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PREFACE

At its annual meeting at Nagpur in December 1935, the
Nutrition Advisory Committec of the Indian Council of Medical
Research recommended that one of its members (Dr V. Subrahmanyan)
thould prepare *a note sctting out all the information on protein-rich
foods not normally consumed but available in this country’. The
recommendation was accepted by the Advisory Board of the Council
and was conveyed to the concerned member for action. It was later
felt and decided that it would be useful to have comparative data for
all food materials, since this would make the review more comprehen-
sive and valuable not only to India but also to other parts of the world.

The area in which the literature lay was extensive and scattered.
The data available on the nutritive value and amino acid composition
of different proteins were indeed massive. That these were obtained
by divergent methods and that in many cases they were discordant
called for extra care in their collation. The amino acid composition
had been expressed differently by different workers, as for example,
from 100 g. protein as basis (16 g. nitrogen, the rational thing to do) to
100 g. food as basis or amino acid nitrogen as a percentage of total
nitrogen, ‘The amino acid values for all the proteins herein listed have
20w been expressed uniformly on the basis of 16 g. nitrogen by
recalculation of the values wherever necessary.

Under each class of foodstuff, a résumé of the more important
aspects is presented, out of the survey of the entire literature on the
subject. Tables are given under each chapter in two sections,
one on the nutritive value and the other on the essential amino
acid composition of the proteins in the foodstuffs arranged in
alphabetical order. This is followed by relevant bibli phy. Thus,in
the present compilation, an attempt has been made to bring under
one cover an extensive mass of scientific information assiduously
collected by workers in several countries. No effort has been spared
to make the collection as far as possible exhaustive, but it is likely
that there may be some inadvertent omissions for which the authors
ask to be forgiven.

tha tltrxl view of Eh% importance of proteins in nutrition, it is hoped
. at the °°“:°t°d information will be of value not only to the nutrition
cientist and the dietetician, but also ta the average citizen in enabling
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him to plan and practise his daily dietary. From this point of view,
some of the less familiar foods, on the basis of analytical and nutritional
data now available, deserve to be increasingly popularized and more
widely used.

The authors thank the members of the Nutrition Advisory
Committee of the Indian Council of Medical Research for helpful
suggestions. They have had the privilege of the critical appraisal of
the manuscript by Dr V. N. Patwardhan, M.Sc., Ph.D., F.N.L,
Director, Nutrition Research Laboratories, Coonoor. Thanks are also
due to Shri N. Chandrasekhara for technical help and to Shri K. A,
Korula, Manager, Wesley Press, Mysore, for his co-operation.
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INTRODUCTION

PROTEINS are lmpomm constituents of both plant and animal cells
and protoplasm in general. There is no known life process without
them. thle plants synthesize proteins for their needs from simple

and pounds as are present in the soil and
air, animals have to depend on ready-made proteins and their inter-
mediates or breakdown products, as elaborated by other forms of life,
for the synthesis and maintenance of their tissues; hence the importance
of proteins in the diets of all animals including man.

Wide variations have been reported not only inthe protein content
of the dietaries of the people in different countries, but also in the
ratio of animal protein to total protein in the diet. In economically
advanced countries, the average intake of protein is generous and the
proteins of animal origin make up nearly half the total protein. In the
under-developed countries, both the total protein intake and the
Pproportion of animal protein are very much lower. Diet surveys carried
out in India have shown that the bulk of the food in Indian dietaries
is formed by cereals, which supply about 8o per cent of the total
energy and are the major source of dietary proteins.*

Left to themselvcs, people take food according to their hkes,
although, intuitively, it might form to rational d
Often it falls helow these standards, because, protein-rich foods like milk,
meat and  eggs are not normally within the reach of the common man,

pecially in the und loped countries where they are produced in
insufficient quantities. Hence, he eats what best is available to him
from the point of view of palate and appeasement of hunger. The
question arises, then, whether he can be helped to a better nutritional
status by placing before him all available knowledge on the protein
content and protein quality of various food materials produced in his
locality, so that he can intelligently select from among them the best
possible balanced dietwithout much additional cost to the family budget.

Assessment of nutritive value: It was only towards the close of
the last century that it was realized that the proteins in different foods
have different nutritive values, Of the two methods commonly em-
ployed for the assessment of the nutritive value of dietary proteins,
namely, the nitrogen balance method and the rat growth method, the
former p the of furnishing i ion both on the
blolnglcal value and the dxgatxbxlxty The rat growth method is easier
to carry out and, for this reason, has been more wldelyused by workers
in the field. The data on the nutritive value of proteins presented in
this review relate mostly to the biological values and coefficients of

* Patwardhan, V. N. Indian J. med. Ser., 10, 1 (1956).
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in tryptophan, the risk of tryptophan deficiency would be far greater
than if the protein ins only mod of these two amino
acids.

Amino acid availability: In zitro digestion studies with pro-
teins indicate that amino acids are liberated from different proteins at
different rates characteristic of the amino acid or its linkage or sequence
in the protein. It is well to remember that incomplete digestion and
ahsorption may make a difference in the effective amino acid composition
of a dictary protein. As for biological availability, all essential amino
acids have been reported to be completely available from certain
proteins, such as roast beef protein, while wide variations occur in
their availability from certain others, such as cottonseed protein.

Absorption of the end products of digestion: The end
products of protein digestion necd not necessarily be amino acids; they
may also be larger molecules of the nature of peptides. In the
appraisal of the nutritive value of proteins, it would be proper to take
into account, besides the amino acid composition, the types of
peptides formed physiologically.

Time Factor: Maintenance, as well as growth, is dependent on
the simultaneous presence of all the essential amino acids in the break-
down products of protein digestion. This is demonstrated by the
fact that animals fed a basal diet in which the sole source of nitrogen
is an appropriate mixture of all the essential amino acids excepting
one which they receive as a delayed supplement, lose weight as rapidly
as the controls. Time differences in the gastro-intestinal enzymatic
liberation of amino acids would also be a factor in the effective utilization
of certain dietary proteins.

The practical significance of the time factor wis-d-vfs protein utili-
zation lies in the fact that a proper distribution of dietary protein, both
as regards quality and quantity, among the different meals is desirable
from the point of view of optimal nutrition.

Influence of processing on the nutritive value of proteins:
Certain classes of foodstuffs, especially some of the legumes, improve in
protein value as a result of heat-processing, either through inactivation
of trypsin inhibitors or through increase in the availability of certain
amino acids, particularly the sulphur-containing ones. Conversely,
processing also adversely affects the nutritive value of the proteins
present in certain other classes of foodstuffs, either by destroying or
altering certain amino acids or by altering the protein so that it becomes
resistant to the action of digestive enzymes or by retarding the rate of
release of individual essential amino acids in the intestinal tract.

Protein requirement: Optimum protein requirement isa subject

f’f much speculation and controversy. Although various national and

international organizations have put out tables of protein requirements
Y



digestibility determined by the nitrogen balance method and the
protein efficiency ratios (P.E.R.) determined by the rat growth method,
although in a few cases values for the ‘net protein utilization’ as deter-
mined by the carcass nitrogen method have also been included. So
far as the relative value of proteins in the nutrition of children and
infants is concerned, the protein efficiency ratios should provide a far
more reliable estimate in view of the fact that young growing animals
are used in their evaluation.

Amino acids in proteins: Although all amino acids are essential
for tissue formation and various body functions, only some of them—
the so-called essential amino acids—nceed to be provided from exogenous
supplies. In fact, the essential amino acids determine to a large extent
the nutritional quality of dietary proteins; consequently, in the assess-
ment of the nutritive value of proteins the amino acid make-up assumes
the highest importance. Knowledge of the essential amino acid make-
up, in addition to the amino acid requirements (data regarding which
have been collected by a number of workers), makes it possible for
proteins to be evaluated in terms of their ability to meet human require-
ments, The amino acid composition of the proteins in different
materials, determined by both the classical chemical methods as well
as the more recent microbiological and chromatographic methods,
have been presented in this review. :

Attempts have been made by different workers to predict the
nutritive value of dietary proteins from their ‘chemical scords’ as

puted from their essential amino acid composition. Although,
in a number of cases, the deviations of the predicted values from the
experimentally determined values are small, the agreement is still not
convincing.

The inter-relationships among certain amino acids and between
certain amino acids and vitamins are important. Cystine has a sparing
action on methionine, while tyrosine has a sparing action on phenylala-
nine. The requirements of tryptophan are enhanced when nicotinic
acid is not sufficient to meet the body’s needs. Vitamin B,, has a
sparing effect on both methionine and choline.

The amino acid composition of a protein by itself cannot, however,
give a complete picture of its nutritive value in view of such factors as
amino acid imbalance and amino acid availability.

Amino acid imbalance: The absence of any one essential
amino acid in a dietary protein produces negative nitrogen balance. I\Tot
only should a dietary protein contain adequate amounts of the e‘ssemx_a]
amino acids, but these must also be present, as far as possible, in
balanced proportions. For example, the requirements of tryptophan
are enhanced in the presence of large quantities of thr;conme a.nd
phenylalanine in the dietary pro%ein; therefore, if a protein cunt:?msl
unusually large amounts of threonine and phenylalanine, but is margina
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the result that the misture contains proteins of superior nutritive
value.

In actual practice, no single foodstuff is consumed exclusively as
the sole article of diet. There is nl“a)s some supplementation and,
generally, the risk of protein deficiency arises from the following direc-
tions (a) inadequacy of qu:muty (8) improper bal;mcmg, (¢} inefficiency
in utilization; and {d) y effects af If
the supplement is of the right type and is, in addition, in 2 concentmted
form and free from toxic factors, itable blends of bl
should be practically as good as animal proteins.

P

Survey of protein-rich materials: Thereis world-wide interest
in the survey of low-cost protein-rich foods with a view to finding ways
and means of improving the diets of vast populations suffering from
protein malnutrition. A large volume of data has accumulated on the
nutritive value and amino acid composition of the proteins in staple and
other foods in different parts of the world and on the supplementary
relationships among some of them.

The importance of the evaluation of the nutritive value of the
proteins in various little-known foods is being increasingly realized.
Some of these contain proteins of high biological value and their cultiva-
tion can be extended with profit to different parts of the world. The
potentialities of protein-rich materials, whick are not at present com-
monly used as human food, also need to be assessed. Examples of such
unconventional protein-rich foods are oilseed cakts, ccr&‘ll bran and
fish meal. These may not be by th Ives in a condi itabl
for human consumption; they will require purification and/or processing
by comparatively simple and inexpensive methods.

The present survey covers not only the unconventional and the
little-known foods, but also the common ones, because it is only by
comparison with the proteins of the latter that a useful appraisal of the
protein value of the former can be made. Specific analytical datx on
dietary proteins have been published dically and lie d in
the literature. The food tables that have been constructed in different
countries are only a partial help to the solution of the larger problem
of balanced protein nutrition. While the overall analyses given in
these conventional tables suffice to choose foods for providing sufficient

calories, vitamins and minerals, they are not sufﬁcienﬂy informative
on protein quality, which, so far as protein is concerned, is of paramount
importance. 'The purpose of this monograph is mainly to fill this g2p
and focus attention on the salient features of the proteins present in
different classes of foodstuffs.




and protein allowances, they have not been included in the present
review because of lack of unanimity in these values.

The requirement of dietary protein is determined to a large extent
by its quality; it is naturally greater in the case of proteins of low nutritive
value. On body weight basis, the requirement is also enhanced in the
case of infants and children and in times of physiological stress such as
pregnancy, lactation and convalescence.

1t has been reckoned that 10 to 14 per cent of the calories in the
diets of populations in economically advanced countries is contributed
by protein. The Committee on Nutrition of the British Medical
Association has ded that a protein allowance yielding 14 per
cent of the total calories is desirable for infants, children, adolescents,
and pregnant and nursing women, while an amount corresponding
to 11 per cent of the total calories should suffice for the needs of ordinaty
adults other than those engaged in heavy manual work. This level of
protein calories is not likely to be reached in diets based predominantly
on cereals and tubers, particularly the latter which aré consumed by
large sections of the population in certain under-developed regions.

Animal and vegetable proteins: Although the differences in
biological value for mai between vegetable and animal proteins
are not great, the growth promoting value (P.E.R.) of vegetable pro-
teins has heen reported, in most cases, to be less than half that of
animal proteins such as those present in eggs, milk, meat or fish.
‘Thus the dietary proteins of vegetable origin are not ideally suited to
meet the needs of the growing child. In under-developed countries,
infants, on weaning, are faced with a sudden change from a diet based
exclusively on human milk to one which is a prototype of the adplt
ration, practically devoid of any milk or other sources of animal protein.
‘This, in addition to the lack of sufficient calories in their food, leads
to widespread protein malnutrition in late infancy and early
childhood. .

The superiority of animal proteins over proteins of .vegetalee
origin is mainly due ta the presence of the essential amino acids
(esp ly methionine, tryptophan and lysine) in larger. amounts and
also in better balanced proportions. It is a moot point whether a
certain proportion of animal protein in the diet is indispensable for
optimal nutrition. Races which consume relatively large quantities of
milk, meat, fish and eggs are known to _be of bett.er physxque_ and
generally healthier than races which subsist largely, if not exclusively,
on foods of vegetable origin. It must, howev.er, be_ borne in m{nd t.hat
other factors, such as the intake of total protein, minerals and vitamins,
as well as climate and heredity are also to be reckoned with.
lationships: There is plentiful evidence in the

Supnl t

'y r - )
1iteratu;ertu shovw that two or more proteins of vegetable origin can be so
blended that their amino acid deficiencies are mutually made up, with



CHAPTER I
CEREALS

CereaLs are predominantly sources of carbohydrates and form the
staple diet of a large section of the world’s population as the main
supplier of calories. Some regions depend almost exclusively on any
one cereal while others use mixtures. Thus, wheat (Triticum aestivum)
contributes anything up to 5o per cent of the total calories depending
on the region™®. Rice {Oryza sativa) is the staple cereal consumed by
more than half the world's population and is the chief source of
calories in Asiatic diets.®> Protein, though proportionately low in
cereals, is still a very important factor in adjudging the overall nutritive
quality; this is of special significance in the case of com (Zea mays)
diets® © %, Availability of the proteins in certain cereals is an equally
important consideration’. In the case of coarse grains, as also those
from which the seed coat cannot be easily removed, the digestibility
of protein is of a low order®. It has been suggested that theiraccepta-
bility as human food can be enhanced by suitable processing®. Improve-
ment of the nutritive value of cereal proteins by supplementation with
the limiting amino acids™® or small amounts of foods containing high
quality protein™ has also been advocated.

Protein content: The protein content of cereals and cereal
bye-products has been presented in Tables I and IT and the list includes
quite a few unfamiliar cereals like Deccan grass grains'® (Pumicum
crus-galli var. frumentaceum), wild rice®® (Zizania aquatica), Rajkeera'®
(Amaranthus paniculatus), bamboo seeds'® (Bamb arundir )
Quinoa'®® (Chenopodium quinoa) and -Canihua¥® (Chenopodium
pallidiculae). Both the protein content and the protein quality in
different cereals are influenced by 2 number of factors, suchasthose
determined by genetics®™®®, environment® and variety*™. A hybrid
tetraploid sample of rice has recently been reported to contain as much
as 13.3 per cent protein®, By crop selection, a millet has been produced
in China which contains over 14 per cent protein instead of the usual
g per cent®.  On the other hand, the protein content of certain varieties
of ragi (Eleucine coracana) is as low as 3.5-4.0 per cent.?3t

Amino acid composition: The amino acid composition of the
proteins of rice™, wheat™ ™%, ragi® N, jowar™  (Sorghum
vulgare), barley® (Hordeum wulgare), omts™* (Avena sterilis),
corn™ % and of the products of their milling has been exhaustively
investigated (Table II). Rice®, wheat™ and corn™ proteins are ail
deficient in lysine, but evidence is conflicting as to whether oats
protein®™ © also is deficient in this amino acid. In addition, rice protein

7






Supplementary value: The suppl ion or enrict of
different cereals has been studied by a number of workers. Both
defatted corn germ™® ™ and wheat gern™™ effectively improve the
nutritive value of wheat flour; corn germ protein is, however, inferior
to wheat germ protein in its supplementary value to wheat proteins®.
Proteins of milled rice have been reported to possess a phenomenal
supplementary value to the proteins of milled wheat flour and milled
white corn meal®, Buckwheat (Fagopyrum esculentum) proteins
supplement the proteins of wheat, corn and ryc®. It has been shown

by human bolism studies that repl of part of the wheat in
poor vegetarian diets by batley, com, ragi or bajra (Pennisetum
typhoideum) brings about an impr in the overall biological value

of the proteins in the cereal mixturc®.

Fortification: Fomfimtmn of bread with lysinc® but not with
cystine®® increases the biological value of its proteins. The
of milled and processed milled rice are lmproved by the addition of
lysine, threonine and methionine and the proteins of enriched milled
hard wheat flour, by the addition of Iysine, threonine, valine
{and vitamin B,,)*.

Bye-Propucts

Important cereal bye-products are the germ, the polishings and
the bran. The isolation and utilisation of proteins from these sources
in human dietaries have considerable possibilities. The utilisation of
germ is li by ion with a iderable proportion
of highly unstable fat and that of bran and polishings, by the presence
of fair amounts of phytin and fibre.

