite reduced lysine but glucose or starch had no effect.

Lewis (1966) made comparisons of a chemiceal and a bio-
logical mathod of protein evaluation. The amino acid compositicn
of .mheated and excessively heated pork protein was determined
together with biologically determined net protein utilisation
values (NPU). Comparison of biologically determined NPU and chemi-
cally determined protein score of unheated and heat treated pork
protein showed that the unavailability of essential amino acids,
rather than their destruction, is responsible for the marked lowe-

ring of protein utilization following excessive heat treatment.
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CARCASS ANALYSI3 AND PROTEIN NUTRITION

Procedure which involves the killing of the animals and
the analysis of certain specific tissues or of the body as a whole
has been commonly referred to as slaughter experiment. In studies
of the protein snd amino acid requirements for growth or of the
comparative value of different protein sources, it is important to
know the specific effect in terms of protein tissue formed,

Munk et al. (1946) proposed a method that amino acid
analysis of the tissues produced may afford a measure of amino
acid requirements, for, growth were different from those for egg

production,

Mitchell (1950) suggested, " an effective method of
deternining the rejuirements of a growing animal for thaese (esgen-
tial) amino acids may be to determine, first the reguirement in
grams per day of some one amino acid, such as lysine, and then to
estimate the reguirements of the others from the proportion exis-
ting betwean the essential amino acids snd lysine in the body of
the animal, these proportions to be determined by amino acid
assays of the entire carcass, or, approximately, even by amino
acid assays of a dominant tissue such as muscle. This method may
be as accurate as methods in current use for measuring amino acid
regquirements. It has the distinct advantage of avolding the con-
fusion concerning the utilization of the D-isomers that are
commonly fed in racemic mixtures. The usual assumption that the

utilization of these isomers is an " all or none " proposition
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has been shown to be wrong in some instances atleast, since parti-

al utilization has been established",

Schweigert and Guthneck (1953) proposed a technique
while in quest of a method to find the utilization of amino acids
from foods by the rats. Adult rats depleted of protein for 12 to
15 days were used for the study of quantitative utiligation of
lysine from foods. When graded amounts of L-lysine were added to

a lysine deficient basal ration of purified amino acids or of
sesame meal, ammonium citrate and certain amino acids. The weight
Sains of the depleted animals in 4, 8 and 11 days were proportiona
to the amounts of lysine given. Food products of known lysine
content (estimated microbiologically) were then added to the basall-
diet to provide the graded levels of L-lysine, and from the weight
gains the percentage lysine utilized from the foods was calculated
They recommended the technique with certasin limitations for the
study of utilization of amino acids from foods.

Williams and Coworkers (1954) estimated the amine aecid
requirenents for growth, by assay of'uhole carcasses of the rat,
chick, pig at different stages of growth. They found that not onl
the patt;ems of amino acid composition was comparable within each

species at different stages of growth but also remarkably similar

among the species. Most of the differences between two sets of
figures they explained as due to the use of amino acids of the

food for purposes other than protein formation eg g. of methionin
as a methyl donor, or tryptophan for nicotinic acid formation, or

to possible inadequacies of nutritional requirements, The relati-

vely similar requirements among species and the close agreement
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selected an inbred-strain in matched littermate pairs ( 50-60 g.

of the caleulated values as those determined by nutritional stu-
dies were the basis for their support that the carcass analysis
procedure is a valid method for evaluating growth rejquirements
for most, i; not all, of the “essential" amino acids,

By analysis of whole body Drolshagen (1958) estimated
the nitrogen, lysine and histidine retention in albino rats. He

weight) of male rats, pre-fed for & days and finally 6 pairs
welghing nearest to average were put under trial. One rat of each
pair was killed for analysis at the start of the experiment, the
remaining ones were fed for 30 days limited to same feed intaske
dailly. In the third trial supplement of butryllysine was given to
supply 2.54 g. L~lysine/Kg. feed. He obtained good agreement for

percentage contents of Nitrogen, lysine and histidine., Addition of
lysine in the third trial, caused an increase of 10 per cent gres-
ter weight gain and good agreeament in percentage results which
confirmed that all three components continued to be retained in
the same proportions. Conseguently, he noted that when lysine was

1imiting it affected retention of other amino acids and nitrogen,

Goetani et gl. (1969) studied the distribution of
methionine 355 in some of muscles of rats in protein depletion
after giving isocaloric diet and intraperitonal injection of L-
methionine 5°3 10 mc. per 100 g. body weight. They observed no

percentage total sulphur in the protein of several muscles, and
also in the rats depleted of protein as there was no decline of
specific activity of total sulphur, methionine or cystine, Masset#r
had a distinctly lower specific activity in the depleted rats;
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that of cystine remained constantly low but methionine tended to
rise,

According to Cardi gt al. (1960) the effect of protein
depletion on the amino acid composition of sarcoplasm proteins of
kastroonunius muscle in rats may cause some change, chiefly the
decrease in the relative proportions of isoleucine, leucine,lysine
and tryptophan, In their findings, Myosin (alkali soluble) frac-
tion remained devoid of such alterations but distinct. loss in the
initial weight was noted, particularly, the weight of gastrocne-
mius muscle lowered down upto 35 per cent in 21 days period. The
opined that protein preferentially broken down in such conditions,
were those richest in lysine.

Fry and Staddelman (1960) studied the effect of dietary
methionine on the methionine and cystine content of poultry meat.
A basal ration of maize and fish-n-fifty fortified with titamins
and minerals was given to day old chicken for 12 weeks alone or
supplements with 0.06 or 0.50 per cent Di-methionine., Methionine
was estimated in muscle after 6, 9 and 12 we=ks and lif:er and
heart after 12 wesks. The addition of methionine had no signifi-
cant effect on the rate of growth or on the methionine snd cystine
contents of muscle and liver and produced only slight increases in
the case of heart, Cystine put not methionine in migscle inereased
with age of the bird. Further, they investigated in the same year,
the effect of cooking on the carcass part and observed that the
ineresses occurred in both amino acids due %o the loss of other
nitrogenous components, and it thus suggested the stability of

the amino acids.
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Summers and Fisher (1961) adopted the carcass analysis
for the evaluation of protein. In their preliwinary experiments,
they found the ratio of body water to Nitrogen under different
feeding conditions, remained constant in the chicken., In the final
procedure, they used diets with 13 per cent protein to guadrupli-
cate groups of 5 chickens, at the same time provided N-free diet
to the control group. Such a method was used for ébtaining net
protein values for the growing chickens and simultaneously, by
analysis of the carcasses § sources of protein could be evaluated.
Ericson (1961) observed that although the amino acid composition
of the bedy is similar in gll species,there are marked differences

in the proportions of awino acids required for Nitrogen halance.

Holler and Hill (1962) noted the marked effects in a
group of 10 improved Landrace pigs after prolonged protein defici-
ency. There was slightly positive Nitrogen balsnce in deficient
pigs and the muscles contained 74.8 per cent average moisture in
contrast to 70.3 per cent in the controls. Significant decrease of
protein content (N X 6.25) 1.e. 74.E agalnst £3.4 per cent in dry
matter was also noted. In the deficlent group; & essential amino

aclids fell by 8 to 18 per cent only phenylalanine non-gignificantly.

The effect of acute amino acid deficiencies on carecass
composition was investigated by Lyman and Wilecox (1963), by group
feeding the Long EBvan rats, while conducting the two separate
trials. The animals were foreibly fed with about 10 g. daily in
two portions of a synthetic diet in which single amino seid could
be replaced by sucrose. Rats on complete diet gained 6§ to 8 g.
in 10 days but those on diets lacking in histidine, methionine,
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phmylalanine or threonine lost 10.5, 17.5, 11.0 and 14.0 g. res-
pectively. There was no difference in gross body composition, In
the second trial, rats deprived of isoleucine suffered severest
welght loss, 24 g. and in the deprived group where valine, lysine,
tryptophan and leucine were absent, the range of this loss was

11 to 14 g.

Holmes et al. (1963) studied the amino acid composition
of broiler cockrels in relation to the dietary amino seid require-
ment. They fed a diet with 25 per cent protein and 1370 Keal.
metabolisable energy to 16 pairs of Chunky Chick Cockrels from day
old for 10 weeks and killed at 1 day and 2y 6 and 10 weeks of age,
gutted and analysed the earcass by ion-exchange chromatography -
except for tryptophan. According to thelr statement the composi-
tions of the carcasses were constant, with the only variation that
seemed to be due to increased contribution of fe:ther protein.oOnly
for glycine there was more than 47 per cent of intake retained,

In their classical experiment for growth on selected
lines of white Rocks, Leporie et al. (1863) reported the proximate
amino acid composition of eggs and chicks as follows :-

(1) In proximate composition of eggs, differences between
the high weight and low weight lines were significant for
fresh and dry weights, and the amounts of protein, ash and

carbohydrate values for the former being the greater,

(i1) Ratio of welght of yolk to weight of white was similar
except that on percentage basis none was significant,
(i11) On the basis of the tabulated findings for amino acids
28,
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(iv)

levels of dletary lysine on certain blood phenomena, muscle deve-
lopment and muscle protein biologieal value of growing swine., With
24 weaned pigs, the basal diet containing 0.3 per cent lysine was
compared with diet supplemented with 95 per cent L-lysine monohy-
drochloride %o give 0.6, 0.9 and 1.2 per cent total 1lysine. The
diets had 16 per cent protein reduced to 14 per cent at 75 1b.
live-welght and to 12 per cent at 120 1b, live-weight with corres-
ponding reductions in lysine. Experimental results of the above

investigations were as follows :-

(1)

(11)

in two analysis of separate eggs and chickens, caleulating

the efficiencies of conversions, it could be concluded that

differences in efficiencies were greatest for lysine,histi-
dine and arginine. Values were greatest in the high weight
line but on subsequent tests with large number of specimens;

differences yere statistically significant for histidine
only.

Eergy utilised by embryo was calculated to be 6.9
and 28.1 Keal in the respective lines, but with the larger

chickens in the high weight line, utilization was more
efficient,

Cahilly ot al. (1963) studied the effects of various

Blood from pigs receiving very little lysine had lower
Hb.value and decrease in total serum protein and albumin.

The diets with 1least lysine gave significantly lower
growth rate and efficiency of food utilizstion, and animals
did not reach slaughter weight of 180 1bs. and were slaugh-
tered at 139 1b. live-~weight. The increase in total 1ysine
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to 0.9% of the diet, 1t increased the area of the eye
muscle and proportion of lean cuts, total lean and primal
cuts. There was also an increase in protein content of the
longisgsimus dorsi and semitendiosus musecle as total lysine

rose.

Gruhn snd Anke (1965) observed that the changes in
crude nutrients, amino acids and minerals in poultry during deve-
lopment from day old chicks to pullet. Composition of plucked car-
cass and of festhers and down was estimated for sussex X Leghorn
chickens at intervals of 2 weeks from hatching to 12 weeks of age.
In plucked carcass, they reported, that there were with aging
increases in dry matter from 23.7 to 31.0 per cent, crude protein
from 1334 to 17.5 per cent and ash from 1.8 to 4.9 perm cent of
fresh weight. Fat was least at 14 days of age, 4.7 per cent and
increased to 7.8 per cent. Most amino acids and P, K, Na and ™
in ash were noted as fairly constant but glycine tended to fall
and calcium to rise slowly with age.

AMINO ACID REUIREMENTS FOR DIFFERENT SPRCIES

Rose and Co-workers (1942-1952) investigated the amino
acid requirement of man and further, in an excellent review, Rose
(1987) summarised thelr findings. Man needs the same list of amino
acids for maintenance as rats with the exception of histidine,

Manynard and Loosli (1962) through their concise state-
ment, impressed in their book, "Animal Nutrition", that many data

had been secured on the quantitative reguirements of the amino

acids and 1t continued to be very active field of study.The gener

1
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procedure had beq to feed a diet designed to be adequate except
in the smino acid to be tested and to add Varying levels of it to
different groups to arrive at the level which is sufficient to
result satisfactory growth. Weight increase had been the usual
eriterion, but in some experiments the nitrogen balance measure

had been employed.

In the following tables, recommendations by various
authors of requirements of essential amino acids for msn snd some
other animals are reproduced.

Table showing essential and non-essential aminc acids in
Human Nutrition.

-

i Minimum inecommendedlnaily mtakeaﬂon-essentia'.

daily § daily jfwith self famino acids
requirement+§ intake= fselected ]
% gdiets*# S

RT3 MR WO MO g . WD)

: bord e ° ° ° 0. (P
L-tryptophan 0.25 gm 0.5 gm 92 gm Glyeine-
3 3.66 Alanine -
L-phenylalanine 1.10 2.2 3;:-11::9 '
stine
L"ly'mo 0.80 1.6 6.35 Tyros%ne y
- .86 Aspartic Acid.
L-threonine 0.80 1.0 2 Glutgmic o
0.80 1.6 4,61 Proline
L-valine kel e
stidine
L-leucine 1..10 : 2.2 6,00 ietnite
L*iwleﬂcine 0070 1-4 4.62
s values are calculated for normal males.
1:: gﬁ::as\mlues were computed from data on self-selected diets of
Women (Futrell et.al.,J.Nutr: 1952, 46, 209). In evaluation of

data the phenylalanine sparing action of tyrosine and th
;2:§;on;ne spargng action of eystine have to be considered.