Germ: Wheat germ represents L5 per cent by weight of the
whole wheat kernel and is an excepuonally valuable package of nutrients
ins of high biological value¥. Wheat germ, processed
by steam or with ethylene-dichloride vapour followed by steam, is highly
palatable with excellent baking and keeping qualities, in contrast to raw
wheat germ which develops off flavours during storage®®. Commercial
wheat germ has an average protein content of 29 per cent®. Wheat
germ has been successfully used in bread making and enhances its
nutritive value**®%, The high blologlcal value of wheat germ protein
is not impaired by such heat pr ing as is Y to3 make it suitabl
for huma.n consumptlm 2, Its pmtem efficiency ratio is less than that
of egg®, but is equal to that of skim milk powder and higher than
that of caseir®. The merits" ® and demerits® of wheat germ as a
food additive have been discussed.
Defatted com germ contains 21 per cent protein and is a valuable
protein food™. Corn germ protein also possesses a high nutritive
value®, but is slightly inferior to \\'heat germ protein®™ % At 10 per




is deficient in threonine*! and wheat pfotein, in valine®, while corn
protein is deficient in tryptophan®® 4 and also in threonine™ and methio-
nine®’, Comn gluten meal is reported to be deficient in arginine,
Iysine and tryptophan®s, The marked amino acid imbalance of zein i;
due to the presence of glutamic acid, leucine, alanine, proline and
phenylalanine in relatively large amountst®, i

The essential amino acids in several cooked and uncooked Mexican
cereal foods have been determined®”, The proteins of Quinoa and, to a
lesser extent, Canihua are well balanced with respect to all the essential
amino acids”’. ‘The proteins of Rajkeera have been found to contain a
high proportion of lysine by microbiological assay®, but this could
not be confirmed using the technique of chromatography*s.

Besides actual contents, availability of amino acids in wheat flour®
and zein® have also been studied. While the availability of all the
essential amino acids from wheat protein is relatively high, ranging from
92 per cent for threonine to g9 per cent for histidine®, the availability
of valine from zein is of a low order®.

Nutritive value: Complete data on the biological value of cereal
proteins in general™ and of wheat®™, com®* and rice®® proteins in
particular, are available (Table I). The relative nutritive values of
different cereal proteins have been compared™. Rice proteins possess
a far higher growth-promoting value than wheat proteins® * and also a
higher biological value than other cereal proteins®>.  While the proteins
of ‘Aman’ rice promote good growth in rats® and are highly digestible,*
the proteins of ‘Aus’ rice do not possess any growth-promoting value®
and their digestibility is also of a lower order™, As sources of dietary
proteins Quinoa'™'® and Canihua? deserve special mention because
the proteins of the former are reported to excel and those of the latter
to equal milk proteins in nutritive value, Acid hydrolysed zein, in
contrast to enzyme hydrolysed zein, promotes growth in rats®, Corn
of high protein content has been found to contain larger proportions
of zein and to be nutritionally poorer than corn of low protein

content™ ¢,

Processing: The effect of heat-pracessing on the nutritive value
of cereal proteins has been reviewed®. The deleterious effect of heat
on cereal proteins is very profound and this is an important considera-
tion in the manufacture of processed cereals like corn flakes™. Even
shredding has been noted to lower the nutritive value of wheat protein™,
Inactivation of Iysine during bread making has assumed considerable
practical importance™. The influence of certain treatments like
parching, beating and parboiling on the nutritive value of the proteins
in some cereals and millets has been investigated®™ ‘The effect
of polishing rice® ¢ ™ and milling wheat®™ 7™ and corn®® and ry %2
(Secale cereale) on the nutritive value of their proteins has also been

determined.



TABLE I

NUTRITIVE VALUE OF CEREAL PROTEINS

Rutritive Value
Protein [y o) of Coefficient, -
content : Biological | SFrioe qit| Protein
SOURCE Nxgs | feegme | BOOEC of tre o | efficiency
% o (A & £ ratio
3
Bejra o Cambu (Pm'm
U 9.6 10 18
B;:lum typhoidenm) 108 H 830 00 -
Bajram T 100 5 . :
B:}::m 10.7 10 ) . 14
Bamboo seeds {Bambuwoa
arondinaesaye T a0 10 744 | w01 20
5 [
Barley, whole (Hordetm 124 7 1.2
vulgarets H i 13
!
Batley, whole, ground™s .. s 10 &40 -
Barley, nhole, groundie .. 77.0 5.0
5 . 16
Batley, pearledw 92 3 o 1.7
Barley, meali’ .| 98 9 20
Buckheat from El Sal- s 21
ador (Pagopyrum  es- 92 7 21
culentum;s? o
|- 21
Buckuheat, whole from| g2 7 20
Wisconsin®? 8 .. . 20
Buckwheat, whole, groats®| 137 2 - - 23
Buckuheat, fine mealt’ ...| 49 4 . 3.0
Buckwheat four, from Wis-| 10 3 1
nsin® 8 24
Corn of Maize, whale (Zea
maysys - 5 8.7
Corn, whole™ 6 60-1
Corn, whaler s
Corn, wholets 5
Corn, whole® 921
Corn, wholett 10 %30 %
Corn, whaler 10 » 5
Corn, whale, white! 9 13
Corn, whale, whiteitt H
Corn, whole, yellowts 89 8 i2
Corn, whole, yellows ., 9.2 H 4




cent level, corn germ protein is 85 per cent as digestible as beef protein
and possesses equivalent biological value for the growing rat®.

Rice germ is reported to contain 20 per cent protcin™, The
amino acid composition of rice germ protein has been determined
microbiologically®’.  Rice germ protein is reported to possess a
high biclogical value and to supplement the proteins of polished rice!®’.

Polishings and bran: The nutritive value of the proteins of
rice polishings is a subject of controversy. According to Kik™, the
proteins of rice polishings and rice bran possess a higher biological
value but Jower digestibility than the proteins of milled rice; while the
growth-promoting value of the proteins of rice polishings is of the
same order as that of whole rice proteins, that of rice bran proteins is
slightly less. On the other hand, work carried out in India has shown
that the proteins of rice polishings do not at all support growth in rats®.

The protein content of rice bran has been found to be particularly
high'®.  Mecthods for the preparation of refined rice bran suitable
for human consumption have becn described™ 1, as also an attempt
to process wheat bran for human consumption by soaking, steaming,
frying and fermenting’. Mechanical pulverization increases the
extent of utilisation of wheat bran proteins™® %, It is further reported
that continuous ingestion of bran has no deleterious effect on human
beings™’. .

As concentrates, both wheat bran and rice bran are inferior in
nutritive value to sardine (Sardinella fimbriata) cake'®, soya bean
(Glycine Max. Merr) cake', rape secd (Brassica napus) cake!® and
sesame (Sesamum indicum) cake'®, but rice bran is superior to corn
meal™® or groundnut meal'™ (Arachis hypogea).



TABLE 1

NUTIITIVE VALUE OF CEREAL PROTEINS

Nutrne Value

Drotein | Levetof |~ ICoeflicient] pro
content s | RVt o by opopicat [Coctlicrens oot
SOURCE Nx625 o, value | bty ratio
I % A
' ! 18
Bajta or Cambu (Penni- P
setum yphideumys I‘I;‘(S' ¥ 5 \ 80 690 2
Bajrattt s H " . 12
Bajraiit 107 w o M |
Bajrai . 1 ‘ 2.0
Bamboo sceds (Bambusa 120 0 744 9y 2
arundinacea) ' | 06
3 .. 1.2
Barley, whole (Hordeum 124 7 13
wgarejitt 8 i j
10§ 640 o
Batley, whole, groundt®® ..| - 1 770 | o ‘
Barley, whole, ground!s» N | 6
5 - T g
Barley, pearleds P R R i - v
' 0 *
Barley, meatit? 98 | ‘ iy
, Y
Pucksheat from Bl Sal-| sl - bl A
vador (Fagopyrum  es- Sl 7 |
exlentum) i A
! 5 2.0
Buckwheat, whole from 9.2 7 " 2.0
Wisconsin?t 8 -
s . 2.5
Bucknhear, whole, groatsttr 13.7 13 21
3.0
Buckwheat, fine meatit? ., 49 4 )
1
Buckwheat flour, from VWis- 2 ; ‘2’;
consin®® | 10 H -
Co;:;;_i\lme, whole (Z.ezt 5 84.7 gég
Com, wholert 6 60-1 . i
Corn, wholet 8
. 84.0
Corn, wholetts H 670
0921 e
Corn, wholets 639
Corn, wholet i 190 | o030 T
Corn, wholetz2 10 - ]
Corn, whole, whiters 83 9 -
Corn, whole, whiteszt P 8 - 12
Corn; whole, yellowst 89 8 b
Corn, whole, yeltowss .. 9.2 H 16




cent level, corn germ protein is 85 per cent as digestible as beef protein
and possesses equivalent biological value for the growing rat*,

Rice germ is reported to contain 2o per cent protein'® The
amino acid composition of rice germ protein has been determined
microbiologically™.  Rice germ protein is reported to possess a
high biological value and to supplement the proteins of polished rice™®.

Polishings and bran: The nutritive value of the proteins of
rice polishings is a subject of controversy. According to Kik™, the
proteins of rice polishings and rice bran possess a higher biological
value but lower digestibility than the proteins of milled rice; while the
growth-promoting value of the proteins of rice polishings is of the
same order as that of whole rice proteins, that of rice bran proteins is
slightly less. On the other hand, work carried out in India has shown
that the proteins of rice polishings do not at all support growth in rats®.

The protein content of rice bran has been found to be particularly
high'®®, Methods for the preparation of refined rice bran suitable
for human consumption have been described!® %, as also an attempt
to process wheat bran for human consumption by seaking, steaming,
frying and fermenting'®. Mechanical pulverization increases the
cxtent of utilisation of wheat bran proteins'™ %, Tt is further reported
that continuous ingestion of bran has no deleterious effect on human
beings'”.

As concentrates, both wheat bran and rice bran are inferior in
nutritive value to sardine (Sardinella fimbriata) cake'®, soya bean
(Glycine Max. Merr) cake'®, rape seed (Brassica napus) cake'™ and
sesame (Sesamum indicum) cake'™, but rice bran is superior to corn
meal'® or groundnut meal'™ (Arachis hypogea).



TasLe L. Nutritive Value of Cereal Proteins
Protein Nutritive Value
L | Levelof | lcoeffici: .
SOURCE °§';;g"2'5 feeding Dmlﬂﬂﬁlcal oftrue di gimrem
value el | efficiency
% o A gest:zdﬂy ratio
Corn germ meal,
ether-extracted®® wf 225 10 18
Corn germ meal,
ether-extratted, fresh¥...|  20.8 5 83.0 720
Corn germ meal, ether-
extracted, stored at room
temperature for 2 years™ [ 208 5 790 81.0
Corn germ meal, ether-
extracted, stored at room
temperature for 6 years’ |  20.8 5 550 76.0
Corn gluten, commercial®|  47.1 10 0.7
it 5 .- &
Co;:m‘xgutm from whlue- 4.3 ;'3 - ‘1)3
13 0.7
Comn_gluten from yellow| 500 18
L 0.
corn?® o 23 O-g
Cam gluten from wazy
B I 5 4.0 95.0
Com steep-wam- concent
| 271 6 35.0 83.0
Grain Sorghum (Sorghum 7 .
culgareys .. 101 8 o2
Grain Sorghum from
Arkansas® 8 04
Jowar or Cholarn (Sorghum
culpare) . 6 831 914
Jowastis 82 10 .. -0
Jowarit 103 5 83.0 91.0 e
Joswar ) 99 5 0.8
1 . s 0.2
Jowar’ - H 12
Yowar, parched” 6 %9 92.7
Kaohang (Sorghum
vulgare)us 56-0
Kaoliang™® 10 o
Millet (Panicum milia-
ceum)st - 10 56.0 91.0 1.2
Millet meal’ wl 134 8 1.0
‘ 13 09
Osts, whole (Arena !
steriliz)us " \ 83.0 95.0
5 2.2
Oats, rolled” | 149 4 21
10 25
12 23




Taste 1, Nutritive Value of Cereal Proteins

Protei Nutritive Value
retin | Levtof [ Contirens
SOURCE Quents | feeding |Biological i1 Protein
Nx6.25 5 - of true di- o
% value estibility | SHiciency
% % {ESRIY] o
Corn, whole, yellowits 89 3
Corn, whole, yellow™ 10
Cormn, whole, yellowi*s 8
Corn, whole, yellowtts 12
Corn, whole, Jow pmtem" 6
Corn, whole, low protein®™ 8
Corn, whole, high protein® 6
Corn, whole, high protein® 10
Corn, whole, high protein®* 10
Corn, whole, high protein® 8
Corn, whole, stored for
monthst®® o .
Corn, whole, ground 5nd
stored for 8 monthsi® ... -
Corn, whole, stored for 24
months!#* 10
Corn, ycllow, cooked!t$ 10
Corn, 5
Corn, paxchrd" 6
Corn, toasted!® . e 12
Corn flakes, toasted’® .. 6.2 5
Corn endosperm®?, 11t - g
Corn endosperm (waxy)1*®., 1.0 5
Corn endosperm (starchy)“' 10.8 5 ey
Corn meal, whole!® . 9 - -
6 .. 0.5
Corn meal, whole® 8 1.2
Corn medl, whole®o 8 - - 12
Corn mea!, “hole, stor:d 13; 1
for 24 month: . 10 o
Corn meal, “lute, milledit 7.7 6 o
Corn meal, white, mxlled" 6 3z
Corn o1l meal®® " 240 10
n B
Corn germ¥ 21.3 :; 13
Corn germ¥ 212 10 77.3 85.0
Corn germ!t® 7 70- 20
Corn germ3 ol 232 10
Com germ from waxy) s 9.5 840
Cc:::ngerm from stnrchy 248 5 68.0 80.5 .
O Eeapeteaty 3 s | eso | o
C erm meal, 2.1
rotomxpelledr 181 10

_—ve denotes negative growth.
12



Tame L

Nutnitive Value of Cereal Proteins

SOURCE

Protein
content !
N ! 5 25

Level of
feeding

Biclogical )
value

|

‘oefficient
of true d|-
gesub:hty

Rice, polished
Rice, polished?*
Rice, polished™?
Rice, polished™t .

Rice, polished!s
Rice, polished®s?
Rice, polishedi®
Rice, (polished) protein-

extracted™

Rice, polished, strmn 661
{Coimbatore Sanna)it! ...

Rice, polished, stram 1092
(Bangara Sanna)iit

Rice, polished, strain 749
(Ratna Chudiy

Rice, polished, s(ram 139
(Mysore Kaddi)it

Rice, polished, var. Dhasral
(Aus)®

Rice, polished, var. Bhasa.
manik {Aman)*

Rice, parboiled and polishe
ed, var. Bhasamanik
(Aman)s

Rice pzzbon]ed and hand.

Ruce. Puﬂed"‘
Rice, processed, milled
( Minute Rice ")

Paddr, parboiled't
Paddy, pasched, parboiled

Kurmura ") ..
Paddy, parehed (* Lo
Paddy, beaten (* Pohe 'y

Paddy, beaten, parched
(“Murmura *y*

Rice bran®
Rice branto*

Rice polishings

olishing from raw rice var.
P (Ausi® .
Polishings from raw tice,
var. Bhasamanik {Aman)e
Polishings from parbofted
rice, var. Bhasamanik

127

112
132

© amarBnn

W w wmom W

“

o - A N -

L 0 wuw

80.4

84.9
7.9

82.9
89

630
690

580

by human

~—ve denotes negatire growth.
bl




TasLe 1. Nutritive Value of Cereal Proteins

Protcin

Nutritive Valus

.| Level of y
SOURCE content: | 1450 | Biologica | Cpeicient) prorein
Nx6.25 | "y B! of true di- | frotein
% G A gcst:;ull(y Totio |
3
Qats, rolled®! 6 21
Oats, rofleds? 5 521 92.1
g 16
" ? 17
Oats, rolted i 149 o 17
12 16
4 1.6
Oats, rolled"” | 174 8 22
16 17
Qats, rolled!® 66-0
Qats, rolled™® 10 . 1.5
Oats, puffedt® 10 0.3
Qats, pre-cooked!™? 5 .
Oats, drum-dried" 10 16
Oats, oven-expanded!® .| .. 10 16
5 1.7
“Quick’ oats™®? 8 1.7
10 16
Oat flour ‘Cheerios’ 12 .| 149 10 11
Quinoa (Chenopodium 11.0 6 e 17
quinoa)t’ . 9 1.6
Ragi (Eleucine coracana™...| ... 6 89.9 9.6
Ragitit 71 5 89.0 50.0
Ragit 74 5 07
Ragit® 5 1.0
Ragit*® 23 5 90.5 775
Ragi, parched™ 6 93.9 836
Rajkeera, raw (Amaranthus
‘pamculatus)s ] 14:5-160 10 737 80-4 21
Rajkeera, puffedtt 10 19
Rala or_Italian millet
(Setaria italicay® 100 5 770 91.0
Rice (Oryza satroay™® 10 20
Rice' 10 770
Rice, wholes® 7.5 6.0 72.7 96.5 18
Rice, wholes? 5 851 9.1 -
Ruce, brown® | 00 H - b
Rice, malled® . s
Rice, polished™ 5
Rice, polished® 6.5 6
Rice, polished®® 5.2 5
Rice, polished®® 65 6
Rice, polished* 6
Rice, polished’ o g 803
Rice, polished 66 6 614 96.9

Rice, polished™®t

* determined

14

by human metabolism experiments.



Taote 1. Nutritive Value of Cereal Proteint

Proted Nutmxve Value
rotei, | Level of
content: Bmlog:cal Protein
SOURCE Nixoas | feeding | BIOSEE og:gl:l'l- eitelency
% ° % |¥ o Y1 ratio
o
9
Wheat, wholeit® . o 1u
‘Wheat, wholellt v 5
Wheat, whale!!? o S
Wheat, wholel®? . 10
‘Wheat, wholel® o 6
Wheat, whole!* " 10
‘Wheat, whole™® . 12
5
‘Wheat, wholes? - 10
‘Wheat, wholels* e 10
Wheat, wholel® 2o 1
Wheat, wholelt® 76 8
‘Wheat, wholel¢? e v 9
5
Wheat, whole, hard, spring* | 14.2 5
12
‘Wheat, whole, hard, var,
Manitoba IT11? 155 10 e 1.7
Wheat, whale, hard,
Garnertt 14.5 10 - e 1.8
Wheat, whole, semihard,
var, Ostka Chlopickal’,,| 13.2 10 v . 1.7
5 17
‘Wheat, whole, soft, winter® | 11.0 8 1.2
10 1.7
‘Wheat, whole, soft, var.
Dankowska Graniatkalt? 108 10 - 17
‘Wheat, whole, water-
cooked!® e s 10 .. .. 1.5
Whent wholn, water-
. 12 66.0 87.0
Wheat, whole, toasted'® ., s n 520 30
Wheat, whole, toasted™ ... 11.3 5 90 0' 80.5%
Wheat, shredded™ e 7 e
10 64.0 - o
‘Wheat, raw, crackedi®® 10.0 1 o 17
Wheat, w:ter-cocked
cra . 1 67.0 o .
Wheat, toasted, crackedus }é 5.2_? 1
Wheat, torn’s” . 10.9 5 92.8% 81.0*

~—ve denotes negative gmwlh

by human

17



TasLe L.

Nutritive Value of Cereal Protens

Protein

Nutritive Value

Level of i
SOURCE content: f:c‘d"ing Dmlognca] Coefﬁmjgt Prote
Nx6.25 0/ v 2 UC of ‘r"‘be- 3. 1= efficies
% %, ges!‘l‘/llny rath
%
Rice germt | 19 ¢ 1 869 28
B 5 . 23
Rye, whole (Secale cereale)® 110 8 22
10 18
Rye, whole® - 5 -
5 v 2.0
Rye, wholelt wef 105 ; i:z
9 1.5
s - ee 20
Rye flour, whole! 94 8 - .- 141
9 . i 1.5
Rye, milled® o 5 69.7 90-5 e
Rye flour, mllled" 7:5 6 e e 0.8
Rye breadit e 5 660 . e
Rye breadl" 29 10 .- 1.3
Rye bread from 70% e
traction flour’* 6.6 6 1.3
Rye bresd from 70% ex-
traction flour!ss - 7-4 7 o 1.1
Rye bread crust™ 66 6 . 08
Rye bread crumb 70 7 o 1.3
Rye-cat-corn mixture,
raw!s .- 10 . 1.5
Rye-on:-cam mixture, gun.
exploded!™ .- 10 s 0.5
Wheat, whole (Triticum
aestivum)®* . 10 e 1.7
4 100.0
‘Wheat, whole!?? - 6 68.0
Wheat, whale®? 8 1.2
‘Wheat, whole®? . s
‘Wheat, whole™ 7 13
5 3»9
7 .8
‘Wheat, wholel!* 147 8 0.9
9 11
6 0.5; 0.8
‘Wheat, whole!® e 9 0.8
Wheat, wholex® 2 0.9
5 . 0.9
8 . 0.9; 1 0
Wheat, whole? S X
144 10 . 1.4

‘Wheat, whole®




Taste L. Nutritive Value of Cereal Proteins

Protei Nutritive Value
rotein | 1., -
SOURCE content: | 2¥S1oF | piotogica | Coeficient! prorein
Nx6.25 o value |8 SOiS v | efficieney
% ! % |B {y‘ Y1 ratio
o
Wheat bread from white
flour of 70 per cent ex-|
tractiontt® 8 51.2 914
Wheat bread from white]
flour_ of 80 per cent ex-|
traction# 8 53.6 92.0
Wheat bread from white
flour of 85 per cent ex-
traction? ) 8 53.2 89-1 e
Wh:z: bread white,
el e 14 . 1.0
Wbmt brad, white,
crusti* o e 16 o v 10
Wheat brud white,
toasted 12 1.0
Wheat rollstt - 1 5 1
Wheat flour, granular’™ . 10
Wheat semolina? 9
‘Wheat pollard®® s
Wheat shorts*® 10
Wheat bran® 10
Wheat bran}# s e
‘Wheat bran protein-
extracted?™ el wae ane P
‘Wheat germ®® ey 299 10 2.9
5 21
9 2.9
Wheat germ"* b 285 10 2.8
1 25
12 24
10 2.5
Wheat germ™ | 343 15 1.8
18 16
Wheat germ® 7
Wheat germ 4
‘Wheat germi®t 10
Wheat germ!® o
Wheat germ, defatted® 10
Wheat gluter, raw™ - “ 12
6
8
10
YWheat gluten, raw'® ;25’
18
21
24

1 denotes Net Protein Utilisation (Biological value x Coefficient of true
digestibility.)
19



Tasre 1. Nutritive Value of Cereal Proteins
. Nutritive Value
Pmtcm‘ Levelof | . = . ICoefici
SOURCE contentt | feeding | Biological M Protein
Nx625 % valae |oftruedi-| mrney
% o % gestibility ]
%
Wheat, flaked!s’ w117 5 821 83.0%
Wheat, inflated!*? s 151 5 79.8¢ 82.5¢ s
‘Wheat, puffedi o 13 o 07
Wheat, puffedi® o] 132 10 o —¥e
‘Wheat flour, whole 5 14
(*atta”)® - 10 14
Wheat bread, whole!? .., - 5 730 e o
Wheat bread, whole!® ... e 8 56-1 847 e
Wheat bread, whole
pecled!s! - s 5 7969 93-0' o
Wheat biscuit, whole? .. " 5
Wheast endosperm?!? o v 7
Wheat endosperm?3? e 1.6 5
‘Wheat flour, milled® 5 - ver "
Wheat flour, milleds! 9.8 7 0.7
‘Wheat flour, milled®? 9 0.8
‘Wheat flour, milled?®* 10-2 8 0.7
‘Wheat flour, milledi® - 9 0.7
Wheat flour, patent®® ... o g g:;
‘Wheat flour, patent®®  ,..[ 13.5 10 0.8
Wheat flour, patent}¥ .. 9 . 0.8
‘Wheat flour, whitest e o 10 o - 1.2; 1.5
‘Wheat four, white'® .. s g gi‘g o -
Wheat flour, whiteSt 6 o 0.7
‘Wheat flour, whitel? Y . 9 - o 0.8;09
Wheat flour, white?® s 12 e e 0.7
Wheat flour, white®™? 103 10 e . 10
‘Wheat flour, white!! . 10 52:0 100-0 1.0
Wheat flour, white!s e e 41.0* 96.9* .
‘Wheat flour, white (85 pe!
cent mxamon, National
wheat meal)®? s 10 vor . 1.5; 1.7
Wheat flour, white (80 pcr 6 0.7; 08
cent extraction)"t o 9 x'.s
Wheat gour “l;n—st (Eilear 162 10 0.8
heat r, ‘Secon
Wheat Ty 174 10 12
Wheat (‘Red dog") ﬂu\zt“ 177 10 24
Wheat bread, whitel? 106 10 1.0
‘Wheat bread, white'® 75 9 15
Wheat bread, white!* | 10 11
Wheat bread, white'® - 5
9 . e 0.8
\Wheat bread, whited  ...[ 110 10 o 11
" 6% 93.3%; ver
Wheat bread, white®® . 3 ;gg. 99.4*

—ve denotes negative growth. X
# determined by human metabolism experiments.
18






Tavte I, Nutritive Value of Cereal Proteins

Protein Nutritive Value
.| Levelof | .~ i "
SOURCE 91\‘;‘;(‘2"2'5 feeding | Biological of:gi:‘é?_u Protein
t) % value | estibility | ¢fficiency

% % % ratio

6 960 o

8 .- 0.9

10 o e

heat gluten, toasted!® ... }% 900 Bg
18 - 1.1

21 see 11

24 . s 0.9

20



OF CEREAL PROTEINS
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TABLE Il. AMINO ACID COMPOSITION

SOURCE

Protein
content
/o

AMINO

Arginine |Histidine
7 %

Lysine
()
o

Bajra or Cambu (Pennisetum
t)?ﬁoxdeum)"‘ 21 o

Bajra, strain CO-11%

Bamboo seeds (Bambusa
arundinacea)'s .

Barley, pearledts
Barley, malt¥ .

Canihua (Chenupadeum
pallidiculae)? .
Corn, “hole (Zea mays)™ ..
“Corn, wh
‘Corn, whulc‘“
<Corn, whole!® .
Corn, whole®® .
Corn, whole, yellowl3t -
Corn, whole, low protein® ...
Corn, whole, low protein®...
Corn, “hﬁleiulf’w protein
o X
o Mol high proteis
Corn, whole, high protein®
Corn, whole,)“iligh protein
3 X Dyy)
Co(m bread, whole
(“Tortilla’)?
Corn endosperm?$®
Corn germ® ¥
Corn germ?®
Corn germ?!®
Corn germ1®* -
Corn gluten®®
Corn gluten®?
Corn gluten!®
Com glgten meal“' -
orn albumins®®
Com protein (Zein)ts?

Jowar or_Cholam (Sorghum
wulgare)™® . 3
owarist
}owax, strain N-11%¢
Jovwar, strain CO-7%4 .
Jowar, strain H-115¢

Kodra, Coimbatore strain
(Paspalum_ scarbiculatum)ts
Kodra, Bombay strain®®

M1o (Sarghum vulgare)®® ...
Milo¥ oo

480

-
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Dol o
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40
67
63
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Taste IL. Amino Acid Composition

AMING
Protein
s E
OURC content | Arginine | Histidine| Lysine | Tyrosine TfYP'O'
% % % % % | P
Qats, whale (Avena ﬂmlu)‘" 6.8 2.3 3.6 4.5 1.3
Oa!s, whole1# . oo ™ e . P
Oats, wholetts 67 1.5 3.4 3.2 1.3
Qats, whole, var, Victory® 5 6.1 1.3 3.3 P o
Oats, whole, var, Richfand 115 24 06 1.8 12.0 0.3
Qats, whole, commercial® ... 13.9 37 0.9 1.3 - 74 04
Oatu, whole, (average of 14
varieties from 1
hatvest) 124 o o 34 o 1.2
O:n, wholc, (xvenge of 14
varieties from 1949
Oty e, finel d" B | | 3% T2 | 0
ats, whole, ely groun 8 B R ¥ K .
Oats, rolledss - s ] 39 i3 11 29 15
Oats, yolledtss . ! S S
Quts, rollds ol 60 22 3.3 is 12
Oats mxddhngs“ . 21.5 3.8 1.2 06 4.7 o
Oats ‘shores’ # o 141 3.5 0.7 13 67 P
i Ch dium
Qz:lx:'rol:a)‘(' enopo e 110 74 27 66 P 1.1
Ragi (Eleucine
nt%n(uamz)*:l' wn 3.7 34 1.6
Rogitts Ee! "
ﬁ:ﬁ‘;w 7.9 31 i1
Ragite 8.0 1.5 1.7 o, Lg
Rngkl prot(ei;.‘“ " v . 1.5 0.5 5.3 1.
Rajkeera (Amaranthus
ﬁ‘mmlatu:) o o 2.8 14.8 2.9 82 3.3 0.9
Raﬂ«eer;.u et (Set 14.5-1601 ... B
Ral: t t (Setaria
R?;:f: o) l":)m' e 10s | a8 | 21 | 22 10
z
s AR R i3
Rice, whole? g g g " it
Rice, wholet” 83 63 21 3-; 13
II%‘”' w,l:olle“E £ G o v . .
ice, whole (average for '
strains)iss o83 | 127 4 34 . oz
Rice, whole, cooked*” 7.3 58 2‘3 28 e -
Rice, whiteis¢ 79 87 32 32 501 1
et ol - B - S 13
ce, white! - 7 :
Rice, polished? 40 09 44 . o
Rice, polisheditt
Rlce,l p}:ﬂ;o:led and 81 12 Y33 54 .
olishe . . 07
e brans 26 | 07 | 83| . | B
Rice bran' e Y 3 . %)
Rice polishings™ 22 | 06 | 36
Rice pohshmgs“' 1 os 29 1.5 5,2
}}gf:, wehole (Secale cenalt)" ‘g‘ H gi - 22 . g;
Ry, whol 2] s 7 | a2 i
Ry ey mlai | 40w E

[
=



Method
of
Estima-
tion

Valine
%

%

R R T T O e I T ) [ i -
A A AA AdlZgslatYal £ U U ozpgEngE o UZges  UZZEZE
24 A s a2 & b3
= —

) QRpoERen 0o o SEeno=a 2199 i%Too

) T mroad idd ¢ s d o R R
o oo me oguwe . wo © [oovqn 9 iR
b LA e A ] o o ] * F RO H it Td
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‘Taste II.  Amino Acid Composition

AMINO
Protein
SOURCE content | Arginine Histidine| Lysine [‘Tyrosine| ToBte-
% % % % % | Phen
Samai (Panicum miliare)™ ... 11.0 4.7 19 1.8 0.6
Sorghum, var. Kelo (Andm-
pogon sorghumps’ 12.1 I " 1.8 v 0.8
Tenai, snam N+t (Setaria
ftalicayts o 10,5 7.0 3.5 2.8 0.7
‘Tenai, strain H-21% ol 110 7.2 4.3 2.4 0.8
Wheat, whole (Triticum
aﬂtwum)”' (° u 52 1.5 2.2 .er ;.1
Wheat, whole? 31 2.5 2.5 0.6 2
Wheat, wholels¢ 4.5 2.0 2.5 o
137 4.3 241 27 4.0 1.2
Wheat, whole b 12
Wheat, wl}:ole‘“ 3.0 1.2 27 - 2
‘Wheat, wholets® < o - s .
Wheat, wholel®! 3.3 2.6 V27 :[2)
Wheat, wholet? 4.2 2.1 29 g B
\gheat, \vgole‘" B -
‘Wheat, whole®
Wheat, whole!” 4.2 2.0 2.9 }3
Wheat, wl}l‘ole"(' for' 3-8 1.7 2.8 . g
Wheat, whole (average or
straing)1st Fulhio™ 10.2 104 1.6 33 11
‘Wheat, whole, var, Fulhie
(soft wmte]r)“ M 14.6 24 0.5 6.0 3.5 0.5
Wheat, whole, var. arqu:s‘
(hard spring) s “"r 207 25 14 7.3 4.2 0.4
‘Wheat, whole, var, enmarq g
(hard winter)M, 173 16.1 24 O-Z Zg 35 04
Wheat, whole, var. Mnrquxs" 18.9 4.5 l~2 1-9 3%
Wheat endosperm1'® 3.9 %7 hH
Wheat, inner endosperm‘" 11.9 2.9 -7 2.6
Wheat, outer endosperm!™...| 14.4 4.5 1-2 1.9 38
Wheat flour, milleds? . 39 %-5 2'2 °
‘Wheat flour, patenti”t -] 143 31 - 3 -
Wheat flour, pat;m, t;mm
hard spring  wheat (var. y
Marqug, 74% extraction)'™| 18.9 2.2 1.0 52 25 0-6
eat flour, patent, from
}'}axd winter wheat (var,
enmarq, 74% extrac- ’ 37 07
tion)i™ ; 2.5 03 88 37 o7
‘Wheat (‘Red dog’) flour®® 3.8 2'3 38 44 13
Wheat bread, whitelt” 33 23 28 43 a3
Wheat flour, granular® .. - . 3 R 0.9
Wheat mlddlmgs, standard“ 231 5.6 2:6 2.6 1.3
‘Wheat ‘shotts’ from hard|
winter wheat, var, .0 - 0.3
Wt ’ R R v 13
eat bran - - .
Wheat bran'®? 7.5 17 39 o
Wheat bran e -
Wheat bxan‘f" hard inter 7.5 1.7 - va
‘Wheat bran from hard wi g . 10 X ..
wheat, var, Tenmarg® ... 17.2 b 93 | 128 3.3 1.0
‘Wheat germ®® 6.0 2.5 5.5 3.8 '1)8
Wheat germ?®’ 62 30 5.4 2
‘Wheat germ!™

0
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55 19 10 27 7.5 37 42 MM
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‘TasLe 11 Amino Acid Composition

AMINOG
SO Protein
URCE content | Asginine [Histidine| Lysine | Tyrosine| THRI"
d % % % % | Py
b
Wheat germ, defatted® | .. 9.6 43 51 .o |29
Wheat gluten® - %) I 39 22 19 38 | 08
Wheat glutent® 39 22 20 38 | 10
Wheat gluten meal* 27 2.3 18 [ 25 | os
‘Wheat gluten feed® 25 2.8 2.8 14 03
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CHAPTER IT
LEGUMES*

FOR vegetarians, as also those who cannot afford the costly pmtem-nch
animal foods, legumes are the most important source of pmtems in the
dietary® 2. Legume proteins provide certain essential amino acids in
which cereal proteins are deficient and thereby enhance the overall
nutritive value of the proteins in the mixed diet®. Inclusion of legumes
in processed foods like dried soup powders® ® and multipurpose food®
helps to improve the palatability by masking the flavour of the other
constituents. The preparation of milk substitutes from legumes has
been reviewed™ %, ‘The nutritive value of legume proteins has been
extensively investigated and we are today in a position to lay down diet
schedules based on blends of legumes and cereals as would meet fairly
adequately the protein requirements of the body’. In addition to
this, there have been a constant search for new legumes of high protein
content® ™ and suggestions for the utilisation of unfamiliar legumes®.
Harris and his team from the Massachusetts Institute of Technology
have collected a large volume of data on Central American legumes™™®
and more of these are still being investigated.

Apart from focusing attention on new and hitherto unfamiliar
sources of legume proteins, recent work has also shown the possibility
of wide variations not only in regard to protein content of legumes but
also in respect of the amino acid make-up of the proteinas influenced
by various factors, such as variety® 2 or fertilizer treatment™.