Cf. Whl and Goodhart : Modern Nutrition in Health and Disease,
2nd Ed. ]960’ page 115-




‘Table showing essential amino

optimum growth of Chickens, Turkeys, Swine,
and Rats,

(Data based on N, R,

C. reports)

acld requirement for
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(Percent of diet).
Amino acid § Starting { StartihgTPiss(E? tog Weanling

g chicks, ! poults g 70 1bs.) rats,
Dietary protein. 20,0 28.0 16.0 to 18.0 20,0
Arginine, 1.2 1.6 , 0.20 0.2
Glycine, 1.0 1.0 None None
Histidine. 0.3 ? 0.20 0.4
Isoleucins, 0.6 0.84 0.60 0.5
Leucine, l.4 ? 0.60 0.9
Lysine, 1.0 1.5 0.686 1.0
Methionine=* 0.48 0.582 0.60 0.6
Phenylalanine+# 0.7 ? 0.80 0.9
Threonine, 0.6 ? 0.40 0.5
Tryptophan. 0.2 0.28 0.20 0.2
Valine. 0.8 ? 0.40 0.7

* Cystine will replace methionine for chicks as long as
the ration contains 0.45 per cent methionine., It ean
replace one-half the methionine requirement 1isted for
pigs and one-fourth that listed for the rat.

** Tyrosine will replace phenylalanine for chicks as long
as the ration contains not less than 0.7 per cent phe-
nylalanine, It can replace 30 per cent of the phenyla-
lanine listed for pigs and one-half that listed for the

Tat.

Cf.~ Maynard and Loosli : Animal Nutrition, 5th Ed., 1962,

page 393,
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The mixture of amino acid provided by the data in
the table must be supplemented by non-specifiec nitrogenous sources
of the non-essential acids. The data apply to the period of rapid
growth and to the protein levels listed snd assume asn anergey
intake adequate for rapid growth.

Sym (1938) reported that rumen content possess proteo-
lytic properties but it was the work of Pearson and Smith (1943)
that first clearly showed both synthesis and breakdown of protein
occurred in the rumen. Loosli et al. (1949) obtained the spacifie
evidence that microbial action in the rumen can synthesize from
urea, all of the 10 amino acids which are essential for rat growth.
McDonald (19483 1962) established that the breakdown of protein in
thel rumen was of quantitative importance and demonstrated that the
resultant and product, ammonia re-entered in the rumen as salivary

urea, thus framing "Nitrogen Cycle",

As an important corollary of protein synthesis in the
rumen, Annison and Lewis (1969) stated that the essential amino
aclid requirement cannot be demonstrated for ruminants. On the
other hand, the young suckling ruminant, in which the rumen is

largely non-functional reguires many of the essential amino aeids.

METHOD3 FOR TH® DETSRMINAT ION OF AMINO ACIDS

For many years, methcds for the determination of the
basie amino acids followed the patterns originally set by Kossel,
namely, precipitation of the group with phosphotungstic acid,
followed by separation of the individual amino acid for example as
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-0of the sample and of a standard solution added to media furnishing

their silver salts. The results so obtained are now known to he
minimal values. The more recent methods often do not require pre-

liminary separation of the basic amino acids.

There are various methods applicable to the determing-
tion of several amino acids. The general methods employed are as
follows :-

1. Specifiec Precipitants:

Block and Bolling (1945) observed that most of the

accumulated data on amino aecid composition of protelns were obtai-

ned by isolation methods. These depended upon the precipitation by
reagents supposedly specific for single amino acid or groups of
related amino acids. Purther purification by recrystallizatio}'l
ylelded fractions which, after having been characterized as pure
by elemental analysis and melting point could be weighed, Thus,
information concerning the amounts of the amino acids in the ori-

ginal protein is obtained. The method involves laborious processing

2. Miecrobiological Methods:

Hawk, Oser, Summerson (1954) described that the funda- |
mental principle involved in microbiological assays is to messure

the response of bacteria, yeasts, or molds to graded increments

all tha nutrients regquired by the micro organism, except the
amino acid under assay. The graded response may be measured: by
the increase in population of the micro-organisms (i.e. turbido-
metrically) or by their products of metabolism (acid or Cog pro-

duction). The methods are advantageous, less expensive, simple
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but not devoid of limitationsg,

3. gzymatic Decarboxylation:

Olcott (1951) expressed that in this method of amino
acld determination, engzyme systans that have the property of Spe-
cifieally decarboxylating one amino acid are employ ed. An aliquot
of a neutrali zed protein hydrolysate is mixed with such an enzyme
system in a Warburg or Van Slyke apparatus and the earbon diexide
evolved is measured by standard techniques. The total amount libe-
rated is equivalent to the amino acid present in the hydrolysate,
The method seems to be rapid and capable of accuracy provided the
enzyme preparation is available.

4. Chromatogrggzz

Chromatography has been defined as " a procedure of
analyslis by percolation of fluid through a body of comminuted or
porous rigid material” ( Gordon, Martin, Synge 1944), They developed
a system of partition chromatography which was used by Tristram
(1946) for determining the monoamino, monocarboxyliec acid contents
of several proteins. In the method, the anmino acids in protein
hydrolysate are acetylated with acetic anhydride. The resulting
acetamino acids are then subjected to separations that involve
partitions between an aqueous phase and a non-aqueous solvent
mixture. The agueous phase is held stationary in the form of a
column of wet silica get. A suitable indicator is adsorbed on the
silica. The acetamino acids are then dissolved in the non-aqueous
solvent and the solution is permitted to percolate down through

the column. As it does so, the different amino acids move at
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different rates and so separate into bands that are detectable by

means of colour changes in the indieator. As bands move out of thp

column, they are caught in separate containers and then subjected

to further separation procedures, or to direct determination by
titration,

(1) Paper chromatography:
Congden, Gordon and Martin (1944) used for the first |
time, partition chromatography on a sub-miero scale. Cellulose in
the form of a strip of filter paper is used as the stationary
phase. Majority of the methods which have been devised for paper
chromatography are based on the principle, "separation of substan-
ces from a mixture by the passage of solvent in a definite direc-

tion and selective fixation™ (Weil 19583). "A drop of solution

containing a mixture of substances is placed on a piece of filter
paper one end. Next, this end is placed in a suitable solvent
within a closed container, The solvent pasgses the spot where the
solution had been applied. Each substance in this mixture will
1deally move along with the solvent at a unlque rate, so that after
a while all of the components of the mixture will occupay a dis-
tinct pogition somewhere along the path of the solvent" (Block ang
Zweig 1988).

For gqualitative and quantitative estimations of amino
acids paper chromatography is widely used.

(b) Adsorption technigue:

For basiec amino acids. The technique necessitates an
adsorbent mixture and a filter aid.




Magadh University M. Se, (A, H.) Thasis, 1969

(¢) Ion-exchange chromatography:

The synthetic ion- exchange resins are essentially solia
aclds or bases. They possess the capacity to hold bases or acids
with which they come in contact. They gre attractive analytieal
reagents and because of the displaéement phenomena by which la
strong acid displaces a weak one or a strong base a weak base

(Olcott 1951).

(d) Gas chromatography:

Zlatkis Or'o and Kimball (1960) demonstrated that amino
aclds can be converted by ninhydrin into volatile aldehydes. These
were separated by gas chromatography and converted to methane which

was subsequently estimated in a thermal conductivity cell,

S. Ionophoresis:
Martin and Synge (1945) defined ionophoresis a “process
concerned with the movement in an electrical field of relatively

small ion", electrophoresis as "movement of large molecules and

particles”, but the distinction between them is ignored. Blacksbu
(1965) expressed that electrophoretic method was cspable of deter-

mining amounts of amino acids in micro quantities.

The advantages of the 'high-voltaga electrophoresis
method are for their speed and high resolving power. Both, the
paper chromatographic technique and electrophoresis are equally
efficient except that the latter requires less time,

6. Isotope dilution method:

ghemin (1945) stated, "this method 1s based upon the
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principle that the usual laboratory procedures for isolating amino
acids do not separate isotope containing molecules from their
normal analogues. If a known smount of an amino acid, that has
been labeled by the mcorporation of a stable or radioactive iso-
tope element, is added to a protein hydrolysate, and then the sw%
amino acid 1s isolated from the mixture and purified, a determina-
tion of the concentration of isotope in the sample will give a
direct measure of the amount of the amino acid originally present
in the hydrolysate. The decrease in the concentration of the
labeled element from that present in the added amino acid to that
present in the isolated amino acid indicates the extent to which
the labeled amino acid has been diluted".

The technigue has so far beeh applied only with amino
acids labeled with N5, The measurement of N1 requires mass-
spectrograph, an instrument which is not generally available,
although the method has the possibility of being the most accurate
and reliable. '

INO ACID3 IN MU3CLE

A number of muscle fibres make the lean part of meat.
These fibres differ in length in various types of meat and are
generally longer in older than in young animals. Prineipal solids
of meat are muscle proteins, which are usually divided into sarco-
plasm (water-soluble fraction), myosins (alkali-souble fraction),
and eollagen. On hydrolysis, such distinctions disappear, as the
hydrolytic end-products are none but the constituent units, the

amino acids. The knowledge of the quantitative presence of these
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units in meat and their availability to the organism, facilitates

while formulating the human diet and also ideal ration for live-
stock. |

Schweigert, et al. (1945); Greenhut gt al. (1946);

Greenut, 3Sirney and Elvehjem (1948)5 and Greenhut, Schweigert and
Elvehjem (1946) determined many amino acids by microbiological
assay in the meats of lamb, pork, beef and veal. The average valueiw
were on percentage basis for leucine 7.7, isoleucine 8.7y valine
6.2,_ tryptophan 1.3, phenylalanine 3.9, threonine 4.3 and lysine
8.0. The range of variations in the contents were also notieced for
methionine, which varied from 2.2 to 3.3 per cent, arginine 6.4
to 6.5 per cent and histidine 3.1 %o 3.4 per cent.

Schyelgert ot gl. (1949) presented the data on the
leucine, valine, isoleucine, phenylalanine, threonine, histidine,
arginine, lysine, methionine and tryptophan content of fresh and
cooked pork and lamb cuts. Schweigert, Bennett, Guthnesk (1951),
on further study included the data on glutamic acid, aspartiec
acid, tyrosine, proline, glycine, serine, and c¢ystine, They con-
cluded that the amino acid composition of the proteins of diffe-
rent cuﬁs of pork or lamb were similar and were not destroyed
during cooking., The composite data for the 12 each of the pork
and lumb samples were reperted as 84.9 and 5.1 per cant resgpec-
tively of total nitrogen accounted for by the eighteen amino acids
deternined.

Greenwood, Kraybill, and 3chweigert (1951) reported
the amounts of eighteen amino acids in six different cuts of fresh
and cooked, choice and utility grades of beef after microbiological
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veal muscle cuts and beef organs, Expressed in grams per 100 gram
of protein calculated to 16 per cent Nitrogen they recorded the
average of values of 1.1, 5.0 and 6.2 per cant, respectively.
Kidney, liver and tomgue of beef gave higher values than the
muscle meats. They also tested the efficacy of the hydrolytie

procedurs by adding erystalline amino acids to the samples and
obtained 98-100 per cent recovery.

Effect on storage was studied by Swanson snd 3loan
(1953) in ten New Hampshire fowls which were killed at 11 to 12
months of age and after dressing stored at -S°F. for 40 weeks,
Samples of breast and leg meat were taken from each bird at & weeks
interval for the estimations. They. noted that breast had higher
Nitrogen content throughout and absence of any change in total

Nitrogen content of either., Water soluble Nitrogen increased sign
ficantly in leg and breast and also in NPN fraction which indicats
‘proteolysis during storage. The free L-amino Nitrogen however

decreased which they suggested as en indication of continued Nitr({-
gen catabolism beyond the amino stage.

Williams Miranda (198) estimated histidine and threo-

nine in beef, mutton, veal and pork and reported for histidine as‘
0.411, 0.375, 0,306 per cent of fresh material. Corresponding
' values for threonine were 0.480, 0.347, 0.612 and 0,298 per cent
respectively.
Scott (1989) asnalysed meats from 5 Broad Breasted
turkey toms and 5 hens and tabulated the findings as percentage
of protein for all the essential amino aclds and a few non-essen;

tial ones. There was little sex difference in the values, The
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‘of protein (N X 6.25) was about 20 per cent more., The data for

determinations. The percentages of those amino aclds in the erude
protein of different cuts and grades of beef were sirilar. The

amounts of amino acids in the cuts of utility beef were higher
than in choice cuts, owing to the higher percentage of protein and
assoclated lower content of fat in the utility cuts. They noted
that spproximately 88 per cent of the total nitrogen was accounted
for by the nitrogen from the eighteen amino acids determined and
also confirmed that the amino acids were stable to ecooking.

Violante ot 31. (1952) estimated the four non-essential
amino acid contents of muscle meat by using the mierobiologzieal
method. The aversge values of the skeletal muscle tissues of veal,
lumb, pork and beef for glutamic acld, aspartic acid, tyrosine ang
proline contents were 16.5%, 100%, 3.5 and 4.0% of the crude prote-
in respectively. In beef organs the amino acids were 14.9, 10.4,
3.7y 5.0 per cent, respectively. Recoveries of added amino acids
from meat hydrolysates aversged 96-100 per cent.