Protein content: The protein content of most legumes falls
within the range zo-3o per cent (Tables 1IY and 1V), prominent
exceptions being Agathi seeds® (Sesbania grandiflora) which contain
68 per cent protein and lupin seeds® (Lupinus Iuteus) which contain
79 per cent protein. It has been reported that sulphur-containing
fertilizers \'educe the protein content of peas™ (Pt:um satioum).
The g of 1 have been
mvestxgated”' 2,

The proteins of 1 are chiefly globulins with certain amount
of albumins in a few cases. The albumin of peas differs from the glo-
bulin in having a higher content of tryptophan and Yysine?s,

Amino acid composition: The am.mo acid compoesition of the
proteins of different 1 are p d in Table IV. In general,
methionine is the major imiting amino acid in legume proteins!® = %62
Crystallization of phaseolm, the protein isolated from Ukrainian bmns
(Phaseolus culgaris), is reported to bring down its methionine content

* Excluding soya bean.
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their biological value is not of a high order™ *. The performance of
growing children on predominantly legume diets has been reported
1o be inferior in a number of respects to their performance on predo-
minantly meat diets®, Certain legumes, however, contain proteins
of fairly high biological value—for instance, Alaska peas™ and Bengal
gram (chick peas) ¥ % €. The latter is also reported to contain
a growth-promoting factor for guinea-pigs".

Factors influencing nutritive value

Vitamin By,: Vitamin By, has no influence on the growth-pro-
moting valuc of lentil protein at 12 per cent level in the diet, but its
biological value is significantly increased; at 18 per cent level, however,
this vitamin alse increases its growth-promoting value®,

Germination: While the growth-promoting value® and the
digestibility® of the proteins of Bengal gram {chick peas) increase on
germination, the biological value®® registers a small decrease. Among
otherl investigated, germination impr the growth-p ing
value of the proteins of black gram® and lentils* but not that of the
proteins of peas® ® and green gram*® * (Phaseolus aureus). Protein
break-down is reported to occur in peas, with increased formation of
amides and ammonia, during germination in air and also on prolonged
soaking in water®.

Maturity: ‘The proteins of lima beans in the fresh, immature state
are superior in nutritive value to the proteins in the mature, vine-
ripened legume®, but the effect of maturity on the nutritive value of
pea proteins is a subject of controversy™ *

Processing: Heat-processing increases the digestibility of legume
proteins®™™, removes saponins responsible for the typical bitter taste in
raw legumes and generally improves their flavour™ The biological
values of the proteins in several 1 have been pared when
fed raw and after autoclaving. Those reported to improve on heat-
processing include the field bean™ (Dolichos lablab), navy bean®
{Phaseolus vulgaris), kidney bean® (Phaseolus culgaris), pinto beans® &+ 7
(Phaseolus vulgaris), jack bean™ ** (Canavalia ensiformis), velvet bean 7
71 (Mucuna deeringianum), adsuki bean™ (Phaseolus angularis), horse
bean®™, horse gram®™™ (Dolichos biflorus) and Khesari dhal*® (Lathyrus
sativus). Those reported not to so improve-include the partridge pea’™
(Chamaecrista fasiculatd), guar bean™ (Cyamopsis psoraloid ped

Lesped ip ) and the vetch™ (Vicia sativa). There
are 2 number of repcrts in the literature to the effect that the nutritive
value of pea proteins is impaired as a result of heat-processing!®*
£ 68 6808 but there are also a couple of reports to the centraryt 7.
Controversy exists also regarding the effect of heat-processing on the
biological value of the proteins present in a number of other I es,
such as Bengal gram (chick peas) 43> 510 7 80 8388 o45)c 45+ 81, 75, 81, 42, 87,
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further®,  White sweet lupin (Lupinus*albus) proteins, however, have
been shown to contain 2.6 per cent methionine, rather exceptional for a
legume protein®™, When methionine is added to the diet, the biological
value of legume proteins, in general, is known to improve®® 3 46 45 20, 51
Whet} supplemented in this manner, Alaska field pea proteins become
superior o casein in nutritive value’. The proteins of split peas,
lentils (Lens culinaris) and red gram or pigeon peas (Cajanus
cajan) do not produce good growth even when supplemented with
methionine®, Suppl tation with other deficient amino acids like
tryptophan or threonine is alsoineffective, but, in presence of methionine,
tryptophan and/or threonine significantly enhance the nutritive value
further; thus, maximum improvement has been obtained with a
combination of methionine, tryptophan and threonine, raising the
protein efficiency ratio of Bengal gram or chick peas (Cicer arietinum)
from 1.3 to 2.3 and that of lentils from 0.7 to 2.6%. Variations in the
availability of methionine from the proteins of different legumes
have been reported® # %, The methionine® present in Bengal gram
(chick peas) is reported to be more readily available to the rat than that
present in certain varieties of peas, lima beans (Phaseolus lunatus) and
snap beans (Phaseolus vulgaris).

Next to methionine, cystine is another general deficiency in legume
proteins'® -4 40 5t However, the proteins of Bengal gram (chick
peas),® lupin seeds®, lentils® and string beans® (Phaseolus vulgaris)
are reported to contain fair percentages of cystine. Sulphur-containing
fertilizers increase the cystine content of pea proteins®. The availability
of cystine, too, varies among different legumes*?,

Other general deficiencies in legume proteins are tryptoph
405558 5nd isoleucine ™ “* 4%, The proteins of red gram (pigeon peas),
in particular, are very low in tryptophan® 3 %7, There are, however,
some unconfirmed reports to the effect that the proteins of certain
legumes like Bengal gram (chick peas)®®, black gram® (Phaseolus mufzga)
and white sweet lupin seeds™ are rich in tryptophan. The a‘vailabxlity
of tryptophan from legume proteins is reported to be high except
in the case of red gram (pigeon peas) proteins®,

In addition, specific deficiencies of other essential ami{xo acids in
the proteins of particular legumes have also been reported, like phenyl-
alanine in horse beans® (Vicia faba); threonine in horse beans®,

- subterranean clover seeds® (Trifolium subterraneum) and Bengal gram
(chick peas)” and valine in peast?, .

Legume proteins are considered to be good sources of lysin
The protein in a sample of pea analysed at Coonoor (Il.xdxa) has been
found to contain 11.4 per cent lysine®®. The proteins of Agathi
seeds are, however, deficient both in lysine and in methionine”.

Nutritive value: The proteins of legumes, 25 a class, are not
well balanced in respect of all the essential amino acids and, in general,
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as cicerism, are attributed to cicerine, the chick pea protein'™ and also
to the fat present in the legume®, The toxicity can be ameliorated
by the addition of hionine or choline; the latter, though present
in sufficient quantities in raw chick peas, is destroyed on cooking!®’,
A new vitamin of the B group present in liver extract, other than
Vitamin B,,, has been reported to be potent in protecting animals
against cicerism!® ¥,  Experience with Bengal gram (chick peas)
in experimental feeding in India, however, has not confirmed these
repomli- 62 l09'

The incidence of lathyrism in areas where Khesari dhal is consum-
ed is well known™1,  Other legumes of the Lathyrus species like
sweet peas’2 (Lathyrus odoratus), singletary peas'? (Lathyrus
pusillus), perennial peas’® (Lathyrus latifolius), flat peas™l:121%
(Lathyrus sylvestris Wagnert), Lathyrus hirsutus'®, Lathyrus tz'ngitzmu:m
and Lathynu sphaericus'™ have also been found to possess toxicity in
varying degrees. Toxic principles have been isolated fmm sweet p&sm
singletary peas'® and flat peas®®. Noi; ion is, b
regarding the chemical nature of the toxic compou.nds prsent in
Khesari dhal. It has been reported that dictary protein has an amelio-
rative action on lathyrism in experimental animals!® 129, Though a
number of theories have been ad d regarding the
of legumes of the Lathyrus species®™ 47+ 118 121 122,130, the last word bas
not been said on the subject and the etiology of human lathyrism still
remains to be elucidated.
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green gram'® S 7 I 8 8 plack grapts sbom g gram (pigeon
peas)™*» % and cow peas #5080 (P, sinensis). In fact, cooking
<cow peas makes no difference to the growth-promoting value of cow
pea proteins in some samples, while it has a beneficial effect in some
others¥. The effect of canning on the biological value of pea
proteins is another subject of controversy® & & and is reported to be
influenced by the maturity of the peas and pH®. Parching improves
the nutritive value of the proteins in Bengal gram (chick peas)™ & &,
green gram'™ ®, black gram *, horse gram™ and dried peas™, Many
legumes contain trypsin inhibitors® ®., which, in most cases, are
heat-labile®™, but no correlation has been observed between the effect
of autoclaving on the nutritive value of protein and the presence or
absence of trypsin inhibitor in the raw legume™.

Supplementary value: The general pattern of distribution of
essential amino acids in cereal and legume proteins being dissimilar,

they are capable of supplementing each other, with the result that
cereal-legume mixtures contain proteins of superior nutritive value®
o8 8:929  Bread prepared with the addition of pea or bean meal has
been reported to possess a higher nutritive value than that prepared
from cereal only™. Supplementary relationships have been observed
between the proteins of Bengal gram (chick peas) and parboiled wheat®,
between the proteins of horse beans and corn®, between the proteins
of peas and cereal germ® and between the proteins of peas and meat™.
Recent studies at Coonoor (India) have shown that the proteins in
legumes such as Bengal gram (chick peas), black gram, green gram and
red gram (pigeon peas) supplement wheat proteins, jowar proteins
and bajra proteins, but not rice proteins®™,  As judged by human
metabolism studies, legume proteins are inferior to milk proteins in
supplementing rice proteins®,

Toxicity and ill-effects: Sword beans (Canavalia gladiata)
and jack beans are reported to contain a sapotoxin which causes nausea
and vomitting; cooking in plain water or in water made alkaline with
sodium carbonate is said to render them fit for human consumption'®,
Different varieties of Burma beans (Phaseolus lunatus) have been shown
to contain cyanogenetic glucosides in varying concentrations, which
can be detoxicated by moistening the legume flour with Wate.r.fcllowe'd
by drying®. Mucuna seeds (Mucuna pruriens; Jl_lucuruz utilis) are, in
general, rich in proteins'® and are free from alkaloids and cyanogenetic
glucosides®.  But since the Indian variety of mucuna see@s, Mucuna
pruriens, contains large quantities of filhydrox’yphex{ylalamne““, long
term effects of feeding this legume require to be mvestxgased“"s. Mucuna
utilis is reported to be even more toxic than ]lluc.una _pm.nen:“’ . .

m Spain and Central America indicate that chick

Reports fro i

i i f protein,

d to experimental animals as the sole source of protein,

P red Wh?olxﬁ eptome® 18, These symp broadly described
yrap
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Tante 111, Nutritive Value of Legume Proteins

Nutritive Value

Protein -
Level of Ce "
content: H Biological .| Protein
SOURCE Nx825 | fegine | alie” |oftrue dinf cipciency
% ° % (FGT| o
3
Black gram®t 2 o -
Black gram . 15
Black ram™ 5 639 857
Black gram® 10
Black gram!® 11 60. 83.0
Black gram® 19 620 780
Black gram®™? . 1 |
Black gram, parched™ .| .. 5 659 83.8
Cow pea (Vigna sinensis)™ | 260 10 2.0 58.0
Cow peat*s 24.1 10 45.0 780 -
10 790
Cow pea™ 10 82.6%
Field bean (Dolichos 12 —ve
lablaby 12 — ve*
Field bean (Hyacinth 10 56.5
bean) 10 81.6*
Field bean®* 287 10 57.0 65.0
Field bean'* 246 10 410 7690
Ficld pea (Pisum amhm)“ 256 [ 69.0
Field p | 256 10 620 700
Green gram (Phasealus 12 474 90.8 1.2
aureus)s 28 12 1.5¢
Green gramé! :% ::: %:;.
Green gram¥ 15 19
Green gram™ 5 50.0 8.9
10 1477,660|746;910 07
Green gram® 10 38.60 83 0s 1.0%
10 4300t | oaoet | L
Green gram® 1
Green gram!® | 263 1 610 80
Green grami® | 28 10
Green gram'® 28 10 510 86.0
& 6.0 93.0
Green grami® | 233 12 52.0 860
15 45.0 93.0 .
Green gramio O n 12
Green gramli® .- 10 2
Green gram, parched™ . H 702 852

* refers to cooked or autoclaved materials.
d by human

— ve denotes negative growth.
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T4BLE 1l

NUTRITIVE VALUE OF LEGUME PROTEINS

Nutritive Value

Protein
. | Level of ||  1Coeffici )
sounce | R | e |t RO mon
% o %, gest:thty atio
Aconite _bean (Phaseolus
aconitifolius)tt . 271 1n 57.0 58.5 i
Aconite bean™? 13 ggg ggg
Agathi seeds (Sesbania 69.9 10 35.6 92.4
grandifiora)® e 10 35.9¢ 89.0¢
Bengal gram or Chlck pea
(Cicer arietinumjst 216 10 e .-
Bengal gram® 12
Bengal gram® .| 28 2 60 | 868
Bengal gram®t ] 2 - -
Bengal gram® 15 o ™
Bengal gram** 280 10 781 82.1
5 782 85.7
Bengal gram™ o e 10 74.6 89.1
10 611730 80.5; 92.0
83 . . 10 92.0%
Bengal grac 10 63 7'f 93.7
Bengal gram® | 178 » - - 1%
9 o 10 o 1.8
g:ﬁg:{ s:m“‘ 281 10 78.0 76.0 .-
Bengal gram?¢ 221 10 62-0 86-0 s
Bengal gram'’? 21.7 10 0.7
5 60.0 §5~0 0.8
12 239 10 52.0 5-0 1.3
Bengal grare’ 1s %60 | 880 11
Bengal gram, germinated®*|  26.8 10 75.6 894
5 846 88.6 -
Bengal grem, parched™ ... . 10 78.0 88.9 o
12 . . 0.5
BI:;‘“”")! pea (Vigna | 223 12 .- - 1.3%
Black gram (Phaseolus 243 12 640 907 2,
ingo)ts . 12 - 8

- refexs to cooked or xutoclnved ma(enals

d by human
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*Tasie L. Nutritive Value of Legume Proteins

Nutritive Value
Proteint | 1 vl of Coclich
content: ing | Biological B Protein
SOURCE Nx623 | feeging | Pac™ ol true di-| opiciency
P % N % |ERTNY ) wstio
Lentilr 241 10 05
Lentilst 257 10 410 830
6 530 92.0
Lentii» | 226 1 320 9.0
15 5o 920
Lentite N I T I
Lentine 10 06
Lima bean (Phaseolus
lunatus), average of +
e | 198 10 I g P
Lima beaa™ T R <+ S
Limabean, fresh® | 10 02
Lima bean, home-dried® 10 12
Lima bean, vine-ripened® | ... » i
Lupin seeds, sweet, white
Qupims albusP | e 58.0
10 0.6;0.8%
Pea (Pisum saticum® .| ... 10 11
20 n 10
9.0 % g
Peatt 27 2 b by
" 9 60.6
Pea N H @s,
Peato [ 9518
Peatt bt S s
Tan ! ] 655
ea’ - 10 1.0; 1.2
Pear XY 10 fov
Pea® ) 231 10 1.0%
" : 10 430 910 10
Peaut L oma 1 pirs a4 10
Pealst 10 10
Pea (average of 9
varieties)tt 275 1 oo | —ve0
Pea, parched* 5 839 ve-07
Pea, green, fresh® 10 13

© refers to cooked or autoclaved materials.

uman
1 denotes egg replacement value.
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‘Tapte 111 Nutritive Value of Legume Proteins

Protein Nutritive Value

by Level of
SOURCE somtent: | £ Gg | Biologicat |S2eient pyocery

Nx6.25 o value |OLtUEdi-| ey

% o % gest:;nhty ratio
b
Horse bean or broad bean

(Vicia faba)st - 235 10 o I 1.2¢
Horse gmm (Dolichos 12 e 0.7

biflorus)st - - 12 - 1.7¢
Horse gram™ & 61-4 772 e
Horse gram® 10 67.0 59.0 e
Horse gram!3¢ 10 66.0 73.0 e
Horse gram, parched® 6 69.8 794 o
Khesari dhal (Lathyrus 28.8 12 41.7 90.6 —ve

sativus)l g 12 . 0.4%
Khesari dhalt 22 HA S s S
Khesari dha[#* 10 i 03
Kidney bean (Phaseolus

vulgaris)® 2.5 10 aen 1.5¢
Kidney bean (Pinto bean)| .. 10 o
Kidney b n 1 :

idney bean, black? 10
Kidaey b an 10 .

idney bean, re N 10 - .