After hydrolysing the muscle tissues of beef and veal
for 22 hours with hydrochloric acid, Bigwood gt al. (1953) analysed|
the amino acids by ion-exchange chromatography. They reported that
ammonia, 18 amino acids and 3-alamine constituted 95 to 96 per cent
of total Nitrogen in beef and 92 to 93 per cent in veal. The amount

proline, glyeine, and arginine in beef were below and for aspartie
acid, threonine, methionine, tyrosine and histidine above the
comparable microbiological data of Greenwood etgl. (1981).

Alexander et al. (1963) determined the alanine, cystine,\

glyecine and serine content of 18 samples of beef, lamb, pork and
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histidine content was noted to be greater than that of lean meat.
On comparing the results with values reported for other meats,
milk and eggs, he recommended that turkey meat with its high pro-

tein content was a rich source of essential amino acids,

Bigwood (1960) in his classical study of the metabolism
of NMitrogen and sulphur in the ruminant, determined the amino acids

in cow's milk, beef and cattle feeds in the rumen. RBstimations for

these items were done separately, devoting greater attention towards

the study of methionine and lysine. Samples of shoulder and leg of
beef were obtained directly from the slaughter house. The muscle

tissues were then analysed and in both the ul timate findings loin
had significantly more alanine and tyrosines than other cuts.

Dahl (1962) noted that the distribution of 19 amino
acids in the degenerated muscle of plg the same as that of the
normal pig.

During the broiler trails lasting for 90 days, Saakjan
(1963) compared pure bred Brevan chickens and their crosses with
Pancyrev or New Hampshire breeds. Carcasses of groups of 6 birds
were taken for the comparative studies. Meat of all had about €9

per cent moisture and in Pancyrev XErevan group crude protein was

the highest. He further concluded that there was no difference

between the breeds.

Dahl (1963) traced the occurrence of free methionine
in the skeletal muscle of cattle, pigs, horse and found 1£1-257
'mg. per cent, 167 to 244 mg. and 152 to 268 per cent in crude
protein., He further pointed that as an index of quality, free
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methionine content of meat was no better than its hydroxyproline
content. |

Miller ot al. (1965) studied the free amino acid

content of chicken muscle from six broilers on a commercial

ration and six hens on commercial laying ration. All the birds

- were of the same strain, age and sex. Light meat had less free

amino acids than dark meat except for lysine snd histidine.
Taurine was higher in the dark mest of both hens and broilers,

They could not find any relation between tenderness and also in

the general pattern of free amino ascid concentration, or the

concentration of any single free amino acid.

DIET ARY AMINO ACID3 IN BLOOD AND TI3SUE3

The theories on protein metabolism explain that the
proteins of blood are in dynamic equilibrium with each other
and with tissue proteins. Rapid rate of disappearance of labeled
plasma proteins on parental administration from blood in normal
animal indicates the interchange with mobile pool of tissue

pl‘otain.
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2% al. (1989) discribed a procedure by which amino acid adegquacy

Bagle (1985) studied the specific amino acid requi re-

ments of a mammalian cell and found that the concentration of

essentlal amino acids needed for maximum growth varied and below
certain level rate of growth fell sharply. None of essential amino
acid could be replaced by D-isomers, but the Drisomers did not
actively inhibit growth., While Piez and Likins (1957) opined that
lysine was apparently the source of hydroxyproline of collagen
which was converted while in the bound form, However, Longenecker

of a diet for dog could be evaluated through a study of the free
amino acids in the plasma of animal fed the protein being assayed.

Geiger's (1960) observations in the book "Modern Nutri-
tion in Health and Disease" on the metabolism of proteins have been

sunmarised as follows :=-

That the absorbed amino acids are carried with portal
blood to the liver, partly retained there for the specific require-
ment, but the rest enter the general circulation from which they
are rapidly removed by several tissues involving specific selectior
mechanisms. The liver and kidney are most active while skeletal
muscle is less efficient. The fate of amino acids in each tissue
varies according to the momentarily prevalent requirement., In star-
vation and semi-starvation, the dietary amino acids are utilized

primarily as a source of energy to compensate the caloric deficit.

Barlier theories have been disapproved which assumed
that tissue proteins do not regularly enter the metabolic systems

but instead are used up slowly by dally "wear and tear" and are
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mobilized only when exogeneous supply 1s deficient. New concept
refers that a dynamic eguilibrium exists between tissue proteins
and dietary amino acids, as shown by the isotope studies with
labeled amino acids which indieate the tissue proteins, not as

rigild structures but there is the steady "give and take" process
between the two.

For optimal protein synthesis, all econstituent amino
acids must be present simultaneously in adequate quantitiaes, Absence

of one or more essential amino acids or in msatisfactory quanti-

ties, the rest unutilized ones are irreverssibly metabold sed. Thus,
it is a loss to the specific purpose because such dietary excess
can neither be stored nor used again in the body. any delay in
supplementation of the missing amino acids decreases utiligation
so that, when 4 to 6 hours intervene between feeding the incomple-
te mixture and the missing amino ascids, there i3 detectable inter-
feraeice with protein synthesis. 3Single labeled amino acids dis-
appear from metabolic system within 4 hours. The metabolic fate of
amino aeids other than synthesis, include deamination, decarboxy-
lation, transformation in other compounds i.e. as precurssors of

some hormones, vitamins, co-engzymes.

Geetani ef al. (1961) studied the distribution of lysine
1“6 in plasma, liver, heart, and gastroerenius muscle of rats and
concluded that in protein depletion protein synthesis becomes
concentrated in the liver. Tonkinson and Coworkers (1961) observed
the effects of dietary lysine on free amino acid concentrations in
blood plasma of growing turkey, when supplied with graded amounts
of lysine. Growth and effieiency of utilization of feed were sirilar
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in all diets but vith the increase of lysine its concentration
rose in plasma with the corresponding decrease of arginine, aspar-
tic acld, glycine, methionine and serine. They suggested that the
low concentration of arginine indicated for limiting growth but
variations in plasma concentrations in plasma concentration for
others as due to retention of sgg yolk at 2 weeks and high energy
requirements in older birds.

Hill and Olsen (1961) studied the effect of starvation
and non protein diet in poultry and found that the removal of feed

resulted increased concentration of lysine and threonine in the

plasma, giving highest concentration in 24 to 36 hours. The protein
free diet caused lower concentrations of all amino acids than the
complete diet. In the same year, Hill et al. observed that in 4

weeks old chicks, on lysine deficient low protein diet, thers was
no effect on growth rate except a decrease of lysine in plasma by
64 per cent. Addition of lysine to such diet, restored plasma lysire

level to nom:al.

Swendseid, Hickson and Friedrick (1962) observed the

effects of non essential nitrogen supplements on growth and on

amino acid content in plasma and muscle of weanling rats fed a low
protein diet. They found that on addition of threonine plus trypto-
phan, growth increased slightly and retardation by unessential
Nitrogen sources was prevented. They noted that there was an increq
ase in free unessential amino acids in plasma of rats given supplew
mentary unessential Nitrogen, largely, but not emclusively through
i{nerease in the amino acid given and non-comitant reduction in the

ratio of essential to unessential amino acids. There was similar
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but less marked changes in the free arino acids in the museles,

The views of Bender and Doell (1962) related to the
non-significant difference in lysine and arginine content of
plasma of 24 male rats fed for 14 or 28 days on diet containing
no lysine, or 33 per cent or 100 per cent of Bender's "target
value" for 1$rsine. The same was the case as noted in the pairs of
pigs, fed for 8 weeks on a commercial diet which was based on
wheat gluten, or a lysine free diet based on zein,

In the trials, white Phymouth Rock pullets were given,
upto 2 wecks of age, a basgal diet containing 9.5 per cent of iso-
lated soyabean protein, supplemented with DL-Methionine and glyecing
and then the same diet, supplemented with mixtures of amino acids

calculated to be equivalent to 25 per cent of isolated soyabean
protein with respect to the contribution of L-amino acids but each
lacking one essential amino acid, arginine, isoleucine, lysine or |
valine. Welght gains, feed consumption, were recorded for one weeck
and the birds were killed. During such studies Hill and Olsen
(1963) obtained the results in conformity of thelr eariier work
in 1961 as they found reduced weight gain, feed consumption, and
less amount of missing amino acid in plasma. They concluded that
the depression of weight gain was due to relatively large amounts
of amino acids which underwent deamination or exeretion.

Puchal and Co-workers (1962) deseribed the specific
plasma amino acid pattermns for a series of different dietary pro-
teins and compared them with that in plasma of animals fed milk
proteins, thus the amino acids that may be responsible for
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restrieting protein synthesis in the animals could be observed,

Muramatsu et gl. (1963) in the tracer study demonstra-
ted the loss of activity of heart, miiscle and testis proteins
showed less change with changing diet protein levels,

Zinmerman and Scott (1965) showed the inter-relationship
of plasma amino acid levels and weight gain in the chick as influ~

enced by suboptimal and superoptimal dietary congen trations of
single amino acid. In the same year, Richardson &t al. found no
significant change in plasma free amino acids in plgs after 12
hours and 24 hours fasting. They could not detect any significant
change in free amino acid in plasma taken 3y 6 and 9 hours after
feeding.

The use of free amino acid concentrations in blood
plasma may aid to detect deficiencies and excesses of dietary amino
acids was advocated by Dean and Scott (1966). Their study on diets
containing insufficient lysine or valine resulted in a f£all of
these limiting amino acids in blood plasma of chicks. While diets
in which lysine and valine were first and second limiting as shown
by growth trials, a fall of both in plasma was observed, lysine
being most reduced. Excess of lysine caused, a striking increase
in plasma lysine, but relatively small changes in other amino
aclids. Suboptimum amounts of valine and threonine with excess of
lysine, tyrosine, and isoleucine resulted in low plasma levels of
the first two and high levels of the other three.
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MATERIALS AND METHODS

PREPARATION OF STANDARD AMINO ACID SOLUT IONS:

The techniques of Cowgill and Pardee (1962) were
. adopted with some modificstions for preparing the standard solu-

tions and their subsequent applications on the chromatograms for
developmen t,

0.2 milli mole of each of the amino acids was welzhed
accurately, in a clean and dry test tube that was weighed previ-
ously. The quantities for individual amino scids were as follows:-

(1) Lysine monochloride (%E.Merck) - 36.53 milligram,
(ii) Arginine monochloride (&.Merck) - 42,14
(iii) Di~-B-Phenylalanine (B8.D.H.) = 33,04

99

(iv) I1~Leucine (containing 1so-lencine)

- (BoDoHo) e %.39 99

The quantity weighed for both leucine and isoleucine
was equivalent to 0.2 milli mole of leuecine and this quantity was
also pooled with that of 0.2 milli mole phenylalanine., These steps
were taken for the following reasons -

(a) All the three amino acids viz. leucine, isoleucine
and phenylalanine belong to the essential group.

(b) Leucine and isoleucine have the same molecular weight
as such thelr locations on the developed chromatogram are
nearer to each other. On the other hand n= phenylalanine
spot too, is generally nearer to those two spots,

(e All of them yield the same initial colour with

Page ‘NO..-...49‘. .........

o



LAl

AL i B Ut bt AP b G S

il Ao
w4 P 1

A1 L

il gy

S fmeel)

oS e I P e bbbt b el M in e e sl

Magadh University M. Se. (A. H.) Thesis, 1969

ninhydrin, after eolour development (blue-purple).

(d) Non availability of leucine and iscleucine in pure
form.

Then to each test tube, added 10 ml. of 10 par cent
isopropanol in distilled water containing dilute HEl. shaken the
tubes carefully till the amino acids got dissolved, Presence of
HE@l.helped this process. Then further added 10 ml. of this solvent
to each test tube to make the three amino standard solutions {.e.
lysine, arginine, and phenylalanine, leuecine containing isoleuecine

(one soluticn). 1 microlitre of each of the standard solution

contained 0.01 micro mole of the respective amino acids except for
leucine and isoleucine. Stoppered the test tubes and kept for the

preparation of standard curves.

The weight of the amino acids econtained in standard
solutions used for the preparation of standard curves. ( Table 3.1

presented on page no. 81 ).

PREPARATION OF REPERENCE AMINO ACID MIXTURE:

3ince, the amino acid solutions were already prepared
for the purpose of utilising them for standard curves, 10 ml. from
each of the three standard solutions were pooled in a clean and dry
test tube. It was prepared for applying it by the side of the
unknown mixtures or hydrolysates in the chromatogram, for the sole
purpose of identification of the resolved amino acids.
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used for preparation of standard curves.
‘ . o !
Quantity § Lysine § Arginine § Leucine containing
(in micro § (Microgram) § (microgram) § isoleucine ang pheny-
moles). g ; g lalanine (microgram).
' 0.01 l.8264 ' 2, 1066 2.,9638
0.02 3.6528 4,2132 5.9276
0.03 5.4792 6.3198 8.8914
0.04 7.3086 - 8.4264 11.85862
0.086 9.1320 10,5330 14,8190
0,06 10.9584 12.6396 17.7828
0.07 12,7848 14,7462 20,7466
0.08 14.6112 16. 85628 23.7104
0.09 16.4376 18,9504 26,6742
0.10 18, 2640 21.0660 20,6380
0.11 20,0904 23.1726 32.6018
0.12 21.9168 28.2792 35, 5656
0.13 23.7432 27.3888 36, 5204
0.14 25, 5696 29,4924 41.4932
0.18 27. 3960 31. 5090 44,4870
0.16 29,2224 33,7088 47,4208
0.17 31.0488 36.8122 80, 3846
0.18 32,8752 37,9188 53, 3484
0. 19 34,7016 40,0254 86,3122
0.20 36,5280 42,1320 £, 2760

.........................
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LABORATORY POR CHROMATOGRAPHYS

All the chromatographic work were done in the 1labora-
tory spared for the purpose, which was free from ammonia and
fumes. The room had minimum of window space and was located in the
centre of the building, which prevented sudden draft and radical
changes of temporature. These conditions permitted to obtain the

developed chromatograms with regular spots of amino acids and with
straight sclvent-fronts.