- e 10 . . Died
Hidney begm vine 10 .. 0.8%
Kidney bean (Navy bean), 10 P Died

vine-ripened® i 10 et 0.4-0-9*

Lentil (Lens culinaris)t 12 o - 0.7*
12 446 923 0.5

Lentilés 23.8 12 0.9%
12 48.0 92.3 0.1

Lentil® 18 49.5 93.0 04
12 . . 0.9

Lentils? e 12 .- e a.g*

Lentil®t 15 o 12
10 88.3 o

Lentil™® 10 92.6* .

e 24.0 10 1.2¢

%2:5“1 287 1 58.0 78.0

® refers to cooked or autoclaved materials,

— ve denotes negative growth.
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‘TapLe 111, Nutritive Value of Legume Proteins

Nutritive Value

Protein Level of
SOURCE ;?;‘gz‘s: feeding | Biological C°°m°‘;““ Protein
o % value gesnbfml- efficiency
o % % Y ratio
Pea, green, home-dried®... 10 . . 1.2
Pea, green, vine-ripenedt® }g . gﬁ‘
Pea, yellow, vine-ripencd® 1 - o8,
; 1 s16 | 1314
Pea, raw (Alaska)®® s 15 . 1.3
Pea (Alaska), immature®... 10 12
Pea (Alaska), canned®® ... 10 0.7
Pea {Alaska), canned® ... 10 1.0; 1.2
Pea (Alaska), baked®® 10 m 11
Pea (Alaska) germ® 8 . 1.6
Pea (Alaska) sprout® ... 8 1.2
Red gram or Pigeon pea 24 12 61.0 84.9 —ve
(Cajanus cajan)s - - 12 1.3%
1.6
Red gram® . ;% 1.6
Red gram™ }(0) gg;.
10 520;740]67.1; 900 0.7
Red gram® 10 61.7# | 90.7%%
Red gram® 1 1.7
Red gram? 25.6 5 790
Red gram® 25.6 9 74.0 71.0
Red gram!¥ 227 10 72.0 750 e
Red gram'¥” 23.6 10 Died
5 55.0 76.0 00
Red gram®? 24.2 10 46-0 92-0 1.0
15 36.0 83.0 14
Snap bean (Phaseolus vulga- | 53 ¢ 0 —ve02%

ris), average of 5 varieties®

* refers to cooked or autoclaved materials.
+ determined by human metabolism experiments,
—ve denotes negative growth,



OF LEGUME PROTEINS

Acips

Method
Phenyl Meth o
enyl- i ethio- i 9 i i estima-
alanine Cy:!me nine. Thr:onmc Le';lclne Isol:}xcme Va';l/me e
% % o % % /o o
45 0.5 09 67 5.0 32 M
41 - 0.3 29 5.2 25 2.7 cc
42 13 58 7.4 37 4.4 M
14 c
08 c
1.2 C
5.0 1.7 M
49 1.2 MM
aee - C
4.3 M
4.2 cCc
27 o 3.1 M
33 29 M
55 . 14 M
51 . 13 M
e 22 14 C
5.8 - 1.5 M
5.4 0.7 S M
o 0.7 08 C
5.8 o 1.3 cC
42 " 21 5.5 40 M
38 2.0 52 5.0 MM
29 0.4 0.5 5.0 3.0
1.9 1.8 ~ C
52 0.7 1.0 32 7.5 49 63 M
1.3 e C
53 0.7 33 8.9 6.0 56 M
. 2.2 1.9 C
60 12 35 83 48 60 M
5.9 06 1.0 3.5 7.7 63 6-4 M
2.8 03 0.6 1.9 91 0.3 6.2 M
.. 04 09 C
3.1 0.7 1.9 20 3.6 cC
37 3.2 3.2 83 51 4.7 M
39 2.8 2.5 6.8 5.3 43 M
. 04 c
34 11 0-5 2.6 76 53 51 .
i
M: M 3 MM: M
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TABLE IV. AMINO ACID COMPOSITION

AMINO
Protein -
SOURCE
content | Arginine | Histidine| Lysine |Tyrosine| TrYPto-
. % % % | % - % phan
/o
Aconite hean (Phaseolus
aconitifolius)its 245 o 33 5.4 ¥ .’
Agathi seeds (Sesbania se ] o7
grandiflora)lss - o 2.7 .
Alfalfa seeds, Ranger
328 8.5 22 4.2 24 07

(Medicago sativa)us

Bengal gram or Chick pca
(Cicer artetinum)n .
Bengal gram*?
Bengal gram®
Bengal gram¥
Bengal grams
Bengal gram#
Bengal gram!4?
Bengal gram!s
Bengal gram,
strain No, 48214
Bengal gram,
strain No. T-87149
Blackeyed pea, fresh
(Vigna sinensis)so
Blackeyed pea, dried!s®
Black gram (Phaseolus
mungao)'
Black gram®
Black gram®
Black gram**
Black gram*
Black gram,
strain No. T-27 19 .
Black gram, strain N.P. 636
Black gram (Ryokoto)®® ...

Cow pea (Vigna sittensis) 3.
Cow pea® -

Field bean (Dolichos lablab)”
Field beant®

Green gram (Phaseolus
aureus)™

Green gram®

Green gram®

Green gram (Mung bean)"

Green gram'

Green gram™®

Green gram, strain No. 127

Green gram, strain No.T-114

Green gram (Mung bean)i#*

Horse bean or broad bean
Vicia faba)®® .

11.6
13.0

6.1
6.4

.2
1
8

4
.3
2 .
6 20
5.9
3.0
63 "
63
67
6.0
121 23
4.1
5.3
31 32
62 06
(X
11
04
06
1.0
1.8
0.6
0.6
5.5 31 0.9
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of Legume Proteins

Acips Method
of
Phenyl- : Methio- 2 ; i i estima.
alanine Cygtmc nine Thr:/omne Le:\/cm: Imlz}:cme V-.}/me tiom
o, % % o o o
0.7 C
0.3 3-8 M
10.1 40 . cc
20 32 51 M
0.7 0.2 . v C
04 3 -6 6.6 4.7 M
1.6 1.6 7 s e 33 cc
1.0 0.6 -3 71 19 62 .
0.7 -5 6.9 4.5 5.0 M
08 0.8 2 54 5.4 54 M
0.6 -0 55 58 5.1 MM
4.0 0.7 0 - vos 5.6 ce
1 . . [+
41 .- 26 2.8 91 13 2.0 [~
1.4 0.5 .
1.8 0.5 e .
1.9 0.7 o
2.8 . . .
34 3.9 3.2 82 5.8 6.0 MM
54 0.7 50 13.2 A
53 0.7 48 11.8 M
.. 14 . C
e a.5 0.3 . e C
5.8 .. 1.3 4.9 109 M
64 0.9 0.9 6.9 - cC
43 0.7 1.8 3.9 6.5 - C
4.8 12 1.0 39 64 3 MM
4.8 0.4 39 64 . M
v 0.9 1.0 . - .
e 14 1.0 o oen v
235 . 06 47 4.7 36
24 . 1.0 3 6.1 44
30 . 0.8 72 47 33 M
3.9 1.0 3.3 8.8 4.8
5.0 1.3 1-3 39 7.0 53 22 h(ﬁ;
20 1.0 . . . c
20 10 - . . - ¢
49



‘TasLE IV. Amino Acid Composition

SOURCE

Protein
content
o

AMINO

Arginine | Histidine| Lysine |Tyrosine| TTypto-
%ol % | % || P
3

Horse gram

(Dolichos biflorusy .
Horse gram®
Horse gram!is
Horse gram, strain No, 7614

Khesari dhal (Lathyrus
sativus)*®

Khesari dhal*®

Khesari dhalt*®

Khesari dhalst.st

Lentil (Lens culinaris)s*

“Lentil¥?

Lentil®

Lentil1*

“Lima bean (Phaseolus luna-
m:), average of 3 varie-
ties!

Lupin seeds, sweet, white
(Lupinus albus)ss .

Lupin seeds, unripe
(Lupinus angustifolius)® ...

Lupin seeds, ripel®

Lupin seeds, ripe
(Lupinus pilosus)®

Lupin seeds, ripe (Lupmux
Luteus)

Navy bean (Phaseolus
valgariey’®

Palacio bean (Phaseolus vul-
garis), defatted'st
Palacio bean, defatted and
cooked®™*
Pea (Pisum sativum), average
of 7 varieties®

Pea, unripet®
Pea, ripel®
Pea, sweet, immature, ra
Pea, sweet, immature,
canned?* .
Pea, sweet, nearly mature,
raw .
Pea, sweet, nearly mature,
cannes
Pea (also bean)!*®
Pea (Alaska), var. First an

Pen (Alaska), var. White
Canada

29.6
26.6

250
209

46.5
43.1

46.5

794

Son
Oort
ool
Lr-NAY

1 09

121

7
6
9
9

O

Sobhk BLRD

64 [
21 5.8 . 0.
5.1 0.
1.6 1

46

.
Q3
o H
o

34 3.0

6-4 0.5

1.0
1.0

1
0.
2
0.
0.
0-

6.0
57

T
R aHN

14
2.8
77
5.0
5.0

1.0

0.7

1.0
0.8

N
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[SINYY
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of Legume Proteins

AciDS . Method
of
Phenyl- . Methio- [y oonenel Teucine | Isoleucit Vali: estima-
“.:}:ne Cy:A:me "-’:};e r:}:mne e:}:me 50! 5‘:““ aline i
62 10 43 82 5.7 62 M
© 14 C
9.1 o9 34 7.0 5.7 5.2 M
o 03 o e . oo C
8.0 1.2 59 o e 5.0 cC
74 32 34 5.6 54 4.5 M
79 34 31 61 51 4.3 M
68 " 32 2.8 5.6 5.0 3.0 M
o 1.8 . . . [+
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‘TasLe IV,  Amino Aeid Composition

AMINO
Protein
SOURCE -
content | Arginine Histidine! Lysine [Tyrosine T;{f;:
% % | % | % % | %
Pinto bean (I’hauulw
vulgaris) e o 20.5 54 2.9 6.8 - 1.0
Red gram or Pigeon pea
(anamu cajan) . 22 PN e
Red gram® " 25.9 5 34 64 o 0.z
Red gramé? o 221 .. e 09
Red gram 22,0 74 o 100 33 1.1
Red gram, strain No, C-lll" 20.3 13.9 5.3 61 0.8
Red gram, strain No, 371 219 127 4.8 6.2 " 0.4
Red gram, atrain No, 971 233 131 64 54 . 08
Snap bean (Phasedlus
tulgaris), average of
5 varieties® 251
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CHAPTER IlI
SOYA BEAN

Sova BEAN (Glycine max) can be rightly considered to be in a
class by itself in that it is intermediary between legumes and oilseeds.
It contains more protein (40-45 per cent) than most legumes (Table V)
but less fat (20 per cent) than most oilseeds®. It is said that as firmly as
the history of development of man in the western world is related to
bread and meat (animal protein), his history in the eastern world is
linked up with millet, rice and soya bean (vegetable protein). From
time immemorial, soya beans have supplied, in the form of soya bean
milk, soya-cheese and baked goods, a substantial part of the protein
in the diet of the Chinese and other far eastern people®®.

During the second world war, soya bean was extremely important
in the wartime economy of the Axis powers® ™®, It has been reported
that the Manchurian production of soya beans alone was sufficient to
provide the Japanese population with their daily requirements of 70
grams protein and the production in Japan could meet the protein
needs of an additional 61 million people®s, With a view to overcom-
ing the critical shortage of protein in their wartime food economy, the
Germans developed a high quality soya bean flour, popularly known 2s
“‘Edelsoja®. Though considerable quantities were also produced in the
United States®®?, only a small fraction was used as human food?
and even this quantity decreased after the war™. The chief virtue of
soya bean, as a source of dietary protein, lies in its comparative cheap-
ness” W12 making its inclusion in low cost diets a feasible proposi-
tion'. Its p ialities in under-developed countries like Malaya®,
Indonesia®® and Paraguay' have been realized, as also the need for
popular propaganda in the Philippines" and India®,

Protein content: The protein content of soya beans and soya bean
products is presented in Tables V and VI, Soya beans and high-fat
(full-fat) soya bean flour or grits have a protein content of more than
40 per cent, medium-fat flour or grits, more than 45 per cent and low-
fat flour or grits, more than 50 per cent”*, Considerable varietal
variation in the protein content of soyabeans has been reported!»® #19:20,
but whether environmental conditions and soil fertility have a similar
effect is a subject of controversy™ 1%,

Amino acid composition: The amino acid composition of
soya bean protein is presented in ‘Table VI. Except for a deficiency of
methionine™* and cystine™™, soya bean protein is well balanced with
respect to the other essential amino acids®™. = Since the availability of
methionine™™, as well as cystine?* ™ %% increases with optimal heat
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The gross supplementary value of soya bean to the poor rice diet*
has not been found to be greater than that of any one of the common
Jegumes when cooked and consumed as a pulse®. It has, however,
been recently reported that, when optimally heat-processed, soya bean
is significantly superior to Bengal gram (chick peas) in its supplementary
value to the poor rice diet®,

The supplementary relationship between soya bean protein and
sesame protein is presumably due to the mutual making up of the defici-
ency of methionine in the former and lysine in the latter™®!; this mix-
ture has potentialities for wide application in practical nutrition.

Processing: Soya bean offers the most striking example of a
material whose protein value is improved by optimal heat-processing®®.
As early as 1917, Osborne and Mendel observed that while animals fed
diets containing raw soya bean grow slowly, heat-processing of the soya
bean improves their growth to a remarkable extent®. This observation
has since been confirmed by a number of workers using the rat™*
2340378893 the mouse™, the chick®™ ' # or the pig™ as the experi-
mental animal. Human metabelism studies have shown that the nitro-
gen retention in adults fed enough soya bean flour to furnish 75 per cent
of the protein in their diet is about 20 per cent greater with autoclaved
than with raw flour. It has been reported, however, that drastic
autoclaving, in contrast to optimal heat-processing, has a deleterious
effect on the nutritive value of soya bean protein®® 28-0% 86: 0293,

Since soya bean flour and grits are not consumed as such, but in
the form of cooked foods and since overcooking may eventually impair
their protein value, it is not usually heated to the extent necessary to
obtain maximum nutritional value* ® ., In processing soya bean, itis,
therefore, customary to prepare a line of flours that have received
limited heat treatments depending upon the type of product in which
they are to be used®.

Utilisation: The importance of processing, apart from nutritional
considerations, also lies in debittering soya bean productsl®# 1185 8195
removing their characteristic beany flavour %% and generally improv-
ing their palatability. Several methods of processing soya bean into
human food have been described in the literature and among the pro-
ducts, soya bean milk®® 18 3629810 g1d gqya bean curd® ¥ 1% 85 10116
are the best known. The value of soya bean milk in feeding infants®
10410, particularly those allergic to animal milk® 13031 hag heen
amply demonstrated. The extraction of protein from soya bean with a
view to fortifying different food products has also been advocated?.
Soya bean sauce and other similar products represent pre-digested
protein foods that are both palatable and wholesomet2'118,

® Refers to the diet of the lower income groups in South India; it 37
predominantly of polished rice and small amotmnts of Tegurmes, Vegetables, vepetasle
oil and common salt, but little milk or other foods of anumal ofigin. e
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processing, correspondingly the extent of deficiency with respect to
these.ammo acids also becomes less,. However, supplementation with
methionine increases the protein efficiency of raw, as well as optimally
processed soya beans, showing that even the protein in the latter is some-
what deficient in methionine®. Optimal heat-processing also increases
the rate of enzymic release of essential amino acids®'* including methio-
nine®,

Soya bean protein is a good source of lysine® % and compares
favourably with the other legume proteins in this respect. It is also
rich in valine® %, Heat-processing inactivates the lysine present in
soya bean protein to varying extents®®. Drastic heat-processing brings
about the destruction of lysine™ 3%, cystine®, arginine® and trypto-
phan®.

Csonka and Jones™ ® observed considerable variation in the tyro-
sine, tryptophan and cystine contents of different varieties of soya beans
and suggested that selection and breeding may lead to the ultimate
development of varieties with a highly balanced amino acid make-up®
Recent investigations have, however, failed to reveal any significant
varietal variations in the amino acid composition of soya bean
proteins®™ *, except for small differences in the methionine® and
lysine® contents,

Nutritive value: Raw soya bean protein possesses a low nutri-
tive value®™ -4 and this has been attributed to various factors™
including the presence of heat-labile trypsin inhibitor**™ and a toxic
protein fraction known as soyin®™ 3, as well as a type of indigestibility
whereby certain amino acids are tied up in the protein molecule in sitch
a way that they cannot be assimilated®. The nutritive value of soya bean
protein is influenced by the state of maturity® ¥, but not by variety® ;
it is further reported to be improved on germination®,

The proteins present in optimally heat-processed soya bean flour
possess a high nutritive value® ® which compares favourably with that
of milk proteins*® €2 and is superior to that of the proteins present in
groundnut and cottonseed (Gossypium herbaceum) flours®2,

The value of soya bean protein in the feeding of infants®, adults®
and convalescents® and in the treatment of cases of hunger oedema®™ %,
malnutrition® and kwashiorkor™ has been demonstrated.

Supplementary value: Being rich in both lysine and valine®' %,
soya bean protein is efficient in supplementing wheat proteins™ ™
and is reported to surpass even milk proteins in this respect®® 7
Bread containing soya bean is superior in the quality of its proteins
to plain wheat bread™ * 77 and soya bean protein supplements milk
proteins in the bread formula™ ™, Sl{pplementary relationships have
been observed between the proteins of soya bean and those of

also o
yellow corn™* and rye™.
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TABLE V

NUTRITIVE VALUE OF SOYA BEAN PROTEINS

Protei Nutritive Value
rotein | § o of —
content: i Belo ical Protein
feeding | Biclogi true di- | L1
SOURCE Rgas | fegine PO .nggif,ﬂg'y chciemey
% A ratio
so’z’ bean (Glyrine " 08
Beams 10 08
Sore 10
Soya beant* 5
Soya bean*s " 10 i
Soya bean, rawt B 14 . .
Soya bean, rawi® 8
5 2.0 06
Soya bean, rawi¥! | M2 1 ] 1e
Soya bean, raw®® 0.1
Soya bean, raw, dchulled® | 419 i1 - 07
Soya bean, raw, ground't 18 410 850 | 04305
Soya bean, raw,
powdered'™ 10 10
Soya bean, var. . )
Manchutian® 0.0 10 61.0" 803 070
Soya bean, var. Dengal o S wre | wee | ose
Sova Dean, var. Lyallpur | 328 10 666° | 838 120
¥ 3¢ X
Soya bean, var, Kashmi® | 380 b b1y o B -
Soya bean, vac. Punjab, 424 10 638% | 9320 | 14
sample [# . 10 590t | o20f
Soya bean, var. Punjab, 10 6230 | 90.2¢ { 08¢
sample 119 N 10 573t | 923t
Soya bezn‘ fresh, var.
Titini 329 10 691 853
Soya bezn germinated for
4sh 10 13
Soya bean, var, Htin
gesminated, raw?? 10 14
Soya been, var. Il
immature, raws' o 10 - e 11
Soya bean, var. Illin
mature, raws o 10 o . 0.5
Soys bean, var, Mansoy,
mature, ra 10 0.0
Soya bean, var. Dunfield,
mature, Tawst - 10 . o1
Soya bean, var. Virginia
Brown, mature, raw® ., 10 02
Says bean, vac, Mandarin,
mature, raws? P 106 0.2

1 d

* denotes steam moked diet.
d by human
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Soya bean grits and flour are also finding increasing application in
the humaﬂ diemry 21 8 85 115 12, 85, 91> 96 118, 119, 120, Chieﬂy as n{eat exten-
2> §y 10-121 85, B1s 865 975 1185 119-122 1 15 25 11 120 85+ 914 965 3164 1195 120>
ders’ and in bread
123,128 a“d Other baked prﬂducts 25105 11 125 85 21> 87+ 1165 119, 120, 125-127
f
SUUPS 2; 85 11s 85 91> £85 128, 129’ Pas[e gOUdS 2/ 85 11, 98, 130 and

composite
protein foods™" 1%,
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‘Tante V.