The following eguipments were used for the estimation
of the amino acids in the present investigation :-

(i) Two dimemsion paper chromatography ecabinet (Sirco make)
glze - 24"x12"x24", which had the glass and wood
construction (paraffined) along with 3 solvent troughs,
3 bended glass supports, and 6 anti-siphon rods.

(i1) A packet of 100 sheets of whatman chromatographie
filter paper no.~1 (size - 46 oms.X 57 cms.).

(111) Hair dryer, glass atomigzer, table lamp.

(iv)  Pipettes, micropipettes, funnels, separating funnels
and other routine glass wares.

(v) Working table with glass plate.

There was also an almirash containing different chemicals

all belonging to 'AnalaR' grade.

CHROMATOGRAPHIC METHOD:

Utmost e¢leanliness was observed during the chromato-
graphic work. The glass wares along with the glass plate, solvent
troughs and rods were thoroughly washed with hot soap water and
distilled water. The sequence for cleaning of micropipettes was,
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hot soap water, distilled water, and acetone. It ways a routine
practice that the appliances after cleaning were perfectly dried
before use with adequate care to prevent contamination. During
work, both the hands were being kept clean as far as practicable,
Clean rubber hand-gloves were also being dsed when necessary parti-
cularly while touching the chromatograms,

The method of Block and Zweig (1958) was adopted with
some modifications according to the convenience., Cne dimension
descending paper chromatography with a single solvent system was
employed throughout the chromatographic work. It involved the
following main procedures :-

(i) Preparation of sample (Hydrolysates).
(i1) application of the sample to the filter paper.
(iii) Development of the chromatogran.

(iv) Drying of the chromatogram after development and
detection of spots.

(v) Quantitative elution of the nihydrin treated amino
acids.

The technique followed for the preparation of the
hydrolysates has been described under the head "preparation of

samples®.

(1) Application of the sample (spotting) %o the paper.

A sheet of filter paper was taken out from the packet
and placed over the table with the care so that it lay traught on
the glass plate. A line 8§ cm. distant and parallel from the shor-
ter edge, was faintly drawn with a light pencil. Right tiny
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peneil points gpaced at & em. interval were faintly marked on the
same line and a small circle (4 mm, dia) was made on each point,
Two points on either extremes had the locations of 2.5 em, away
from the respective edges. While doing so perfectly clean hands

were used and also touching the filter paper was avoided,

The micropipette used was 100 miero litres in capacity
having subdivisions indicating 1 micro litre and without automatic
delivery device. Prior to taking up the work of spotting, manual
manipulations of the other micropipettes were practised, to get
used to their applications in the actual procedure of spotting the
sample.

The usual procedure for spotting was as follows :-

One of the clean, dry micropipette was dipped in the
solution which was to be applied on the paper. The micropipette
was allowed to get filled by capillary action. Sucking from mouth
was not practised as there was possibility of contamination. when
the desired quantity of the solution travelled in the pipette, it
was then withdrawn, and the outer sides were wiped off, with g
clean and dry ordinary filter paper. To prevent the loss of the
solution to the glass plate during spotting, a watch glass was put
below the chromatographic papef. The watch glass was being moved
on that line after each spotting. The solutions were applied at
the designated points already marked and encircledwith the soft
pencil along with the identification marks below each one of them,
The "modus operandi", adopted while spotting the sclution of the
Qpecified volume was,by gently touching the paper, a number of
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times. While doing so, usually an angle of 45° yas formed between
the miero pipette and the paper. After each such operation, the
material was allowed to dry with the exposure to ordinary table
lamp. 3ince, spot size, the uniformity of spot and shape of it,
can affect the subseguent spot of the developed chromatogram such
meticulous care was taken with each application so that ultimately,
each spot was small, round and uniform. Average size of the spot
was 3.5 to 4 mm., in diameter. The number of the applicétions on
the paper depended upon the samples but care was taken not to
excead more than eight, in all. The spots were then allowed to dry
completely. Aftér it, the paper was folded sharply along a line

S cm. from the edge. Such folding kept the distance of the spots
2.5 cm, from the fold. Fj.nally, the paper was transferred to the
chromatographic cabinet where it was put in the manner as deseribed

below 3~

Both edges near the fold were ecaught hold, by hand
protected by clean rubber gloves and the paper was pushed gently
in the glass trough which was resting on the upper grooves of the
cabinet. The paper was fixed by the help of gll‘ass support which
had bended ends. During the operation care was takken that paper
rested over the antisiphon rod which too, was placed parallel to
the trough on the upper grooves. The paper was thus in a hsnging
position and the antisiphon rod was in a position to control the
excess Tflow of the solvent. Then the paper was allowed to equili-
brate in the solvent vapour escaping from the beaker, kept on the

floor of the ceabinet.
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(2) Development of the chromato;ram

Partridge's solvent (n-Butanol : acetic acid : waters

40 : 10 : 50) was the only solvent used throughout the chromato-
graphic work. The solvent has the following advantages := ’

(1) It has appreciable resolving power for amino aecids.
(11) It has the non-toxie properties and can be handled
with ease.
(111) The solvent system .does not destroy the amino acids
while drying the developed chromatograms,
(iv) In this solvent system the chromatographic paper do
not require lengthy pre-egquilibration time.
(v) It can be comparatively easily prepared.

(a) Preparation of the solvent :

400 ml. of n-butyl alcohol was taken in a one 1litre
volumetric flask. To it 100 ml. of glacial acetic acid was added
and shaken for a while. Distilled water was added in small amoumts
upto the mark, and mixed the contents well. During such a procedurJq
butanol and acetic acid got saturated with water and their satura-
tion point was ascertained by the absence of shining bubble 1like
droplets at the junction of the two layers of the mixture. Two
layers of this mixture were separated, by the help of a separating
funnel. The contents of the lower layer in the separating funnel
was collected in a clean and dry bottle and stoppered it. 5 ml.
of this solution was always kept in a beaker in the chromatographid
chamber in order to saturate the inner atmosphere with this

solvent vapour. The supernatant part containing butanol, acetie
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acid mixture, was also collected in a separate clean and dry botchj

and stoppered it for future use ag solvent.

{(b) Development of the chromatogram:

Bnough of this solvent 'was poured into the troughsby
means of a pipette through the holesin the upper 1lid of the ¢losed
chamber, so that the troughs were 3/4th full. During solvent-
development of the chromatdgram it was an usual practice to cheek
whether the trough contained ample guantity of the mixture, When

necessary, some more was poured. After 20 = 22 hours,when the

solvent-front had travelled a distance of 40 - 42 ems. and app r'O X.,

2 - 3 cws. away, from the other edge, development was stopped. The
developed chromatogram was taken out with a clean hand covered
with gloves and kept for drying in the room,

(3) Locating the spots in the ghromatograms

Methods of Giri, Radhakrishnan and Valdyanathan (1952)

was adopted for drying and colour development of the chromatogram
and also during subsequent elution of the ninhydrin spot for quan-
titative estimation,

The developed chromatogram was hanged with plastic
clips. Perfect drying of the paper was ensured by exposure to ordi-
nary table lamp for 10 - 15 minutes. Then the paper was spray ed
with 0.5 per cent ninhydrin in 95 per cent acetone, Spraying was
done with the glass atomizer, 50 ml. capacity, having a rubber
bulb which was connected to the glass tube of the glass eontainer,
by small. connecting rubber tube. The following procedures were
adopted during the spraying operations:-
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Glass container with the colouring reagent was caught
hold with the left hand and kept in slightly titleq position, at
the distance of 15 - 18 inches from the developed chromatogram,

Gently, the rubber bulb was manipulated, with the result, thin

spray of the colour reagent appeared which were allowed to fall
on the right corner of the paper above., Gradually, the container
was moved to the left on the same line but continuing the opera-

tion, till it reached on the other ¢orner. 3Jame procedure was

repeated below this application, and continued ti1i the entire
paper was sprayed with the reagent vhich left a wetting mark on
the paper. Care was taken, not to over flood the chromatogram to
prevent formation of diffused and ill~defined spots. The spraying
technique was followed as described, since it prevented overflood-
ing of the reagent. The whole process took 10 - 15 minutes and
consumed about 30 ml. of the reagent. Then the sprayed chromatogram
was allowed to remain for another 15 - 20 minutes till it got
finally dried. After it, the sprayed paper was folded and trans-
ferred to the hot air oven and kept at 65°C for 30 minutes, with
particular care for the temperature control. Precasutions were
taken, to put clean and dry, but ordinary paspers, as linings to
the inner walls of the oven. The chromatogram was then taken out
and put in the hanging position. Examined the resclutions of the
sample and located the ninhydrin spots against the corresponding
known amino acid (reference amino aecid).

(4) ﬁution of the ninhydrin spots

Distinet zones of ninhydrin spots that had different
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colorations vigz., bluish purple, pink, slight red, yellow were

formed depending upon the amino acid. The spots, on identification

against the reference amino acids, were cut, one after another sna

put into separate eclean and dry test tubes, already marked with

glass pencil for their identity. Care was taken to hold paper-cuts
with clean forceps not by bare fingers, and while cutting the pap
clean and dry seissors were used., The paper cuts from the place of
original application of the sample and from some randomly sel ected
portion of the paper were taken for blank determination,

To each test tube 4 ml. of 75 per cent Bthyl alcohol

contalning 0.2 mg. of copper sulphate was added. Thoroughly shaken
till the ninhydrin colour was eluted from the paper. The optieal
density of the coloured solutiom was measured using a klett -
Summerson photoelectric colorimeter with green f£ilter (540 m. AT) .
Colorimetric readings were noted and averaged. For the standard
amino acid solutions these were plotted on the graph papal_', aga:lnsy
the respective quantities of amino acids originally tsken for

application on the paper, the points were joined with a straight
line. The colorimetric readings obtained from the wnknown mixture
or hydrolysate were utilised, for evaluation of the quantities,
with the help of the standard curves.

To know the quantity of amino acids in the unknown
mixtures and hydrolysates the standard curves were always used.

The amino acid on identification in the chromatogram followed by

elution, indicated its quantitative transfer to the solvent (i.e.
4 ml. 75 per cent Sthyl alcohol containing 0.2 mg. of Cu 30, EHZ0).
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The optical density of the solutloan,
reading,

when known by the colorimetri
shows the concentration of the amino acld or unknown
substance in the solution,

It was known by reference to the stan-
dard curve prepared for that particular amino acid.

COLLECTION OF MBAT SAMPLES:

The muscle tissues of buffaloes and goats were collected
from the loeal slaughter floors of Phulwarisharif and Rajabazar,
The animals were reported to have been killed approximately 30
minutes earlier, by Halal method, with bleeding as far as 1t was
practicable, The muscle tissues were chosen from the middle third
of the longissimus dorsi muscle. To praovent loss of water, during
preparation and subsequent handling, about 25 grams (approx,) of

fat free, connective tissue free muscle tissues were taken to the

laboratory.

Breast muscles from white leghorn hens were obtained
from the slaughtered birds from the Department of Physiology,Bihar
Veterinary llege, Patna. Apparently, the birds were healthy and
no abnormal characteristics appeared in them, after g lapse of 20
minutes from death., The same quantity of the sample was taken

following the same procedures, ss in the case of buffaloes and

80a%S. The live birds were reported to be layers.

ESTIMATION OF MOISTURE, DRY MATTER, AND PaT CONT BNTs

Fat percentage and dry matter content of the correspon-
ding samples vere estimated as recommended in A.0.A.C. method with

some minor modification.

Page NOGOI ..........
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Welghed 25 gms. of meat, in a previously weighed and
dried petri dish along with its 1id. Dehydrated the sample in the
steam oven at 95 - 97°C t111 a constant weight was obtained. Cal-

culated the dry matter. Moisture content was estimated as usual,
by difference.

Dehydrated samples were then properly ground in a clean
and dry glass pestle and mortar, and shifted it to the oven for
re-heating for a few minutes, Cooled the contents in the desiccaton
and weighed § gms. of it. Transferred the entire quantity to the
soxhlet's thimble and extracted with petroleum ether (range 40 to
60°C) for 20 hours in soxhlet's apparatus. Then taken the comtents
from the thimble in a glass basin and evaporated ether in the st ear

oven., The dehydrated ether extracted musele was again ground, as

before and put in the glass test tube and stoppered it. The sepa-
rated fat was freed from ether, welghed it and calculated the

percentage.