Nutritive Value of Soya bean Proteins

Protel Nutritive Value
0| Level of sHficier
SOURCE gotents | feeding | Biological (Cocficient] protein
e % valie | gestibility | ¢ficiency
° %
Soya bean, autoclavedl,.. | .. 96.5¢ 90.0
Soya bean, autoclaved at
1sn> pr.for 1Smine .. | 31.2 14 13
a bean, autoclaved at
TS tb. pr. for 0minsdte | 312 14 1.3
Soya bean, autoclaved at
S Ib.pr. for 60minst... |  31.2 14 1.0
Soya bean, autoclaved at
15 tb. pe. for 120 mins? | 312 14 07
Soya bean, autoclaved at
151b. pr. 180 mins.** ... | 312 14 03;05
Soya bun, autoclaved at
151b. pr. for 60 mins® | ... 13 67.0 83.1
Soya bean, var. Kashmir,
autoclaved® Ll 3o 10 63.6 9.5
Soya bean, var. Punj
autoclaved, sample 1% | 42.4 10 64.0 940
oya bean, var, Punjab,
autoclaved, sample 118 |  40.4 10 63.8 940
oya bean var, Manchu-
vian, autoclaved at
120°Ct | 400 10 15
Soya bean, var. Manchu-
rian, autoclaved at 15 1b.
pr.for 80 mins.” .| 380 40 0.9
Soya bean, var. Herman,
ground~and sutoclaved
at151b.pr. for 60 mins.® | ... 18 1.1
Soya bean, var: Illini,
ground 'snd  autoclaved
at 15 Ib. pr. for 60mins.® | ... 18 104
Soya bean, ground and
autoclaved at . pr. .
for 90 mins.tt 3 2
Soya bean, ground and
autoclaved at 171b. pr. in
sealed bornb for
mi 18 0.9
Soya bean, var. ilini,
germinated, autoclaved? 10 . e 19
Soys bean, var. Ilin,
immature, sutoclaveds? 10 20
Soya bean, var. Iini,
‘mature, autoclaved .. 10 t7
Soya bean, var. Manso;
mature, autoclaved® ... [ . 10 17
Soya bean, var, Dunfield,
‘mature, autoclaved” 10 - 2.0.
Soya bean, var, Virginia
Brown, mature,
autoclavedst 10 1.6+
Soya bean, var. Mandarin,
mature, autoclaveds .. | .. 10 16
Soya bean, var. Bansci, .
vine-ripened,
heat-processed® ... | ... 10 15

+d




TasLe V. Nutritive Value of Soya bean Proteins

Protein Level of Nutrmve.Vslue
SOURCE SONKENt: | feeding | Biologicat|Coeficient| proy i,
Nx6.25 % valge {Of truedi-| o
% o o " |sestibility | Siciency
% 10
Soys bean, var, Manchu,
380 40 0.6
Snya bcan, wvar, Illini, raw“’ . 13 49.1 78.0 .
Soya bean, var. Herman, *
ground, rawl 18 05
Soya bcan, var, I)lini,
ground, rawts P 18 0.4
Soya hezn var. Bansei,
vmc-npened rawt ., . 10 e 0.6
Soya bean, var. Funks
Dchcwus. vine-ripened,
rawh 10 . 0.5
Soya bean, whole, stored
for 8 to 9 months™ .., 10 62.6 783 -
Soya bean, whole, stored
or 13 to 14 months™ .. 10 66-1 800 .
Soya bean, whole, stored
for 33 to 34 months'™ ... P 10 56.0 75.0 o
Soya bean, graund, stored
for & to 9 months'® ... 10 3.7 857 o
Soya bean, ground, stored
for 13 to 14 months™ ... 10 69.2 84.7 B
Soya bean, ground, stored
for 33 to 34 months™ | 10 640 82.8 e
Soya bean, var, Manchu-
rian, baked at 120°C*... 40.0 106 . 1
Soya bean, dry heated at
120°C for 0 mins.® ... | 312 14 05
Soya bean, dry heated at
120°C for 60'mins." ... | 31.2 14 -4
Soya be:m, dry heated at
120°C for 120 mins." ... 312 14 05
Soya bean, dry heated at
120°C for 180 mins-* ... kitv 14 i e 04
Soya bean, ground, dry
heated at 135°C for 90
mins, 4 - en 18 o e 0.5
Soya hean, cooked™® ... | 37.2 5 94.5¢ 905
Soyabean, steam cookedié 79.9¢ -
Soya bean, steamed for 15
mins. at atm, pr.? 312 14 e - 1.3
Saya bean, steamed for 3
mins, at stm, pr. 31.2 14 o - 12; 14
Soya bean, steamed for
mins, at atm. pr." 312 14 1.3
Soyabean, steamed for 1.
mins. at atm, pr.5? 312 14 1.2
Soya bean, steamed f
180 mins. atatm. pro4,,, | 312 H] 12
Soya bean, steam cooked X
Tor Bmins and S | 415 n 23 %9
ently dried in a curtent X .0
oF air 4 80-90°C 1s o | o
Soya bean, autoclaved®s .. 10 . L5

+d ined by human
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Taste V. Nutritive Valus of Soya bean Proteins
Protei Nutritive Value
rotein -
SOURCE sontents | o | Bictogica |7 o | Frorein
Nx6.25 % value tibili efficiency
% ° % gestibility | “rario
%

Soya bean meal, expeller- ¥
pressed, cookedoverboil- | $5:4 1 26
ing water for 15 mins.”t e b

Soya bean meal, expelfer- '
pressed, cookedoverboil- |  $0:3 1 Xl
1ing water for 30 mins. - b -

Soya bean meal, expeller- .
pressed, cooked over boil- | 309 1 2
ing water for 60 mins.*... " ol d

Soya bean meal, expeller-

ressed, cooked over 494 10 . - 2.1
iling water for 120 50.0 10 - s 23
mins.% ey

Soya bean meal, solvent«
extracted at room 18 0.3
temp.

Soya bean meal, solvent- |  49.4 10 1.8
extracted, uncooked* ... 50.6 10 “ .- 184

Soya bean meal, extracted -
with cold alcohol® ... 49.1 15 . 0.6

Soya bean meal, extracted
with hexane’® 376 15 - 0.4;0.5

Soya bean meal, solvent-
extracted at high temp,

(98°C 18 — 1.2

Soya bean meal, extracted
with hot alcohol? ... | 449 15 0.4;0.5

Soya bean meal, solvent-
extracted, heated™ ... 1.6

Soya bean meal, solvent-
extracted, heated!®® ... e e 14

Soya bean me;\l solvent-
extracted, heafed® ... e 61-0; 68.0 84.0 e
Soya bean meal, solvent-
extracted, baked as e 10 20
biscuits : 23
Soya bean meal, solvent-
extracted, baked as 43'3 1o 19
griddle cake® 50 10 - o 2.0
Soya bean mes), solvent-
49.4 10 1
extracted, baked as pie s e -8
crustt Pel soe 10 19
Soya bean meal, extracted
with celd alcohol and
steamed st atm. pr. for
ins.? | 491 15 11
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TasLe V. Nutritive Value of Soya bean Proteins
Protein Nutritive Value
. | Level of
SOURCE CI‘.{;:ZHZ'S feeding Blol(;glcal C°°$i'§:“ ﬁim“in
o o valu e
% % o gesl;/l:lhty ety
Soya bean, var. Funks
Delicious, vine- npened
heat-processed” o 10 e ... 4
Soya bean cake'® e .. - . 853+ -
43 5 780 wen
Soya bean meal 10 64.0
Soya bean oil mealn 10 .
Saya bean meal, raw® 9 53.0 81.0
Soya bean meal, rawt o~ 49-6 67.0 .
Soya bean meal, heat-
processed® 9 n.o 840
Soya bean meal, heat-pro-
cessed (* Soma meal” s m o 63.3 71.0 s
Soya bean meal, var. mmx.
expe”er—prcsscd at_high '
temperature (150°C) ... - 18 . . 0.8
Soya bean meal, expeller- o
pressed at low temp. | I oz
{05°Cse ot o 18 P e -
Soya bean meal expeller-
pressed at medium
temp. (130°C)% 18 12
Soya bean meal, expeller- 10 1.2
arsesséc; at high t:mp o 18 510 87.0 15
Soya bean meal, hydraulic-
Fressed at low temp. 13 ) O;S
Soya bean meal, hydrauhc-
pressed at medlum
temp, (105°C)* .- - 18 .- v 11
Soya bean meal, hydraulic-
pressed at hxgh temp.
(121°Cym 18 . 1.2
Soya bean_ meal, expeller-
pressed, baked as 0.4 10 24
biscuit? ' o
50.0 10 22
bean meal, expeller= | 4o 0 10 .7
ressed, baked as y o 21
Eriddie cakert 500 10
Soya bean meal, expeller- y 1 . e 1.6
pressed, baked as pie ;3,3 13 23
crust®
bean meal, expelier~ 49.4 10 - 1.7
s°§f=ssia" uncooked” ... 50.0 10 - 1.6
+ d by numan b




‘Tante V. Nutritive Value of Soya bean Proteins
. Protein Nutritive Value
. Levelof | -
SOURCE content: | °f o ding | Biological Protein
NxEZ | T, value | escibitity | eficiency
o
% % ratio

Soya bean ﬂour, defatted,

optimally heat

processed® 54.1 1 - 20
Soya bean flour, defarted,

over heated®s 555 1 . - 1.8
Soya bean flour, partially

exploded®® 420 10 .2 95.6 ane
Soya bem flour, fully

exp] 418 n.2 93.4 e
Soys bean n'ulk“ 4.4 ae ase 19
Soya bean milku: 93.9+ 89-6+ e
Soya bean milkis 85.01
Soya bean milki® - 80.01 s
Soya bean milk,

commercial® - 953t | 89.6¢
Soya bean milk (from

beans gérminated for 48

hrsJio0 s 10 e o 14
Soya bean curd 150 10 17
Soya bean curd1et 3 64.0¢ 79.0¢
Soya bean curdt " e 10 65.0 96.0 .

ya bean curd,

autoclaveds e 10 o Loo 1.6
Soya bean protem‘“ . o 81.0¢ 89.04 o
Soya bean prote;

exmcted-(glycmm)“ e . 10 . - 1.6

td d by human metaboli

67



Tasrs V, Nutritive Value of Soya bean Proteins
- | Nutritive Value
cP’z:;‘:l- Levelof . . Coefficient
SOURCE eS| fecding |Biological Pratein
Nx6.25 valge |of truedi- ff
% % W eestibility | ficiency
P % % tio
Soya bean meal, extracted
with hexane and steam-
ed at atm. pr. for 30
mins.» 376 15 1.2; 1.4
Soya bean meal, extracted
with hot alcohol and
steamed 8t atm. pr. for =
30 mins.m .| 449 15 | 11514
Soya bean meal, solvent-
extracted, cooked over 49.4 10 P 21
boiling water for 15 50.6 10 e i 29
mins.M o
Soya bean meal, solvent-
extracted, cooked over 49.4 10 . aae 2.0
boiling water for 30 50.6 10 . 28
mins. M Iy
Soya bean meal, solvent-
extracted, cooked over 49.4 10 o 22
boiling water for 50.6 10 o e 27
mins.* e
Soya bean meal, solvent-
extracted, cooked over 494 10 . 2.2
~ boiling water for 120 50.6 10 . s 21
mins.® v
Soya bean flour™ e aee 1.7, 1.8
Soya bean flour? g . 15
Soya bean flour’t 935t N
Soya bean flour!4s H 85.0 1.8
Soya bean flour e 81.5 .
Soya bean flourl® - 8501 ..
Soya bean flour? . e - 91.01
Soya bean flour? o ! 91.9¢
Soya bean flour, raw®® 42.5 10 594 84.8
Soya bean flour, edibleti e 8 730 90.0 s
Soya bean flour, 9 e . 24
expeller-pressed®t 497 15 o I 17
Soya bean flour, cookeds® s [T 940t
Soya bean flour, low-fat®? 48.7 10 oon 23
9 . . ;2
Soya bean_ flour, l'ugh-fat 3 11 e o g
VEdelsojann 45:5 i . 13
Soya bean ﬂour, defatted,
‘3',,1,b A R 1 . 08
ur, N
sny}r':ldl;anhe:t-pmcessed“ 536 1 e s 1.5
+d d by hurnan
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OF SOYA BEAN PROTEINS

Acins Method
. of
Phenst | Cptine | Methio Irpreonine| Leucine |Tsoleucine] Valine | Fstima-
e | T% o % % % % tion!
MM

M

[

c

c

M

C

MM

M

M

M

c

4.7 1.6 37 79 6.2 53 M
50 14 40 7.8 53 54 M
51 - 14 39 79 5.3 5.3 M
50 14 39 79 5.3 54 M
49 14 41 79 54 5.3 M
18 13 38 79 5.2 5.3 M
5.0 1.5 40 7.9 52 54 M
5.1 13 37 7.6 5.2 54 M
51 15 40 80 5.4 5.4 M
5.2 14 40 8.0 53 53 M
5.1 . 14 38 81 54 5.3 M
5.0 14 36 80 5.2 5.2 M
52 14 3.9 81 53 5.4 M
52 . 15 4.0 85 5.4 5.5 M
52 . 15 3.9 7.9 55 53 A

MM: Miscellancous).



TABLE VI, AMINO ACID COMPOSITION

AMINO
SOURCE Somte | avatatne | Fiviaine] 2. Treine| TR
rginine | Histidine] Lysine osine
O | % f o
a

Soyabean ( GI;\ ‘cing max)tss ...
Soya bean!

Soya bean, raw?!

Soya bean, raw's

Soya bean (12 varjeties)*

Soya bean, var. Hawkeye¥

Soya bean ‘caketse o

Soya bean oil meal®?

Soya bean oil meat®s, 19

Soya bean oil meal, raw®! .,

Soya bean meal, expc]led‘

Soya bean oil meal, solvent-
extracted?!

Soya bean oil meal, solvents
extracted!®

Soya bean flakes, solvent-
extracted, var,

Acadian®®, 3 e

Soya bean flakes, solvent-
extracted, var.

Arksoy®. 3 e

Soya bean flakes, solvent-
extracted, var.

~A3-176%,

Soya bean flakes, solvent-
extracted, var,
A3K-88420, 38 e

Soya bean flakes, solvent-
extracted, var,
A4-107-130, 3

Soya bean flakes, solvi
extracted, var, Chlef"’ il

Soya bean flakes, solvent-
ex!racted var,

N.S.2, %

Soya bean flakes, solvent-
extracted var, C-46330, 3¢

Soya bean flakes, solvent-
extracted, var,
‘Earlyana®, 3¢

Soya bein flakes, solvent-
extracted, var.

Gibson ¥ 3

Soya bean flakes, solvent-

extracted, yar, FI-51,39 _,

Soya bean  flakes, solvent-
extracted, var,

Lincoln®; 3

Soya bean flakes, solvent-
extracted, vat,
Lincoln No. 3%, %

Soya bean flakes, solvent
tracted, var. Mamloxi®® w

48.9

509

488

472

48.0
482

50.8
47.2

488
482

494

46-4
49.5

78

76

79

81

8.0
7.8

7.9
75

77

7.5

72

75

23

2.3

2.3

23

22
23

24
24

23
23

22

23

2.3
2.4

6.5

6.7

6.9

6.5
66

6.0
69

67
6.9

6.5;6.7

6.7

67
71

1.5
1.6

1.6
1.6

16
15

68

#(C: Chemical; M: Microbiological;



OF SOYA BEAN PROTEINS

ACIDS Method
of
Phenyl- ; Methiow " . . . Estima-
alanine Cy:/tme nine ’I‘hreo;mne Lel:cme Xsols}xcme Va.}/me s
% /o % o o o o
19 2.0 4.0 MM
5 11 33 M
18 1.1 e c
o 2.0 e C
. 0.5.0.9 . C
1.0 M
11 e C
17 39 MM
33 M
1.3 38 M
0.8 46 M
22 . - [
47 - 1.6 37 7.9 6.2 5.3 M
50 14 4.0 7.8 53 54 M
51 . 14 39 79 53 53 M
5.0 . 14 39 19 53 54 M
49 - 14 41 79 54 53 M
4.8 - 1.3 38 79 52 53 M
50 15 40 79 52 54 M
5.1 o 13 3.7 76 52 5.4 M
5.1 - 1.5 4.0 8.0 5.4 54 M
52 14 4.0 80 53 5.3 M
51 . 14 38 81 5.4 53 M
5.0 - 1.4 3.6 8.0 5.2 5.2 M
5.2 o 1.4 39 81 53 54 M
52 " 1.5 4.0 8.5 54 5.5 A
52 1.5 39 7.9 55 53 A

MM: Miscellancous).