PREPARATION OF S4MPLE3S (HYDROLY3ATZS):

The method of Block and Zwelg (1988) was adopted for
the preparation of the hydrolysate from dehydrated, ether extracte#

muscle, 100 mg. of the sample was accurately weighed in a previous:
1y weighed test tube. 10 ml, of 6 N HClL was added and stoppered
with rubber cork along with the reflux tube. It was clamped and

put in the boiling water bath for hydrolysis, which was earried
for a period of 24 hours spread over 3 consecutive days. The hydrop
lysate was ultimately transferred quantitatively, to clean and dry
basin by repeated washing with S ml. of distilled water each time.
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Placed the basin along with the cortents in the steam oven for the
removal of excess of hydrochlorie aclid present in the hydrolysgate,
Allowed to remain the basin till thin films of amino acid hydro-
chlorides appeared. Transferred the basin to the desiccator and
kept over calcium chloride for 24 hours. Then added 20 ml. of

warm water to the basin containing the dehydrated hydrolysate,
thoroughly mixed it by gentle shaking and filtered slowly with
care to avoid any loss by spilling. The filter paper over the
funnel was carefully washed repestedly with distilled water, but
the total volume of water did not exceed 15 ml. The filtrates
already collected in the clean and dry basin was then shifted to
the steam oven as before and the content was evaporated to dryness,
After it, placed the basin in the desiccator over ecaleium chloride
to ensure perfect drying and cooling, and left it for 12 hours.
Then known volume of 10 per cent isopropanol in distilled water
was added and with gentle but persistent shaking the amino seid
erystals were dissolved. Trangferred the content to a clean and
dry test tube with the identification mark, stoppered it and shif-

ted for the analysis.

BST IMATION OF TOTAL RITROGEN:

The estimation of total nitrogen in dehydrated, ether

extracted muscle was done in the following manner :-

Digestion ¢
Micro-Kjeldahl digestion by the Arnold Gunning method

was adopted. 100 mg. of the material was weighed and transferred
to the micro-kjeldahl digestion flask. 3 ml. of cone. sulphuric
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- ete digestion. It was colled and quantitatively transferred to a

_taken in 100 ml. conical flask having mark at S0 ml. and €0 ml.

aeld, 10 drops of & per cent copper sulphate sclution, 1 gm, of
potassium sulphate and a fey 8lass beads were added to it, Diges-

tion was continued till mixture became clear. Added 1m,
Hg304

of cone|
and further heating for an hour was allowed to ensure compl«

volumetric flask S0 ml. Ccapacity by rinsing 3 - 4 times with dis-
tilled water. Added distilled water, after shaking it and diluted
upto the mark. & ml. of diluted digest was utilised for the esti-

mation of ammonia, by distillation and titration was given belowi-

gst.‘lllation of ammonia and titration

The method of Mesker and Wagner (1940) was adopted for
this purpose. The method involves absorption of ammonia in the
boric acid solution. The exact strength and volume of this solution
are not important since the excess bamic acid does not affect
titration. 4 per cent boric acid was used during the process. On
distillation the solution of boric acid atonce turns alkaline to
methyl red due to the presence of asmmonia. To turn the colour of

the solution to original colour, standard sulphuric acid was added

which was equivalent to the amount of ammonia distilled in the

boriec acid solution.

20 ml. of 4 per cent boriec acid solution containing
Meoker's indicator, comprising methyl red and methylene blue was

levels. Care was taken to dip the tip of the condenser in the boric

aclid solution. It prevented the escape of ammonia in the atmosphemq
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S ml. of the diluted digests was pipetted in the Markham's sti11,

Saturated solution of sodium hydroxide was added till the solution
in the inner chgmber of Markham's still became blackish,

Initially the steam was allowed to pass at a siow rate
and gradually it was inereased to an optimum speed. The distillate
was collected upto 50 ml. mark in the receiving flask., PFrequent
trouching of the condenser and continuous flow of cold water throu-
gh the rubber tubes, ensured that it was not hot. The receiving
flask was lowered down and the tip of the condenser was washed with

distilled water collecting the washings in the receiving f1lask.
The receiver was kept for titration with /35 Hy30,.

Distillation was stopped and the inner chamber was
cleaned with water and the fluid was removed by back suction so as
to make it ready for further use. Before the distillation of other
digests blank distillations were done to remove the presence of
ammonia if any. Titration was done from a micro-burette of 10 ml.
capacity having graduation of 0.06 ml. The end point was Judged
by comparing the colour with control flask having 20 ml. boric
acid with indicator, diluted to 80 ml. The volume in the experimen-
tal flask was also made up To 80 ml. by means of distilled water
to match the volume of the control (comparing flask). Finally, the
volume of I/36 H;30, needed to mateh the colour was noted for

calculation. Galoulated values of Hitrogen were tabulated and on

further calculations, the crude protein contents wers alse noted,




tigation:-

(a) Reagents used for the estimation of amino aclds
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(b) Reagents used for the estimation of total Nitrogen.

REAGENTS USED

The following reagents were used in the pregent inves-

(1) 104 Isopropanol in distilled water
(containing dilute HCl.).

10 ml. Isopropanol, 1 ml. 6N.,HCl, €9 ml. distilldd
water. (when it was used for hydrolysates HC1
was being omitted, and distilled water was taken
in 90 ml. quantity).

(2) 6 N.HQL.

(3) Partridge's solvent.
n=-butanol: glaclialwacetic acid: water ( 40: 10:
Detall description for preparationsof Partridze!
solvent are under the title "Develophent of
Chromatogram",

(4) HNinhydrin solution (for colour development).

digsolved in 100 ml. of acetone ('AnalaR'),

(6) 75% Bthyl alcohol (containing 0.2 mg. CuSO,, SH,0.in 4mH)

50 mg. Cus04.8l 0, was dissclved in 210 ml, of
- distilled water. To this solution 790 ml, of
Bthyl alcohol was added to make it one litre.

(1) Copper sulphate 5% solution.

(2) Boric acid 4% solution.

40 g. boric acid in some hot distilled water
and volume made upto 1 litre,
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(3) Meeker's indi ecator,

25 mg. of methylene blue and 100 mg. of
methyl red in 100 ml. of absolute glcohol.

2 ml. of this indicator was added to 1 1itre
of boric acid 44 solution,

(4) Standard sulphuric acid.

N/ 35 3290 .

(8) strong alkali.

60 g. sodium hydroxide pellets in 80 ml.
distilled water. :

METHODS FOR CALCULATIONS.

During the various quantitative estimations of the

muscle tissues, different calculations were made as follows s-

1. Dry matter, Moisture and Fat content:

(a) Dry Matter per cent.

selaht of DY, X 100, 5,
Welght of fresh muscle tissue D.M.per cent,

(b) Moisture per cent.

Weight of muscle tissue - Weight of D.M.x 100
Weight of muscle tissue

= Moisture per cent.of fresh muscle tissue,

(c) FPat per cent( in D.M.).

Nelght of ether extraet X100 J53 ¥ por eant of
weight of D. M. D. M,

2, Total Nitrogen in dehydrated, ether extracted muscle:

The mode of calaulation was as given bhelow 3=
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3.

3ince, 80 ml. of total digest was prepared from 100 mg.
of dehydrated, ether-extracted musecle.

Therefore, 5 ml. of it, contained the amount of Noy
present in 10 mg. of the sample,

o090 LR ®eo0 : A.
$ince, 1 ml. of W35 Hy30, is equivalent to 0.4 mg,
of Mitrogen.

S0 A = ml. of N/35 HyS0, X 0.4 Mg. ..  +uo B

or in 100 mg. of dehydrated, ether-extracted muscle
contains B X 10 mg. of Mtrogen. sso ese G

or 100 g. of sample contains . grams of NMitrozen,

or 100 g. of sample contains . X 6.25 gms. of
crude protein.

Amino acid content in dehydrated, ether-extracted musele:

First, the amount of amino aclid was estimated in 10

micro litres of hydrolysate and then, from this estimated amount

the aminoc acid content present in 2 ml. of hydrolysate was known

by ealculations. Standard curves aend Table 3.1, were used during
such caleculations.

For instance, in case of lysine, when the eolorimetric

reading 1nd1catéd 80 on the scale, the reading was referred to the

standard curve which showed 0.08 micro moles of that amino aecid.

Bvidently, Table 3.1 as quoted above, pointed to 14.6112 micrograms

of 1ysine. However, from practical standpoint the last two decimal

places were omitted. This value indicated the quantity of amino

acid present in 10 wiero 1litres of hydrolysate. To know the total

quan

tity of amino acid present in 2 ml. of hydrolysate, it required

usual multiplications and divisions %o arrive at the values, which
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‘wero then represented elther in mwilligrams or grams of the amino

acid. To simplify the matter, it can be represented as followss=

3ince 2 ml, of hydrolysate was prepared from 100 mg,of

dehydrated, ether- extracted miscle.

Therefore 1 ml, of it represents 50 mg. of the sample. :

or 10 micro litres of it represents 0.5 mg. of the
sampl e,

When § represented the total amount of amino aeid

Present in 10 miero litres of hydrolysate, and T the amount
of amino acid in 2 ml. of the hydrolysate.

Then T = G X 200 Microgram (i.e, amount present in
2 ml. hydrolysate or 100 mg. of the sample),

=_Qiéi%Qng.

or G X 100 mg. of amino acid present in 1 mil. of the

1000
hydrolysate or 80 mg. of the sample,
Q—KW ng. = Total amount of amino aecid in

180 g. of dehydrated, ether-
extracted muscle.

8- = Grams of amino aeid in 100 g.
1000 X 1000 of dehydrated, ether-extracted
.uscle 200 -] a0 B‘

4. Various ways of representing the amount of amino acid
content in the sample.

Daring the present work of the determination of amino
acids in the muscle tissues,the values were represented as
follows :-

(1) Grams of amino acid per 100 gram of dehydrated,ether-
extracted muscle.

R - represents this value.
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(11i1) Amino acid content in grams of Nitrogen per 100 g. of

(11) Grams of amino acid per 16 grams of Mtrogen in the
dehydrated, ether-extracted muscle. .

Grams of amino acid in 100 g. of

X 16 _
Total Nitrogen in grams in 100 g.of ol el
dehydrated, ether-extracted muscle

dehydrated, ether-extracted muscle.

Calculations were made on mélar basis. The number of

atoms of Nitrogen present in the amino acid, was multipiie

_F

by 14 and the product was divided by the molecular weight

of the amino acidyin g uestion, Then the value was express:
ed in granms.

For example i~
Amino aseid Nitrogen for lysine = 315%._6]% sssseP gM,

: was
The total quantity of amino-acid-Nitrogen/cecalculated

by multiplying P with the amount of amino acid estimated
in the hydrolysate.
For example :-

Amino acid N, in estimated lysine ‘%Q.Le]% X 8,30

= 1687 c00cee e

v) Amino acid content in gram of Nitrogen per 100 g. of I\ X
% e)f\»dehydrated_, ether-extracted muscle. _Efb‘:ﬂ

Arino geld Nitrogen L %X 100,
Total Nitrogen in 100 g. of de-
hydrated, ether- extracted muscle.

(v) Amino acid in grams per 100 grans M trogen.
Amino acid in g.in 100 g.of dehydrated, ether-

R
extracted nuscle. -
amount of Nitrogen in 100 g. of dehydrated, C
ether-extracted muscle
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SLATISTICAL MEPHODS.
(1) 'F' test :

The data of the present study were subjected to 'P
test for statistical inference. The following is the skeleton
of the analysis of variance.

The skeleton of analysis of variance table g=

{ { ¥ T
Source of Variation g d. f. g 3 S l M., 8. l F-
i §
Between species. s -1 B 5?'3. o .5. = 7
Within species (Brror) n-s A-B AB -y
Ne~s
Total :- ne-y1 A

Where n = is total number of samples.

s = 1s total number of specles.

(2) 8. B, 3= The following formulas was used to obtain the

standard error of the dirferent' estimates.

i
8 B = n (n-1)

where éxz = crude sum of square,
2
-(f“-gﬂl = Correction factcr.
n = Total number of observations.

i*i:*
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RESULTS AND DI3CI33ION

e e e e e e et S e T g

Choice of 3olvent

It 1s a well established fact in the field of chromato-
graphy that choice of the developing solvent plays a central role
in the ultimate efficiency of the process of resolutions and the
solvent ultimately chosen in this work was based on the findings
of previous works. .

Woiwood (1949) preferred the use of Butanol : Acetiec

-acid ¢ water mixture, as solvent. He stated that when the two

layers separated, the upper layer served as the moving phase and
and aliquot of lower layer was placed in the chromatogram chamber,
Redfield and Baron (1952) observed that all cormon amino acids
could be separated with different aliphatic alcohols and water
mixture, as the developing solvent. Kowkabany (1952) explained ths
slower moving solvents produced rounder and less diffused spots. .
Giri et al. (1952) appreciated the use of butanol, acetic acid,
water mixture, as a solvent. Levy and Chung (1953) used the game

mixture with success., Block and 2Zweig (1988) also recommended it, -

as one of the solvents of choice, for the analysis of amino acids
on paper. -

Taking cue from others, it was considered proper, to
use Partridge's solvent throughout the chromatographie work., The

advsntages enumerated earlier, made it more alluring for the

purpose.

it

T




Fixation of location of Amino Acid in a Chromatogram
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The specific distance travelled by the particular amino
acid during the solvent development, indicates it resolution from
the mixture of amino acids or hydrolysates applied on the chromato-
graphic filter paper. Different amino acids have different positic:n+
in the chromatogram. Their locations on the paper along with the

distance travelled by the solvent front, assists in calculating
its Rf. values. Calculations of the Rf. values have been apprecia-

ted as the guidelines for identification of the amino acids.Howev er

Zimmerman (1983) enumerated a number of points that may esuse
varlations in Rf. values. Block and Zweig (1958) cautioned that
such calculated values must not be depended upon entirely. They
further recommended that while applying the aliquot of a sample on
paper, a good number of spots of reference standard amino aeids
solution (mixture) may be applied. The application should be such,
as to facilitate identity of unknowns. They also advocated that

such applications in the same chromatogram cancelled the probable

experimental variations.