‘Tapre V1. Amino Acid Composition

AMINO
Protein
SOURCE
content | Arginine | Histidine/ Lysine |Tyrosine Teypto-
% A % %, % phan
%
Soya bean flakes, solvent-
extracted, var. -
N-44.92%8, 38 49.0 7.6 2.5 67 15
Soya bean Rakes, snlvem-
extracted, var.
N#4.774%, 30 oo ! 464 79 |- 24 6.7 1.6
Soya bean flakes, solvent- .
extracted var. Ogden® 8. 47.8 7.5 23 68 e 14
Soya bean flakes, solvent- .
extracted, var, B
Richlang?, 2 464 83 2.4 63 "6
Soya, bean ﬁaku, solvent- o
extracted, var, . i
Roanoke: 474 7.6 25 63 e 15
Soya bean flakes, solvent-
extracted, var, S-1C0 %, 500 76 .25 T 6.5 e 1.5

Soya bean  flakes, solvent- ;
extracted (average of 20 .
varieties)®, # 77 23 67 1.5

Soya bean flakes, solvent-
extracted, toasted (avenge
of 5 vanetu:s)*"v .

Soya bean oil meal, properly
heated (4 mins, at 15 Ib.

“
&
n
N
*
EN
&

) 71 2.7 66 12

Soya bean oil meal, over

heated (240 mins. at 151b.”

pr.)% 44 2.8 3.2 1.0
Soya bean flour, defattediii | 583 71 23 54 1.2
Soya bean flour, defatted 1 1.0 36 59 1.1
Soya bean milk?® ] 44 .
Soya bean curd® o | 150 549 . e e e
Soya bean prot wholet®? - e . -.3.8
Soya bean gl o 83 2.2 54 39
Soya bean gl - s 5.1 14 2.7 1.9 1.9-2.8
Soya bean gl . . 8.1 14 91 1.9 17
Soya bean glyc . 11.8 3.8 44 5.6
Soya bean glycinin!®? o 81 1.4 9.1 e 13
Soya bean gllycmm‘;;o e . 51 14 2.7 1.9 ase
Soya bean glycinin .

arioties) .| l o | 3946 | 1928




of Soya bean Proteins

ACIDS Method
Ny of
Phenyl- | ooyine | Methios |rpreonine] Leucine |Isoleucine| Valine | Estima-
alanine of mine "7, o o % tion
% o % % % o
3 o
52 14 40 82 53 55 M
5.1 14 4.0 80 53 52 M
53 13 3.8 82 55 53 M
48 14 38 80 52 52 M
52 14 3.9 80 52 52 M
51 14 3.8 8.0 5.3 53 M
51 14 39 20 53 53 M
50 14 40 77 53 53 M
52 . 14 39 76 51 52 M
51 39 78 5.1 M
53 39 74 46 M
54 52 76 5.4 MM
52 100 26
g.g 92 1.6
- 85 0.7
3.9 85 07
38 9.0 1.6
39 X " 07

7
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CHAPTER IV
OILSEEDS

O1LsEEDS, in general, form highly potent sources of proteins. They
assume special significance because of their abundance in the very
regions in which there is high incidence of protein malnutrition’. It
has been estimated that the annual world production of oilcakes is
of the order of 20 million tons®.  In spite of this, very little of the oilseed
proteins find application in human nutrition even at the present time® %,
A fair part is used in a crude form as animal feed®*® and the rest is
used as manure for crops® #'°.  The latter use is highly wasteful.

‘The main reasons for this anomalous position are the following:
(1) most of the oilseeds, besides containing high percentages of oil, are
also associated with fibre and other constituents which render the seeds
difficult to digest by themselves™ 2, (2} the oil being the most readily
marketable component of the oilseed, little attention is paid to the resi-
due, even though it ins a high p ge of valuable protein® *33;
(3) the technique of oil extraction has, so far, been invariably crude
and drastic? with the result that the protein in the residue is not only
denatured to 2 large extent but also rendered unusable because of its

ive colour and admi with a variety of impurities® % 1;
(4) lack of cheap and easy methods for the extraction and concentration
of the proteins and (5) the general impression that eilseed proteins, as
a class, are of an inferior type, being deficient in a number of essential
amino acids and consequently of a lower order, in nutritive value,
than animal proteins.

These impressions are, h "y dually changh Evid is
increasingly coming to light to show that many of the oilseed proteins are
nutritionally of a higher order than was at first supposed and that they
can mutually supplement each other to yield balanced combinations!™ 18,
New methads of processing oilseed cakes into human food are also
«coming to the fore™* and in course of time, even isolated proteins®,
as also suitable combinations of these, will be available in substantial
quantities. With such developments, oilseed proteins are soon bound
to assume greater importance in human nutrition? 23,

CasTor BEAN (Ricinus communis): ‘The kernel contains 23 per
cent protein and the expeller-pressed cake from the decorticated seeds
46 per cent protein®.  The main protein of castor cake is a globulin":
In addition, castor cake i lbumin, ricin, in a concentration
of nearly 1.5 per cent®. Ricin has been shown to be highly toxic to
man and animals, 0.18 gram, corresponding to 6 castor seeds, bein,

lethal to man®'. 'The detoxication of castor bean cake by the h;-dmly—
tic d of all the ined ins has been p &=,
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Other methods have also been developed for destroying ricin®* %, but
until these methods are shown to be fool-proof and can be applied on
a large scale, there is not likely to be much scope for using castor bean
protein in animal or human nutrition.

Coconut (Cocos nucifera):  Coconut is a poor source of protein
as compared with other oilseeds (Table VII), but coconut meal protein
itself has a comparatively high biological value™ %, particularly if the
oilseed is not subjected to high temperatures during the extraction
process’. Coconut meal protein is not deficient in cystine®® and is, be-
sides, a fairly rich source of lysine® *! and tryptophan®, but its methio-
nine content decreases on storage®™. The gross supplementary value of
coconut to rice™ 3%, and tapioca® (Manihot esculenta) diets has beeri
demonstrated.  Coconut flour has been reported to be a satisfactory
adjunct to wheat flour in baked products™, -

CotToNsEED (Gossypium herbaceum): The vast production of
cotton in different parts of the world yields large quantities of
cottonseed, the kernel of which can be pressed or extracted tc yield a
protein-rich meal* ¢ 3-8, "The protein content of whole cottonseed
is 15-20 per cent; of whole cottonseed cake, 25-30 per cent; of dehulled
cottonseed kernels, 30-35 per cent; of dehulled cottonseed kernel
cake, 40-45 per cent; and of solvent-extracted dehulled cottonseed
flour, 55-6o per cent (Table VII). .

Amino acid composition and nutritive value: The amino
acid composition of cot dp is presented in Table VIII. The
deficient amino acids are lysine® and to a lesser extent, methioninet®#
and cystine®. Marked variations in the availability of individual
essential amino acids have been observed in the case of the proteins of
cottonseed flour. Although g3 per cent of the arginineis available
(to the rat), only 65 per cent of the lysine is available; the values for the
other essential amino acids range within these extremes®, The methio-
nine in cottonseed protein is, however, reported to be completely
available for chick growth®. The digestibility of cottonseed meal
proteins is low if the hulls are also included in the preparation of the

Cottonseed proteins possess a fairly high biological va(l;xe“:,

meal',
being slightly superior to groundnut proteins in this respect™. )
though inferior to soya bean proteins® * ¢, They have a definite
supplementary value to wheat proteins™*,

Detoxication and utilisation: The use of cottonseed meal
2s anjmal feed or human food is hampered by the presence of a phenolic
constituent, gossypol, which is toxic to non-ruminants® o "'5‘: D}ﬂ'erent
methods have been employed for its detoxication, all of which involve
heat-processing to different extents® * 5, Cottonseed proteins are
quite sensitive to heat injury. Heat-processing has been r;&grted to
fower their digestibility®™ %, as well as their buzloglcal value®®, The
problem of the cottonseed crushing industry is, therefore, to process
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the seeds under conditions drastic cnough to detoxify them but not

too drastic as to adversely affect the quality of the proteins®, Wide

variations have been reported in the nutritive value of commercial

cottonseed meals, depending on the extent of binding or removal of

the gossypol and the extent of heat injury to the protein® ¢,
Carefully prepared cottonseed flour can be used as human food in

diverse ways" ¢'%%, It has already found wide application as an enriching
p in bakery products® % ©,

GROUNDNUT or PEANUT (Arachis hypogea): Raw groundnut con-
tains 25-30 per cent protein, the expeller-pressed cake, 45-50 per cent pro-
tein and the solvent-extracted flour, 55-60 per cent protein (Table VII).
Groundnut hearts or genms, frequently separated from the rest of the
kernels before processing for edible uses, represent about 2 per cent of
the whole kernels by weight and contain 25-30 per cent protein®.

About 82 per cent of the nitrogen present in groundnut is
accounted for by the two globulins, arachin and conarachin, which
occur approximately in the ratio of 3:1% %",  Arachin alone, as the sole
source of protein in the diet, does not support normal growth in
rats® ®,  In vitro digestion with pepsin and trypsin shows that it is
not readily digested™. Arachin is deficient in methionine® % and
tryptophan # % % 7 and possibly alse in threonine™ and isoleucine ™ %,
Addition of methionine greatly improves growth on arachin diet
and further addition of tryptophan produces even better growth,
but still less than that on casein diet, indicating a third deficiency in
arachin®. Conarachin, on the other hand, is an excellent protein for
the growth of rats® ™ and is rich in those essential amino acids in.
which arachin is deficient®” . A mixture of these two proteins in
the same proportions in which they occur in groundnut enables animals
to grow at a satisfactory rate®™ ™, We have here an interesting
le of protein suppl ion within the same seed®”.

p

Amino acid composition: The amino acid composition of
1 ns i d in Table VIII. The limiting

476 7 Secondary deficiencies are
-,1 isoleucine™. Methion

| 4 8 p
amino acid is methionine®* **
lysinet™” 77 and possibly also th and >
as well as lysine™ present in groundnut proteins has been reported
to be almost completely available for chick growth. The availability
of all the essential amino acids for the rat is uniformly high in the case-
of groundnut proteins, ranging from g5 per cent for threonine to 99
per cent for arginine®,

Nutritive value: In digestibility, the proteins of d.
compare well with other proteins® %, There are a few erepurls in
the literature to the effect that they are equal to several animal proteins
in biological value®™ ™8 and superior to certain first class plant proteins
like rice proteins®. Such reports, however, appear to be exaggerated..
In general, groundnut proteins may be regarded on a par with other-
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oilseed proteins™ ¥, their nutritive value being lower than that of
milk proteins®™ " #8, meat proteins®® and egg proteins®™®. An
interesting observation is to the effect that while at g per cent level of
protein in the diet, the growth-promoting value of groundnut proteins
is somewhat lower than that of the proteins of cottonseed and
soya bean flours, at 15 per cent level reverse is the case®™. As in the
case of soya bean, the protein value of groundnut in the raw state is

adversely affected by association with a heat-labile trypsin inhibitor®® ¥,
d

Supplementary value: The suppl y value of g
Pproteins to wheat proteins has been demonstrated by a number of
workers” # ¥ 8%, As supplement to wheat proteins, groundnut
proteins are inferior to skim milk proteins®, soya bean proteins® and
meat proteins®, but superior to cottonseed proteins™. Supplementary
relationships have also been observed between groundnut proteins on
the one hand and oat proteins®, corn proteins® ** and rice proteins™ %
on the other. . :

Groundnut flour has been shown to supplement poor diets based
predominantly on tubers fike tapioca and sweet potato®*? (Ipomeoa
batatas).  As for the gross suppl y value of groundnut flour
to poor rice diet, the results of experiments with rats® and human
beings® appear to contradict each other.

Processing: The roasting process employed in preparing
groundnuts for diverse food uses® has no effect on the amino acid
composition of the proteins® and, unless too_drastic, does not alter the
nutritive value™ ® %1%, The literature on the effect of expeller-pressing
on the nutritive value of groundnut meal proteins is hat contro-
versial'® # 191 Conptrolled heat and steam treatments are reported to
enhance the nutritive value of expeller-pressed groundnut meal, in

parison with the unheated and the overheated meals™ ", It has
been suggested that the lower nutritive value of the unheated meal may
be due both to the unavailability of the sulphur amino acids and to the
presence of trypsin inhibitor'®. In the case of the overheated meal,
partial destruction of the sulphur amino acids®, but not impairment in
the availability of lysine™, is reported to be the contributing factor.

Groundnut flour: Commercial groundnut cake is bl
for use as human food because of the impurities and grit generally
associated with it? ®,  The tannin material in the red cuticle contri-
butes to the bitter taste of groundnut flour prepared from groundnuts
which have not been decuticled®. If the kernels are carefully selected
and the cuticle is removed before pressing, it is possible to obtain a
Jight coloured expeller cake that yields an attractive flour® 10810,
“The groundnut flour itself keeps for at least 5 months'®, bl..lt the

processed products have been known to keep ml.l.Ch longer without
any deterioration®® ¥, Solvent extraction can yield a good edible

meal with high keeping quality'® 107109,
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Human feeding trials: Human feeding trials carried out in
different parts of the world have shown that groundnut or its pressed
cake (containing less than 1o per cent fat) is well tolerated and easily
assimilated at low levels (of 1 to 13 ounces per day)™ 1, though some
can tolerate even higher levels® ™ 1, There is already evidence to
show that ground and gr ducts can relieve conditions
of hypoproteinaemia and famine oedema as were encountered in vast
areas during the sccond world war™,  The value of groundnuts as a
<concentrated source of dictary protein has been appreciated in various
under-developed countries of the world!® 200 1om ai-13,

Utilisation: ‘The ideal method of utilisation of groundnut
protein as human food would be to produce groundnut protein in a
nearly fat-free condition® and to utilise it for enriching various types
of foods. 'Till such time as this becomes commercially feasible, the
next best procedure would be to use carefully prepared expeller-
pressed groundnut flour. This is already being incorporated in a variety
of baked products* including leavened® #8911 LE-US a5 well as unfeaven-
ed® bread, biscuits® 107 29 2 116 117 pagyry®00 8 114 118 gy powders® # 2
1 2 meat products?, candies™ ¥, malt food™ and multipurpose
food™ 1%, Incorporation with starchy foods like tapioca to make
edible flourst®: 142/ 122 fortified grains™® * 3 and macaroni products’®
has also been carried out. Other forms in which groundnut protein
can be utilised as human food include groundnut {peanut) butter®™ 1%
2 sroundnut milk!® 719, curdi 132, sauce’™ and hydrolysate®t 130 135

Linseep or Frax Seen (Linum usitalis ):  The protei
in linseed meal possess a fairly high digestibility® and biological
vafuets 2% 127 Tt has been reported that expeller-pressing improves
‘the nutritive value of linseed proteins to a slight extent®. Lysine is
the principal amino acid deficiency in the protein®®. It is also deficient
in cystine™ ™, but is an excellent source of tryptophan'®., Linseed
meal is iated with a cyanogenetic gh ide!*® which can be
destroyed by dry heat'®, moist heat“” ™! or even by mere contact
with water for some time'®, Special processing methods should be
‘developed for rendering the meal safe and suitable for human consump-
tion. It has been suggested that the toxicity of linseed meal is also due
to the fact that its ingestion produces 2 deficiency of one or more of
the B-complex vitamins'®, particularly pyridoxinetst,

Paryt KerneL (Eloeis guineensis): Palm kernel cake contains 1 5-20
per cent protein which by itself is reported to have a nutritive value
approaching that of casein. ~ Palm kernel protein is richer in lysine!s
than other oilseed proteins and, as such, would be an ideal supplement
to cereal proteins and could also supplement groundnut proteins,

Porpy StEp (Papaver somniferum): The protein contents of
-different Hungarian varieties of POPPY seed vary from 21.4 per cent to
28.0 per cent'™ and of Indian vzn:tlis, from 22.3 per cent to 24.4 per

.



cent'™.  The defatted meal contains 38 per cent protein'®, The
protein possesses a moderate biological value and digestibility'*® and

ins useful of the sulp} ining amino acids'®,
The meal is free from any toxic principle! and may lend itself to pro-
cessing for human food,

RapEsEED (Brassica napus):  Rapeseed meal has a good protein.
value*®, but is toxic because of the associated glucoside which gives
rise to crotonyl isothiocyanate*®, The toxic principle is heat-labile!?
and as such, the toxicity of rapeseed meal depends on the degree of heat
treatment to which it is subjected during the oil extraction process™®,
Improved methods are needed for detoxifying and processing the meal.

SAFFLOWER Seep (Carthamus tinclorius): Safflower seeds are
edible and are eaten after roasting®™. The pressed cake, after removat
of oil, contains 22-35 per cent protein' %, It has been reported that
with the exception of lysine and valine, safflower seed proteins are richer
in the other essential amino acids than casein??. There is, however,
somewhat contradictory evidence about the biological value of the
protein® #0352 The digestibility of the protein in some samples of
safflower seed cake has also been observed to be Iow™. It is necessary
to carry out more exhaustive work both on the acceptability of safflower
seed meal as human food and on the nutritive value of its proteins before
its potentiality as a source of dietary protein can be correctly assessed.

Sesame Seep (S indicum): 8§ seed ins 20-25
per cent protein'™ and the oilseed cake, 30-48 per cent protein® %~
421 By jtself, sesame protein has about the same nutritive value
as groundnut protein® and heat-processing is reported to have a
deleterious effect!®™. Sesame protein resembles linseed protein in
being rich in tryptophan'® and has, besides,  high methionine content!”
4185, As such, it is a valuable suppl to bl ins which
are normally deficient in these amino acids. Methionine in sesame pro-
tein has been found to be completely available for chick growth®. The
supplementary value of sesame protein to soya bean proteins® %
groundnut proteins®® and to the mixed proteins of groundnut and
soya bean'® or groundnut and legumes® has been demonstrated.