Therefore, in the beginning, it seemed to be a nocessity
to have an idea of the approximate locations of each amino acid of
the standard solution., The Rf. values were calculated by the
following recognized formula :-

Digtance travelled by substance .
s Distance travelled by solvent front

Two separate standard amino acid solutions were prepared
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for phenylalanine and leucine containing isoleucine, taking 0.2
milli moles of the amino acids, in each case. For lysine and
arginine, there was no necessity to prepare fresh one. Two filter
Papers were taken and numbered as 'A' and 'B', In filter paper 'A!
four standard amino aeid solutions were applied in quantities of
S and 10 mi.cro litres. Duplicates were also made in filter paper
'B'. PFilter paper 'A' was developed only once, but '3' was run for
the second time after 16 hours drying in between two solvent stagesﬂ
in a room for better separation. For pest of the procedures, there

was no difference.

Both the solvent fronts were measured. Varicus ninhydrin
spots were also measured (distance from the point of applieation
to the ninhydrin spot). Rf. values were calculated. The calculated

values are represented in Table 4.1 on page 74.

Apparently, the locations of lysine, arginine, phenyla-
lanine, leucine and iscleucine were in the descending order. The
Rf. value for each one was different(for each amino acid)., In the
cage of leucine and isoleucine due to incomplete resolutions, same
values were taken, for both.

It was noticed that the quantity of amino acid (in 10
piero litres) made bigzer ninhydrin spots,whereas, the spot-size
in & micro litre aliquot showed small areas.

The location of 1lysine and arginine were further apart
1# each chromatogram. The intervals bej:wean leucine and phenylala-

nine were comparatively closer.




TABLE“&.].

Table showing the distance of solvent fronts, amino acids

in a single run angd re~developed chromatogram
with the caleculated Rf. values. § :

3% 9 I |5 €
Solvent § Deseription j Lysine lArginine!Leucine con=- !Phenylalaninn
:z:lc'p- § taining iso-

App lication (in Lﬁ—m_%
iero litres) a B 11 10

=

Single Distance trave- 33.5 cms.
Run 'A' 1lled by solvent
front (in cms.)
Peeo0o0o000ccan 8o
Distance trave- 3,8 3.8 63 63 22.85 22.5 19.7 19.7
lled by the amino
acid (m cms.)..-
o006 o000000 b-
R
t‘:g. Rf. =-§ 0.11 0,11 0.15 0.15 0.67 0,67 0.5 0.5
34°c¢,
Distance trave-
lled by solvent 46,0 emsg, - 1st run,
front (in cms.) *46 .4 cms. - 2nd run,
90000000000 a.
Re-deve- mstancetgrave-
loped lled b ]
'Bl'). amino );c:ld (in 8.0 8.0 11.1 11.2 37.9 37.9 34.7 3A.7
GIBS-) o000 00
}:"p‘. Rf. =2 0.17 0.17 0.23 0.23 0.81 0.81 0,76 0.76
34°c, ™
t e of solvent front in chromatogram in
' zg:oxﬁsrggc( 46.4 ems, ) was taken for calculation
of * Rf. values.
Page No, 74.
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Assessment of the resolution of the constituent
amino scids from g mixture 3 %

To test the efficiency of Partridge's solvent, steps
were taken to exauine the resolutions of different amino acids,
Two filter pPapersydesignated as No. I and No. II were talken. The
applications of an aliquot of 10 miero litres were made to € spots
only in this order i.e., Mixture - Lysine - Mixture, - Arginine -
Mixture - Phenylalanine and Leucine containing Isoleucine, In this
work, reference amino acid mixture gnd three standard solutions
were used. Applications were made on the same pattern, as it was
done in Chromatogram Ho. I in the case of second Chromatogram,
Chromatogram No. II was re-developed,after 16 hours drying in bet-
ween the two solvent stages. 3Separated arino acids were identified
by the help of known amino acids (reference). Measurement of Rf,
Values and visual assessment of separations were done, for both

the chromatograms after colour development.

Table 4.2 indicates the values obtained from such study,
as presented in page no. 76.

The Chromatogram No., II showed the distinet separation
of arginine and lysine and the distance in between were wider., The
distance between leucine and isoleucine were negligible. Between
phenylalanine and leucine comparatively narrow separation was
observed. _

The solvent re-development technique of Pasieka and
Logan (1966) was thus verified and found to be more effective, The
results indicated for its rurt%grlﬁagg]}gation in the subsequent

B \F

analysis. N el B )

I
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Preparation of standard curve ]

Buring the preparation of standard curves all the prode-

dures, as detailed in the chapter materials and methods,
scruplously followed.

introduced,
aﬁds.

were
%olvent re-development technique was, howev

for it was found to provide better separations of amin

A standard amino acid solution for lysine was taken and
an aliquot of 2, 4, 6, 8 10, 12, 16, and 20 miero litres were
applied on whatman chromatographic filter paper, one after another,
Duplicate applications of these quantities were also spotted on
separate sheet of paper. Utmost care was taken while appliceation

of the different volumes of the solution. The chromatograms were

|
|

developed with Partridge's solvent, for 20 hours and then re-develo-
ped after 16 hours of drying in between the two solvent stages,
Colour development with 0.5% ninhydrin in 956% acetone provided
regular, uniform, ninhydrin spots. The ninhydrin spots were then
cut and eluted. Optical density measurements of the elutriates were
made and the colorimetric readings were recorded. The valuasg «f
different elutriates obtained from the second chromatogram were
also noted. Ultimately, the aversge values were ealculated. These
were plotted on the zraph paper against the corresponding quantities
of amino acid applied initially, on the chromatographic paper. A
straight line was drawn which consequently, provided the standard
eurve. It wss observed that aliquotswhich had more quantity of ‘
amino acid during application on the paper, provided bigger spots.

Same procedures were repeated in case of arginine, 1lsucine
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containing isoleucine and phenylalanine. The three standard eurves
thus obtained were used for reference during estimations of amino
acids in muscle hydrolysates.

The standard curve for lysine, arginine and leucine -
isolaicing =~ phenylalanine have been represented graphieally in
figure 1y, 2, and 3 respectively,

Determination of optimum concentration of hydrolysate
for use in the chromatographie work:

Barlier experience pointed to the necessity of keeping
the volume of applications on chromatographic paper to a minimum
while containing the optimum amount of amino aecids. Therefore, for
rest of the analytical work, with muscle hydrolysates, an aliquot

of 10 micro litres were taken, on every occassion. During chromato-
graphic analysis optimum concentration of a mixture is essential
for better resolutions of different amino acids. And it was also
observed during the preparation of standard curves that there

existed a correlation between the amounts of au_l:l.no acids and the
corresponding sizes of ninhydrin spots. As a consequmce,particulaﬂ
attention was devoted to the determmination of their optimum concen-

tration in the hydrolysates for analytical purpose.

Three hydrolysates were prepared from dehydrated, ether
extracted muscle of hen, weighing exactly 100 mg. The hydrolysates
were dissolved in 1 ml., 2 ml. and & ml. of ;.05 isopropanol in
water. Transferred the contents in the respective clean and dry
test tubes,marked as A.y B., and C. respectively. Test tube A.
contained 1 ml., B. 2 ml., and C. 5 ml. of the hydrolysates.
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An aliquot of 10 miero 1itre 'wgs taken from A. ang app]iJ

it on the chromatographic Paper. Dwplicate application for the

Same was also made. an application of 10 micro litre of reference

amino acid mixture yas spotted by the side of the duplicate., In

this order, the spots were made for rest of the hydrolysstes on

the same paper,

with fixed volume of 10 miero litre every time,
The chromatograms were Fe-run and colour developed. After colour
development, the chromatogram was put in the hanging position and
was examined through naked eyes for the resclutions of the amino
acids. As stated earlier, the spots formed from the aiiqnot of a
reference amino acid mixture were used, while identification of
resolved amino acids from the hydrolysates. Following were the
observations with the three hydrolysates :=

A. Lysine and az:grininea

Ninhydrin spots were bigger than other hydrolysates
but due to trailing, appeared not to be fully separated,
Leucine, isoleucine, and phenylalanines

A big, single spot was noticed without showing clear

regsolution,

B, _I_{sine and arginines

Ninhydrin spots were of medium size and they had regular

shapes. Trailing was absent,

ﬁeuc:lne and isoleucine agnd Phenylalanine:

Bach spot appeared separated but they were very close

to each other.
C. Separations were clear.The presence of irregular spots

(dif?hsed spots) were noticed,

Page No ol
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After such @Xamination, the different ninhydrin spots

for 1ysine and arginine, falling on the line formed by aliquots of|

B. and C. were cut, and kept in separate labeled test tubes, Same
was repeated for leucine, isoleucine and phenylalanine spots but
they were taken together snd kept in test tubes alloted for them,
Though the separations were incomplete, in Aliguot A., yet one of
the ninhydrin spots for lysine from it was cut (c_m approximation
of the size of it) and placed in a test tube for elution., RMutions
were done in the manmner as described earlier. Optical density
measuremant of the elutriates were made in Klett-Summersen colori-
meter with green filter (540 mm ). The values of the estimated
amino acids are tabulated below :- '

Different concentrationg of amino aecids in
muscle hydrolysates

of hen,
§ ! | |
Hydrolysates % Obsewationsi Lysine 3Argin1ne%{.;:gﬂ:,;g::
| e AR
5 4 esggntxated. £ X
I1 - - -
B. I 4,346 3,454 7,202
II 4.492 3.328 6.905
c. I 1.461  0.928 2.96
II 1.369  1.262 2,696
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On the perusal of the above table it will be obgerved

that for B, the estimated Values of lysine and arginine are in

close agreement between the duplicates. For leucine, isoleucine,

and phenylalanine, some Variability is noticed. The values obtained

for the hydrolysate L some variations are seen in 311 the obser-
vations,

Taking into consideration the results of visual exami-
nation and the estimated values, it wvas finally concluded that
when the hydrolysate is dissolved in 2 ml. of 10% isopropanol,
optimum concentration in 10 micro litres could be obtained, There-
fore, for further estimations, this volume of isopropanol 107 was

used while preparing the hydrolysates for spotting.

Tests for Recovery :

According to Oleott (1951), one of the unresoclved
problems in the analytical chemistry of proteins, econcerns the
extent of destruction of amino acids during the hydrolytic prode-
dure. He further observed that the interaction of amino aecids upon
each other, during hydrolysis had not been appreciasted so far.
Keeping these in view it was thought to proceed with a test for
the recovery of added lysine in dehydrated, ether-extracted musecle,

In two separate test tubes 100 mg. of the dehydrated,
ether-extracted muscle were taken. In test tube B, 1 ml., of stan-
dard solution for lysine was added. Therefore test tube B contalned
the muscle sample plus 1.826 mg. of added lysine. In both the test
tubes 10 ml. of 6 N HCl. was then added and hydrolysed them under
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reflux. Both the hydrolysates were tsken in 2 ml., of the 107
1sopr0péxlol. An aliquot of 10 micro litre was taken from test tube
A (without added amino acid) and applied on the chromatographie
paper in duplicate., 3ame volume of the hydrolysate was taken from
test tube B (containing added amino acid) with a separate pipette
and applied on the paper in duplicate. Spots from reference amino
acid solution, were also made after each duplicate applications.
It was then chromatographed. After drying it, colour developing
was done with ninhydrin as deseribed earlier. The ninhydrin spots
were cut and eluted and estimatlions were made for lysine. Results

obtained are given below i~

TABLE - 4.4

Table showing the recovery of lysine.

¢
Particulars g Amount of lysine.
Amount of amino acid in test tube 'A’. 8.84 mg.
Amount of amino acid added. 1.826 nmg.
. Amount of lysine recovered from 'B'. 10. 55 mg.
Percantage of recovery. 03,647

The results of recovery test indicate the possibility
of obtaining reliable results from the hydrolysates.

gince, Schein and Berg (1946) observed that basie amino
acids were quite stable under the conditions for complete hydrolys

s
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of protein by acids, i1t was concluded that the loss of added amino
acid (lysine) might be due to experimental errors. This vieyw
recaives support from the work of Block snd Zweig (1988)., They
agreed that the elution technique when adopted during chromatogra-

phic work, for substances which were clearly separated, an accuracy
of the procedure may be better than s+ 5%

Sstimation of amino acids in muscles of hen, goat and buffalos

The procedures adopted for preparation of hydrolysates
have been already described in the chapter " Materials and Methods"JJ

Obtained dehydrated, ether-extracted breast musecle
samples of 3 laying hens and prepared the hydrolysates. Rach hydro-
lysate was dissolved in exactly 2 ml. of 104 isopropanol in water |
and finally transferred them to the respective clean and dry test
tubes. The test tubes were then stoppered and shifted to the labo-

ratory meant for chromatography.

A sheet of chromatographic filter paper was taken ocut

from the packet and put on the table with care so that it laid
traught over the glass plate. Bight pencil dots were made on a line
& cms. away the narrow edge. 10 micro litres of the aliquot from
each hydrolysate was applied in duplicate. Care was also taken to
spot 10 micro litres of the reference amino acid solution after
the first and second duplicate spots., After re-developing and colour
developing the chromatogram, it was put for removing the ninhydrin
spots. With the aid of the ninhydrin spots of the respective amino
acids obtained as a result of the resolution of the reference amino

acid mixture, and the same amino acids in the hydrolysate were
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identified. The spots for leucine,
cut together,

tdyo After

isoleucine and phenylalanine
but spots for lysine and arginine were taken gepara-
elution, each eluate was measured for its optieal

density in Klett-summerson photoelectric colorimeter using green
filter (540 mpu).

Thus duplicate readings for lysine and arginine were
obtained for each hydrolysate. For leucine, isoleucine and pheny-
lalanine, the values indiecated cumulative figures. The readings
were then raferred to the respective standard curves and the quan=-
tities of the amino acids were thus known. The average values for

the particular amino acid was thus obtained and expressed in diffi-

rent standard forms by ealculations.

For illustration, the actual duplicate readings and
calecul 2tions made for ascertaining the content in 2 ml. of hydro-
lysate are indicated in Table 4.5 below, in respect of lysine,

T ABLE - 4.5

Table showing the details of calculation for ascertaining
lysine content in 2 ml. of muscle hydrolysate.

5 g 1 ¥ 1 ]
Volume § §Colori-§Amount ob- iwWeightiaverage ITotal lysine
used forj Muatelmetric jtained on ¥ in  §(micro [in 2 ml, of
spotting§ §readingreference Jmicro §gram) fhydrolysate
(micro i jto standardfigram. § § ( mg. )
litres) ; g curve (in { ! =
micro
§ ] fmoles). E ] ¥
i ] § i i
. . 43,8
10 I 235 0.236 P
10 II 2456 0. 246 44,91 1000
= 8.798 mgo
— s
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Same procedures were adopted to estimate lysine,

arginine and leucine, isoleucine, phenylalanine in hydrolysates

prepared from the muscles of goat and buffalo.

Bstimated values of lysine, arginine and leucine,

isoleucine, and phenylalsnine are being presented in Table 4.6.

The results of proximate analysis are also being incorporated in
the same table.
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MOISTURE AND DRY MATTER IN MUSCL® TI33UR:

Measurement of the t'otal body water is useful for its
own sake but it also has ithen advantage that it may be used to
estimate the other components of the body. The other components
in nutrition, are termed as "dry matters". 3ince, there is varia-
bi-lit.y in the water-fraction of a body, a measure of the moisture
percentage gives the idea of the presence of the dry matter. an

embryo possesses this fraction at the maximum, During different
stages of growth, it gradually decreases to the extent, that at
maturity, appears toﬁindi_cate a constant percentage of it. Gruhn
and mké ‘( 1966) .qbserved the increase in dry matter 23,7 to 31.0
per cent of fresh éut in chickens from day old to 12 weeks of 'age.

Maynard and Loosli (1966) impressed that there exists
variations in waterefor their quantitative distribution in the bod:)n
Such variation is found less in degree, in muscle, as it remains
within the range of 72 to 78 per cent, Ratio of body water to

Nitrogen under different feeding conditions remains constant, as

observed in chickens. Summers and Fisher (1961), however noted a
deviation of this ratio on protein depletion. The findings of
Holler and Hill (1962) in pigs related to the increase in moisture
with simultanecus, decrcase in protein content, when the animals

were depleted of proteln.

In the present investigation, Table 4.6 shows the esti-
mated values for the percentage of moisture, in case of hen, gost
and buffalo, within the range i.e. 72 %o 74%, 72 to 73% and 73 to
76% respectively. The range of variastion, ss witnessed in table,
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points to the fact that the active growth stage was passed by all
the anima].So

FAT CONTRNT IN DRY MATTZR OF MU3CLE:

" factor but the composition of the body on fat free basis seems to

Lipides occur as essential constituents in every cell

in the body., While depot fat serves primarily as a source of energ
and as a non-conducting layer under the skin. There are variation
in fatty acid distribution in different species. Variations in th
fat depot according to their locaticns in the body of an animal,
are also found. Deposits of fat are also seen between the muscle
fibres and such characteristic feature has been termed as "marbling!

Further, the amount of fat in the earcass is the most variable

be constant.

Albritton (19585) presented the following standard values
for fat content, present in diffarant_ cuts of various species,with
medium fat s~

Beef (a) Chick - 16 gm./100 gm. of edible portion,

(b) Flank =~ 18 gm./100 gm. of edible portion,

Lamb (1) Leg roast - 17.5 gm./100 gm, ,, 99 99

('i:l.) ghoulder roast =26 gm./100 gm.,, 99 99
Pork - Ham - 31 8m./100 8 455 99 g9 99
Chicken - Roaster - 12,6 gm./100 gm. 1. 9y 9y

gince, a cut taken as a whole, contains an abundant
extramuscular fat, the figures quoted above do not refleect the
axact amounts present in muscle tissues. However, they indicate

the probable quantities of fat which remain in the musecle tissues.




/

Table 4.6 shows the everage percentage of fat in the
form of ether-extract in goat 18.67% and in buffalo 13.927,These
Values indicate the presence of constant amount of fat in the

longissimus dorsi muscles of both the species. Whereas,
E© percentage 1. e.

the avera-
9.75% ether extract for poultry distinetly

point to the fact that breast muscle in birds contain lesser
quantity of it.,

Lewis (1966) pointed to the marked aversion of the
modern consumer to fat. He emphasized that such an attitude can
encourage increasingly for the production of poor quality of mest

so far as flavour and tenderness of the lean components are

concerned.

The lower fat contervtipoultry meat as found in this
investigation, may be one of the causes of preference of poul try

meat by many people.

TOTAL NITROGEN AND CRUDE PROTEIN IN ETHER SXTRACTED MUSCL s

Magadh University M, Se. (A. H.) Thesis, 1969

From Table 4.6 1t appears th-t the estimated values of
total nitrogen in dehydrated ether-extracted muscles of hens, are
relatively high as compared to goats and buffaloes. The data indi-
cate inverse relationships between nitrogen content and fat for
each of the observations. Howsver, such a trend is absent between
fat and moisture., The nearly constant ratios between moisture and
nitrogen in all the species point to the fact that the animsls
appear to be in optimum protein nutrition, as suggested by Holler
and Hill (1962), Summers end Fisher (1961). Estimated total nitro-
gen for goats and buffaloes of 13.96% and 14.20%of ether extractkfr

&9,
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muscle when calculated to fat free basis, are similar to those

obtained by Lawrie (1961) in Friesian bulls and by Gruhn (1965)
in pigs.

The content of crude protein of 92,8%% of dehydrated

ether extracted muscles of hen suggests that poultry meat is a

®icher source of animal protein. Duncan's Summary (1962) relates
to the fact, "The total protein of Chicken breast meat is consi-
dered to contain a higher proportion of first elass protein than
other meats except some pork. Its high total protein and low fat
content are considered to make it an ideal food for invalids™,

Percentage of crude proteins for goats and buffaloes on the same

basis are 87.25% and 88.75% respectively which show thst they also
contain abundant protein,

The N.P.N, fraction, (not estimated in the present worle
in meat 1s subject to variation, and that the value ranges from
10 to 14%. Lawrie (1961) reported 0.40% of N.,P.N, in fresh longi-
ssimus dorsi muscle of beef animal when the total Mitrogen was
3.39% of the muscle. The cumulative figures for amino acid nitrogeh
for 16 amino acids in pork and lamb cuts were presented by
Schweigert et al. (1949) as 84.9 and 85,1 per cent of total nitro-
gen, respectively. The balance amount regarded by them was non-
protein-nitrogen. Similar findings by Greenwood et al. (1951) were
noted in different cuts of beef, Eighteen amino acids showed 88%
of total nitrogen present in the different cuts. In case of Jersey
and PFriesian cows, this value has been found to be 90% of the tota]
nitrogen by Bigwood (196€0).

The amounts of ether extract and crude protein present

Page NOQD..
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in fresh muscle of hen, goat and buffalo were calculated from the
estimated values. The basgis of calculation is given belows-

Since 100 gm. of D.M. of the muscles of hen contained
9.75 gm. of Ether uxtract,

Therefore, 27.01 gm. of D.M. of the muscles of hen con-

tained 9-'-7-?:6%--9-1 = 2,63 g. Bther Extract, $ 100 gms. of fresh
mqsc].e tissue contained 24.38 gm. of Bther Extracted D.M,

Since 100 gm. of Ether Extracted D.M. of musele of hen
contained 92,87 gm. Crude protein.

Therefore, 24.38 g. of Bther Bxtracted D.M, contained

22,87X24,38 _
200 = 22.64 gm. of Crude Protein,

TABLE'Q-?

Table showing moisture, dry matter, fat and crude protein
per 100 gm. of fresh muscle tissue from Hen,
Goat and Buffalo.

1 | 3 ¥
Species {§Moisturel Dry J§ Gther Extract* [ Crude protein*
§ (gm.) Jmattery ( gm. ) § ( gm )
| (sm-)g §
§ §
Hen, 72.98 27.01 2.63 22,64
Goat. 73.09 26,90 4,21 19.80
Buffalo. 74,52 25,48 3.85 19.45

* Calculated values.




Magadh University M, Se. (A. H.) Thasis, 1969

The ealeulated Values as seen in Table 4.'? are found
to be similar with the estimated Values of beef cuts and lamb cuts

&S presented in tables of standard values by Albritton (1955) and
Wohl and Good hart (1960).

T ABLE - 4,8

Table showing average percentage composition of
miscle of hen, goat and buffalo.

§ § §
Description ¢ Poultry Goat Buffalo

] Average { Average ! Average
Moi sture. 72,98 &+ 1.32 73.09 ¢+ 0.35 74.52 4 0.79
Dry matter. 2?.01 . 5 2098 %090 5 0035 25.48 . . 1.91
Ether Extract 9.75 4 0.15 15.67 &+ 0,79 13.92 &+ 0.52
(m DOHO) !
Total Hitrogen. 14.86 4+ 0.09 13,96 4+ 0.11 14.20 4+ 0,05
(din Sther

Extracted D.M.)

 AMINO ACIDS IN MUSCLES OF POULTRY, GOAT AND BUFFALO:s

Stein (1946) emphasized the necessity of having availa-
ble two kinds of amino acid analytical techniques, "primary standar

and "routine". Primary method need not necessarily be a convmith

or rapid method, nor adaptable to handling of small quantities of
protein. Olcott (1951) pointed to "isotope dilution method" which
closely approached to the criteria of primary standards. The rest

of the methods classified as routine may have some inherent
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eXperimental errors, Most of the estimated values for amino acids

were obtained from microbiologieal assay,

which too have certain
limitations vi Z.

changes in nicro-organisms, synthetie potentiali-
tles of the Organisms, presence of inhibitors in the hydrolysates.
Bstimated values fop amino acids obtained by

microbiological asgsay
have been Usually taken

48 standard for comparison of the values
obtained by ¢ther methods.

(1) LYSINE:

On perusal of Table 4.6 it is observed that the estima-
ted values of 1ysine calculated to 16 g. Nitrogen of dehydrat ody
ether extracted muscles are similar in three hens. The values are
9.37 8.y 8.85 g, and 8.65 g. A slightly higher value is, howev er,
noticed for one of the hens which may be due to greater amount of
protein present in the muscle.

The estimated lysine content, cslculated to 16 g. N.of
dehydrated, ether extracted muscle in goats are 8.57 By 8.64 g.,
8.32 g. and for buffaloes 8.61 g., 8.14 g. and 8.25 g8.respectively
These values show that there is similarity in the amount of lysine

as ’prascnt in the longissimus dorsi muscles of different goats

and buffaloes. The average values for goats and buffaloes are

8.51 g. and 8.33 g. wvhich indicate the marked similarity between

these species.

No data have been available for lysine content of goat
and buffalo muscle,as also that of laying hens. The estimated
values of lysine in goat and buffalo obtained during the present
work are also similar with the estimated vaelues, as reported by
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- Greenwood et 5.

(1961) in beef cuts ana Schweigert ot al. (1949)
in lamb ang pork cuts,

The result or statistical analysis of lysine content

in poultry, goat, buffalo are shown in Table 4.10. However, a

table showing the average quantity of amino aecids estimated during

the present study along with thelr standard errors are also being
presented in Table 4.9.

T ABLERE -~ 4.9

Table show:lx_lg the average quantity of amino secids
(grams) present in musclie of hten, ‘goat and

buffalo.

73 | ~ 1 Leueine, Isolaicine

Species i—uaa‘-ns__l_am_q__J_aan_mmaMy_._e
Average { Average ] Average,

R [ i
Hen. £.95 e 0.2 6.49 - o 0.23 15.41 4 0.1
Goat. 8051 . 0.1 6.24 & 0018 15.40 =3 0.08
Buffalo. 8.33 + 0.14 6.02 4+ 0.04 15.26 4 0.3

B E =~

Analysis of variance table for lysine.

§ i § i
Source of variation{ D, F. g 3 S ; M. 3. ; F.
Between species. 2 0.16 0.08  1.14 N. 8.
within specles 6 0.42 0.07
( error).
Totals= 8 0. 58
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Inferencei~ Since the caloulated value of F is less than table
Vvalue at ny = 2 and ng = @, it 1s concluded that

the result is non-significant. As 'F' value is non-
significant,it reveals that the three speices (hen,
goat and buffalo) do not differ significantly with
respect to lysine content of muscle.

(11) ARGININB s

The estimated values of arginine calculated to 16 g.
Nitrogen of dehydrated, ether extracted muscle tissue of hens are
714 goy 6.56 goy 6.37 goy For goats the values were 6.60 g., 6,04
8¢9 6,10 g. and for buffaloes 6.07 g., 6.02 g. and 5.98 g. There
is no marked variation in different hens, so alsc with goats and
buffaloes. The average values for hens, goats and buffaloes are
6.49 8.y 6.24 g.y and 6.02 g. respectively. No data have been ava-
ilable for arginine content of goat and buffalo muscle, as also,
that of laying hens. The estimated values for goats and buffaloes
are also similar to the values as reported by Greenwood et al.
(1951) for beef cuts and Schweight et gl. (1949) for pork and lamb

cut.

The results of statistical anslysis in Table 4.11 as
given below show non-signi % esnt difference between hen, goat and

buffalo with respect to arginine.

TABLE-40L1

Analysis of variance table for arginine.

Source of variationj D.F. § 8. 3. j M. S ] F.

B.twm 'p.ci.s- - 2 Os 26 0. 125 1044 N. -
Within species 6 0.82 0.087
( error).
Totﬂl = 8 0.77
98,
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(111) LEICINE, ISOLEUCINE Anp PHENYL AL ANIN®s

It has been already stated earlier that due to practi-

cal considerations these three amino acids were estimated together.

Therefore, the estimated values in Table 4.6 for leucine, is0leuch

and phenylalanine indicate cumulative amounts of these amino acids.

On perusal of Table 4.6 it is seen that titm hens con-
tain 16,27 g., 15.78 g. and 15.20 g. in 16 g. Nitrogen of dehydra=-
ted, ether-extracted muscle. The avarag'e value for the species is
15.41 g. In the case of goats and buffaloes the estimated values
are 15.33 g., 15.% g., 15.32 8. and 15.63 g., 15.53 g., 14.66 .9
indicating an averasge of 15.40 8. and 15.26 g. respectively,

The estimated values in hens, goats and buffaloes, on
statistical analysis do not show any significant variation between
the species. The table of statistical analysis is presented below:-

I ABLE - 4,12

Table showing analysis of variance for
Leucine, Isoleucine and phenylalanine,

] N § ¥
Sourece of variation iD. F, ‘[ 5. 3. g M. 8. g P
Between species, 2 0,18 0,09 0.94 N, 8,
Within gpecies 6 0.5 0.0095
( error).

--"ﬁ__

Total :-
8 0.85
T = ,--:"/’//(j ’ Page No.' ........
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(i11) LEUCINE, ISOLEUCINE AND PHENYLALANINZ:

It has been already stated earlier that due to practi-

cal considerations these three amino acids were estimated together.
Therefore, the estimated values in Table 4.6 for leucine, isoleuchd
and phenylalanine indicate cumulative amounts of these amino acids.

On perusal of Table 4.6 it is seen that tirm hens con-
tain 15,27 g., 15.78 g. and 15.20 g. in 16 g. Nitrogen of dehydra-
ted, ether-extracted muscle. The averag'e value for the species ig
15.41 g. In the case of goats and buffaloes the estimated values
are 15.33 g.y 15.86 g., 16.32 g. and 15.63 ge9 15.53 g., 14.66 g,,
indicating an average of 15.40 g, and 15.26 8. Tresgpectively,

The estimated values in hens, goats and buffaloes, on
statistical analysis do not show any significant variation between
the species. The table of statistical analysis is presented below:-

TABLE"4.E

Table showing analysis of variance for
Leucine, Isoleucine and phenylalanine,

BT s

¥ B
30111'30 Of Val'iation l Do Fo g S 8. g Mo Sq g Fo
Between species. 2 0.18 0,09 0.94 N. 3.
Within species 6 0. 57 0.095
( error).
Total - 8 0.85
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No data have been available for leucine, isoleucine
and phenylalanine content of goat and buffalo muscle, as slso that
of laying hens. The estimated values for these amino acids are,
however, 184 lower than the total estimated values, ohbserved by
Greenwood et ga]. (1961) in beef cut and Schweigert et al. (1949)
in lamb and pork cuts. The probable cause of such lower result may

to due to different experimental procedures adopted in two cases.

COMPARATIVE DAT A:

Bigwood (1960) reported that there was no variation in
the amino acid content in the shoulder and leg muscles in beef
animals., His findings along with the observations of Schweigert
&t al. (1949) affirm that there is no variation in the amino acid

content in different muscles.

Williamgand Co-workers (1954) observed that the amino
acid composition is similar for all species. Brieson (1961) also
agree that different species do not differ in amino acid compo si-
tion. In the present study, it has been observed that the muscles
of three species, i.e. poultry, goat and buffalo do not differ in
apino acld composition with reference to lysine, arginine and also
leucine, iscleucine and phenylalanine. The average estimated valuﬁh

of these amino acids from different species have been plotted in
Figure IV.
The estimated values of lysing, arginine and total of

leaucine, isocleucine and phenylalanine from the muscle tissues of

hen,goat and buffalo summarised in Table 4.13 have besn calculat
on the basis of the different accepted forms.
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Albritton (1985) presented the standard values of amino
acid composition of certain other protein foods. Lysine content
for casein, egg allumin, and wheat gluten in his table are 50.6 me,
45,0 mg., 12.6 mg. per 100 mg. Hitrogen respectively. The estimated
Values in the present study for hen, goat and buffalo are 55,85 g.,
53.22 g. and 52.04 g. per 100 g. Nitrogen in dehydrated, ether-
extracted muscle. A study on the values, point to the characteris-
tic festure that wheat gluten is the poorest source, whereas,
easein and egg albumin are at par with musele,with regard to lys:lnéf
content. The arginine content for those proteins in his table are
24.4 mg., 37.4 mg. and 23.0 mg. per 100 mg. Nitrogen, respectively
The estimated values in the present work are 41.85 g., 39.40 8oy
and 37.67 g. per 100 g. Nitrogen in dehydrated, ether-extracted
muscles of hen, goat and buffalo, respectively. Comparing the estif
mated values with Albritton's values, it would appear that muscle
contains more arginine than casein and wheat gluten but more or
less similar to that in egz albumin.

Bose et al. (1958) reported arginine, lysine, leucine,
isoleucine and phenylalanine content of fighes of Bay of Bengal.
They represented the values,on the basis of amino acid content in
gms., of Nitrogen per 100 gms. of fat free dried tissue. The values
for these amino acids were higher in fishes than the estimated
values obtained during the present study.

williams et al. (1954) estimate? the aminc acid conten
of rat, chick and pig carcasses at different stages of growth.The

concluded that not only the pattern of amino acid composition are
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‘ of p!‘ot.in.

comparable within each species but also remarkably similar. Seott
(1980) observed that there was little sex difference in turkoy
toms and turkey hens in the amino acid ecomposition and percentage

Price ot al. (1953) reported that there was marked

| similarity in the patterns of the essential amino acids in total
~protein of the chick carcasses. Holmes et al. (1963) observed that
amino acid composition of broiler cockrels was constant. Their

observations are presented below (Table 4.14) along with the results
obtained in the present work.

TABLE - 4.14

Comparative values of lysine, arginine,leucine,isoleucine,
phenylalanine content of chickens at different
stages of growth.

§ T -
me.fmmxfamT Estimated
Amnino Acid §Day old* {Week old#* §4-5 week*+*]10 week* Jvalues in
fgm./16 gm.§(Amino acidjold (aminojold thenke«s
§ HNitro- {content facid con- §gm./16 gm, §gm./16 gm,
{ gen. fecalculated ftent cal- {Nitrogen. {Nitrogen.
§ i 169 N culated tof |
§ § 164 N. ¥ i
i { 1 | g
Lysine. 7.78 6.8 6.4 7.25 8.956
Arginine. 6.69 6.6 6.7 6.63 6.49
Leucine. 7.07 7.3 7.1 6.50;
Isoleucine. 4,17 4,2 4.5 4.29% 15.41
Phenylalanine, 4,39 4.4 4.1 3,781

* The values are from the work of Williams gt gl.(1954).

#+ The values are from the work of Price (Jr.) et gl. (1983).
=## The values obtained during the present work.
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B

On comparing the aifferent values in Table 4,14, it is
observed that the estimated value of arginine is similar to the
Values obtained by other workers. The total estimated value of
leucine, 1soleucine ang phenylalanine in hen,also closely tallies
with the cumulative Values for these amino acids present at diffe-
rent stages of growth. The estimated value for lysine in the
present work is somewhat higher than in both day old and 10 weeks
014 chicks obtained by Williams ot gl. (1954). The reason for this
higher value is not forthcoming. whether this higher value 1g
agsoclated with maturity is worth investigating, more so, because

of similar higher values obtained both with adult goat and buffalo,

sk
iR
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tn comparing the different values in Table 4.14, it is
observed that the estimated value of arginine is similar to the

values obtained by other workers. The total estimated value of
leucine, isoleucine and phenylalanine in hen,also closely tallies
vith the cumulative values for these amino acids present at 4iffe-
rant stages of growth. The estimated value for lysine in the
present work is somewhat higher than in both day old and 10 weeks
0ld chicks obtained by Williams et gl. (1954). The reason for this
higher value is not forthcoming. wWhether thia higher value is
assoclated with maturity is worth investigating, more so, because
of similar higher values obtained both with adult goat and buffalo.
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. A The method of Block and zweig (1988) was adopted with

and thelr optical density determined in photoelectric colorimeter.

4 J MM ARY

1. Qantitative determinations of lysine, arginine,leucine,

isoleucine and phenylalanine (all belonging to essential group)
were done by paper chromatographic technique.

some modifications.

3. Partridge's solvent containing n-butanol : acetic acid:
water in the proportions of 40 : 10 : 50 were prepared. Upper layer
of the mixture was used as a solvent and lower layer was being
kept in the chromatographie cabinet, for saturation of the chamber
with solvent vapour.

4, One dimensional, descending chromatography was resorted
to. Solvent development was stopped after 20 - 22 hours, when the

solvent front moved a distance of 40 - 42 cms,

5. The chromatogram was developed with 0.5% ninhydrin in

95£ acetone,

6, Noticed the ninhydrin spots énd the colour was eluted

7 Rf. values of the amino acids under investigation were
deternined. Aliquots of 5 and 10 micro litres were taken from each
of the standard amino acid solution of lysine, arginine, leucine
containing isoleucine, and phenylalasnine containing 0.05 miero
mole and O.1 micro mole for each of the amino acids.

8. Resolution of the constituent amino acids from the
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mixture was studied and was found to be satisfactory for lysine

and arginine but ineffective with regards to leueine, isolencine

and phenylalanine, which however, were
lysine and arginine,

clearly differentiasted froj

Re-development technique was found to provid
better resolution of the amino acids.

9. 3tandard eurves for the individusl amino acld were

prepared with amounts of the acid ranging from 0.02 to 0,2 miero
mole of each.

10, The method of Block and 2Zweig (1958) was adopted for
the preparation of the hydrolysate from dehydrated, ether extracted
musele. To 100 mg. of sample 10 ml, of 6 N HClL was added and

hydrolysed under reflux for a period of 24 hours. For eoljeetion
of samples, breast muscle was selected in case of hen and longi-

ssimus dorsi in ecase of goat and buffalo.

11. Muscle hydrolysate when dissolved in 2 ml., of 104

isopropanol snd an aliquot of 10 micro litres when applied,providad
better resolution of amino geids.

12, Recovery test with lysine added to the muscle hydroly-
sate came to sbove 934%.

33 Three samples of muscle protein hydrolysate were pre-
pared from each of hen, goat and buffale and chromstographed in
dupl.‘lcate.

14. The average lysine content in 16 g, Nitrogen of dehy-
drated, ether extracted muscle, were £.95 g., 8.51 g., and £8.33 g.
for hen, goat and buffalo, respectively. imilarly, the average

values of arginine were 6.49 g., 6.24 g. and 602 g. respectively.
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Total leucine, isoleucine and phenylalanine on an average, for
these species were 15.41 g., 15.40 g. and 15,26 g. respectively.

15. On proximate analysis, average percentage of moisture
in the muscles of hen, goat and buffalo were 72,98, 73,09, and
74.52 and the average dry matter per cent in the same muscles were
27.01, .90, and 25,48 respectively. The average percentage of
ether extract on dry matter basis were 9.75, 15.67 and 13.92 res-
pectively, for these species, Crude protein of ether extracted
muscle on an average, were 92.87%, &7.26%, and 88.75%, respectivael]

L E L 2
L2 L
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