Sesame meal is thus a very useful protein supplement both by

itself or in combination with other oilseed meals. Sesame is 2 common.
article of food in the dietaries of Egypt*””, China'™ and certain parts of
Africa’®. Sesame meal is already finding application in correcting
protein malnutrition in Central America™.  The main’ problem is E&c
preparation of an attractive meal free from odour and bxttemei§ d
1f this can be achieved, there should be iderable scope for

the use of this valuable source of protein. Protein hydrolysates based.

on sesame cake also offer possibilities®,
Helianth }: The juction of sun-

SunrLOWER SEED ( " proc 1 of s
flower seed in different parts of the world is steadily increasing?®™ 1%
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The seed cake obtained after extraction of the oil contains 40-60 per cent
protein™ 41 1612183 184 which, like sesame protein, is rich in methionine!*
15016518 ¢}, sugh somewhat deficient in lysine!™ %1%, Sunflower seed
protein, too, is sensitive to heat injury®®; when prepared by solvent ex-
traction at low temperatures (less than 75°C), the seed meal contains
proteins of fairly high biological value”. The digestibility is high'™,
being similar to that of milk proteins™?, Its growth-promoting value is
also reported to be high'®, being of the same order as that of animal
P Tike casein, lactalbumin and beef protein and superior to that of
the proteins of defatted groundnut meal, soya bean, bakers’ yeast or blood
meal'®”, Sunflower seed protein supplements cereal proteins®, ground-
nutprotein®**butnot soya bean protein®. The flour can be incorporated
in bread up to an extent of 2o per cent and can also be used as an
enriching component in other baked products™ **%. Milk prepared from
sunflower seeds has been successfully used in infant feeding'™.

Mivor Orseeps: Recent changes in cultural practices with the

(Nicotina taub )are expected tomak ilable a iderabl
quantity of mature tobacco seed for oil extraction'™. Cold-pressed
tobacco seed meal contains about 30 per cent protein, the nutritive
value of which is low because of its deficiency in lysine', Different
proteins supplement tobacco seed meal proteins to varying extents'™,
In view of the extreme susceptibility of tobacco seed ol to the develop-
ment of rancidity'”, complete defatting with solvent will probably
be necessary before tobacco seed meal can be suitably processed for
human consumption,

Edestin, the protein present in fibre hemp seed (Cannabis sativa)
has a low nutritive value™ ', being deficient in lysine!® 1% and,
possibly, also in cystine’™. Further, it is extremely sensitive to heat
injury®®®, Proteins from the pressed cake of the tomato seed (Lycoper-
sicum esculentum) supplement com proteins, though notto the same extent
that soya bean or groundnut proteins® do. Extracted beech mast
kernel (Fagus sylvatica) is rich in proteins and has been used as human
food in Rumania; it is reported to contain an alkaloid, fagine, toxic only
to horses and asses'™.  Kamala seed (Mallotus philippinensis) cake is
also a rich source of protein but its suitability for human consumption
still remains to be ascertained'™.

Coroso oil meal from the Coroso palm (Acrocomia aculeate), which
grows wild throughout a considerable part of tropical America, has
been shown to contain proteins of higher biological value than sesame
meal or cottonseed meal'™. Among African minor oilseeds, the seeds
of manketti fruit'™ (Ricinodendron rautanenii) grown south of Angola
and those of the Egyptian balsam fruit™ (Balanites asgyptiaca) grown in
French West Africa are important as potential sources of dietary protein.
Manketti seed protein is similar to groundout protein in nutritive
value™, Egyptian balsam seed protein is reported to be deficient in
Iysine, tryptopt hionine, threonine, isoleucine and valine!®,

£
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TABLE vII
NUTRITIVE VALUE OF OILSEED PROTEINS

Nutritive Value

Protein Level of
SOURCE Sqntents | feeding | Biological Coeflicient] prorein
% % value | gestibitity | <ficiency
o % 0
Coconut, defatted (Coros
nucifera)?h 181 e 162 10 77.2 93.8 1.0
Coconut meali® 5 77.0
Coconut meal!® e . 10 e s 12
Coconut (copra) meal®® ... . o 69.0 89.0 o
Coconut meal, solvent- :
extracted at low temp.’ 207 10 70.7 86-1 e
Cottonseed kernel H 70.5 75
s 38 10 64.7 713
185
(Gossypium herbaceum) 5 §3.7 783 [
Cottonseed kernel,
germinated'® 10
Cottonseed mealt! . 8
Cottonseed meal!? m 10
Cottonseed meall®? e 3 10 o
Cottonseed meal**! 81.0 A
Cottonseed meali®* e . 10 66.0 » e
Cottonseed oil meal, 45.1 9 2.1
expeller-pressed® * 15 . e 1.7
Cottonseed meal, screw-
pressed™® 0.5-2.3
Cottonseed meal, ether- [ 507 13 - 2.0
extracted, raw®? . 25 - - 18
Cottonseed meal,
extracted® . [649;750 10 29;25
Cottonseed meal, solvent-
extracted at low temp.® . " 2.5
Cottonseed meal, cooked
for 26 mins. at a max.
temp. of 180°Fs .. [47:0;453] 10 . 22;25
Cottonseed meal, cooked
for 70 mins. 2t a max.
temp, of 180°F8 .| 466 10 - 2.2
Cottonseed meal, cooked
for 20 mins. 2t a max.
temp. of 200°F3* P 4.4 10 o o 23
Cottonseed meal, cooked
for 26 mins. at a mar.
temp. of 200°F5* . 440 10 - s 23
Cottax;secd meal, cooked
for 70 mins. at a max,
omp. of 200°FH .| 453 10 . 20
Cottonseed meal, cooked
for 36 mins. at a max.
x‘:’:np. of 230°F5 463 10 - 20
Cottonseed meal, cooked
ins. at a max.
for T R 453 10 . 20
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Tanee VL. Nutritive Value of Oileeed Proteins

Protei Nutritive Value
rotein ——
*SOURCE content: l{f:j}:é Biological (C2ehcient! protein
Nx6.25 % value stibil t" efficiency
% @ A e A Y| ratio
Cottonseed meal, cooked
for 20 mins, at & max.
temp. Of 238°F® ... | 473 10 1.8
Cottonseed meal, cooked
for 76 mins, at a max.
temp. of 240°F* 479 10 e - 17
Cottonseed meal, cooked
for 20 mins, 2t a max.
temp. of 261°F% 481 10 " 1.7
Cottonseed meal, cook
for 40 mins. at a max.
temp. of 262°F® - 483 10 e o 1.7
Cottonseed meal, cooked -
for 100 mins, at a mas.
temp, of 279°F% #4.0 10 . - 0.5
Cottonseed meal, ether-
extracted, dutoclaved at 50.7 13 . - 1.6
17 Ib. pr. for 30 mins.?7 | 25 e e 1.8
Cottonseed meal, ether- 13
extracted, autoclaved at ) 507 » . 11
17 Ib. pr. for 60 mins.# 13
Cottonseed meal, ether- 17
~ extracted, autoclaved st | 507 = 03
171b. pr. for 120 mins.3 0.5
Cottonseed flour, solvent-
extracted at low temp,’® e 10 61.5 89.7 -
Cottonseed flour,
hydraulic-pressed, pre-
heated for 120 mins. st
190-240°F 10 58.1 84.6
Cottonseed protein™ ... 91.0% 78.0%
Groundnut, 1aw (Arachis
liypogea)ido .| 283 9 57.8 97.4
Groundnut, raw, var.
Virginial®® o 25.0 10 e 1.7
Groundnut, raw, var,
Chinesel® 59.0 9.0
Groundnut, roasted at
400-450°F for 30-35
mins, 4% 9 558 96.2
Groundnut, var, ergmxa.
soasted at 160°C for 40
mins S s 10 - P 1.7
Groundnut, var, Virginia,
roasted at 180°C for 40
mins 1o e - 10 0.2
Groundnut,
steamcooked™ . 9259 »
Groundnut, var. Virginia, "
boiled for 40 mins 1o .., aee 10 oo ane
‘Groundnut, defatted®® ... 45.7 10 56.6 90.4
! i by human i




‘TasLe VIL, Nutritive Value of Oilseed Protesns
Protein Nutritive Value
roten Level of i o
SOURCE content : [:ede;n; Biological c;.’:mc';?‘ Protein
) N ’25-25 % value |© r.‘;:.l. 1| efficiency
% o (Eestibility | Vo
%
Groundnut cake™ o e 85.8%
Groundnut oil mealt? 10 08
Groundnut oil meal** 9 15
Groundnut oil meal® ... e - %00 o
Groundnut meal,
decorticated® e o 10 56.5 93.0 .
Groundsut oit medl, N L
screw-pressed (wnh 487 20 0.9
slight cooking)? o 29 o 07
Groundnut oil meal, 509 9 o 2.0
expeller-pressed® Py 15 . e 18
Groundnut oil meal, ex-
peller-pressed attheend
of 4 hrs. (210-246°F )% " 10 56.8 95.7 1.3
Groundnut oil meal, ex- .
pellerspressed, at the end
of 6 hrs. (210-246°F)¢.., 10 49.8 94.0 ae
Groundnut oil meal, ex-
peller-pressed, at the end
of 8 hrs. (210-246°F)* o 10 50.5 93.2 1.2
Groundnut oil meal, sol- £ ieddeoisedi 02l
vent-extracted at low 456 20 0.8
temp.1¥ 22 28.7 88.9 s
Groundnut oil meal, sol-
roracted st low 10 0.8 048 15
G:oundnut oil r;en! "
screw-pressed, solvent- . .
cxiracted and solvent | 537 23 4?"0 9‘2‘_7 1.0
removed by mild
heating)ts
Groundnut oil meal {(screw-
ressed, solvent-extract- = 42 .35 93.0
Ed'and ‘solvent. removed | 50.0 R S kot s
by drastic heating) ...
Groundnut oil meal and 15
hullsta? oo -
Groundnut flour® 8
Groundnut flour®? 99.00 -
-5 . 95.0 e
Groundnut flour®® 626 zlo 54.(% 97.0p -
Groundnut protein’® ... 83.0¢ |’ 93.0°
. d by human

4 determined on adult rats.

1 determined on growing rats.
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Tasre VII. Nutritive Value of Qilseed Proteins
Protei 1 Nutritive Value
10te1 | Level of i
content: i Biological Protein
SOURCE Nxo2s | feegine | PO o true di-| iy
% o |ees o Y ratio
Linsced meal
(Linumusitatissimum),,. 394 8 7.4 89.6 e
Linseed meal 8 780
Linseed mealts? s 355 10 . res 19
Linseed meal, expeller-
pressed® 10 722 87.5
Linseed taeal, solvent-ex-
tracted at low temp.¥ ... . 10 692 &8 ..
Poppy seed meal
(Papater’ sommiferums | 38.0 10 57.9 811 1.5
Poppy seed meal, auto-
claved at 15 Ib, pr. for
5 mins.® .. e 10 By . 15
Safflower seed cake, ex-
tracted, Mysore sample
(Carthamus _tinctortus)'® | 352 10 84.9 924
Safflower seed cake, ex-
tracted, Bombay
sample® 218 10 86-0 765
Safflower seed cake,
hydraulic-pressed™ ... 321 10 .. 1.3
Sesame seed, defatted
(Sesamum _indicum)™ 11t 29.0 10 666 85.2 1.0
Sesame meall®t o o 7.0 92. .
Sunflower seed meal, sl
vent-extracted at low
temp. (Helianthus
annuus)’ 554 10 645 M3 "
Sunflower seed meal,
salvem-umcnd at Jow
temp.5 . . 10 571 93.8 .
Sunflower seed meal,
tracted, autoclaved n
20 Ib. pr. for 30 mins.®* [ ... 10 52.0 91.3
Sunflower seed flour,
decorticated’®® . . - - 71.0 .-
Tobacco seed oil meal,
cold.pnmd (Nicotina
taubacurm)itt o 30.2 10 514 78.0 .




TABLE VII. AMINO ACID COMPOSITION

AMINO
SOURCE Protein
content | Arginine [Histidine| Lysine ’Tymsine Trypto-
b % % % v, .| Phn
%
Coconut cake (Cocos
uciferayse i e 7.0 2.7 4.8 1.8
Coconut cake™? 20-25 7.0 7 4.8 1.6
Coconut cake, extractedint 20.3 . .o . o e
Coconut globulin'® 159 2 58 3.2 | Present
Cottonseed (Gossypium
herbaceum)s e 74 2.6 1.3
Cottonseed cake, extracted‘“ - M2 e .
Cottonsced meal*t e 439 v e
Cottonseed meall* e 11.3 27 |7
Cottonseed meal* o 40.0 7.5 28 1.0
Cottonseed meal, RN
commercial®® - 114 2.5 4.4 v e
Cottonseed meal, defattediss o 132 36 34 . 39
Cottonseed mell, solvent-
extracted, raw® 568 12.2 2.9 44 .. 1.2
Cottonseed meal, solv:nt— .
extracted, raw®® 64.9;75.0|11.5;12.4| 2,85 2.9 | 47; 4.9 . e
Cononseed meal, solvem- N
extracted, steamed for 30 5
mins.? 56.8 121 29 &5 e 12
Cottonseed meal, cooked for N B
26 mins, at 4 max, temp. - "
of 180°F3¢ v 147.0;45.3]12.3;11.8] 2.4; 2.6 | 4:9; 4.8 e L
Cottonseed meal, cooked for T :
70 mins. at 2 max, temp. '
of 180°F* 46.6 21 (. .29 4.8 .
Cottonseed meal, cooked for
20 mins, at a max, temp.
of 200°F®* 444 124 2.9 51 e
Cottonseed meal, cooked for . -
26 mins, at &8 max, temp.
of 200°F% 440 124 26 LAt . RS
Cattonseed meal, cooked for ..
70 mins. at a max. temp.
of 200°Fs® 453 124 26 4.9 .
Caatéansccd meal, cooked for s
mins, at & max, tem] .
of 230°F P 43| mo| 27| af | | -
C%l_]tonseed meal, cooked for
mins. at 2 max. tem
of 230°Fs o 48.8 1.9 2.5 4-6 . "
Coztct'onseed meal, cooked for
mins, at a max, tem
of 234°F*e o 47.3 119 2.8 49 . .
Cottonseed meal, cooked for
at 2 max, termy
7 i P w9 | 122 27| 48[ . -
Cottonseed meal, cooked for
a max, tem]
Do game | g1 | a7 | 27| 47| . -
Cottonseed mesl, cooked for
& max, tem)
:?2’355';‘"“ ool LT 119 26 48 . o
= ® (C: Chemical; CC: Chromstographic;
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OF OILSEED PROTEINS

ACIDS Mulr:od
o
Phenyle | ooyiine | Methio- . : ; ;i Estima
) ystine : Threonine| Leucine [Isoleucine| Valine St
sipime | To | e | % % % % | ten®
52 1.8 1.8 113 e 24
52 1.8 06-1.9 1.3 . 2.4
e 39 14 s
21 1.4 . 6.0 4.2 e
68 2.0 21 3.0 50 3.4 37 MM
e 3.7 2.8 o . e . C
e 21 e e . (o3
6.0 2.2 1.7 3.0 6.0 4.0 4.8 MM
5.3 1.3 2.8 5.5 +5 45 M
5.2 12 3.9 5.9 37 5.0 M
4.2 35 31 60 39 51 MM
5.8 1.5 3.6 57 41 5.0 M
5.3;5.4 16;135 | 37;37 | 61;61 [38;3.5 | 53;50 M
5.6 . 15 35 58 40 47 M
5.2;51 . 1.3;3.2 | 38;4.2 | 59;6.1 | 3.8;3.8 | 53;5.5 M
50 . 17 38 59 3.6 5.0 M
49 e 15 3.9 58 35 5.1 M
50 e 14 4.3 61 41 51 M
51 e 1.4 34 6.5 3.6 51 M
55 e 1.3 4.2 6.3 3.6 52 M
5.0 o 1.2 36 6.0 35 52 M
5.1 . 14 4.0 6.0 3.3 51 M
4.9 . 1.6 3.5 5.9 36 51 M
5.0 . 14 3.7 58 35 51 M
51 e 14 38 61 36 { 51 M

M: Microbiological; MM: Mi:




Tasre VIIL. Amina Acid Composition

AMINO
SOURCE Protein
content | Arginine [Histidine| Lysine | Tyrosine| TR"
i % % % % p%’"
Cottonseed meal, cooked for -
100 mins. at a max. temp.
of 279°F% 4.0 11.7 2.5 4.0 os
Cottonseed meal, solvent-
extracted, autoclaved at
151b. pr. for 10 mins.* ... 56-8 123 2.9 4.5 - 1.2
Cottonseed meal, solvent-
extracted, autoclaved at
15 1b. pr, for 30 mins.? ... 56.8 10.7 31 4.0 1.2
Cottonseed meal, solvent-
extracted, autoclaved at
15 Ib. pr. for 60 mins.? ... 56.8 107 30 39 1.2
Cottonseed flour'? o 5441 13 26 4.2 - e 13
Groundnut (Amthu
hypogea)™ 9.9 21 .0 1.0
Groundnut, raw” o 3 10.6 2.8 39 14
Groundnut, roasted” ves 8.7 2.8 39 1.0
Groundnut cake!** e 104 57 .. 1.8
Groundnut cake,
extracted!® o e . .- e
Groundnut meal® oen o e N -
Groundnut meal!* 113 21 3.0 44 1.0
Groundnut meal, defatted’ 13.8 3.0 30 e 20
Groundnut meal, ether-
extracted™ - . .- 34 e .-
Groundnut meal, commer-
cially ;crew-expellcd sol-
vent-extracted and dried
at a low temp, under redu-
ced pressure, solvent re-
moved with minimal
steam (A)” .- o e 3.3 - e
Groundnut meal, cnmmer~
cial extraction as in (A)
but dried at high temp.,
solvent r:moved by heavy
steaming™ s ' . 31 .- .-
Groundnut meal (A),
heated :t 150-160°C for
60 mins.” .- " .- 3.2 - e
Groundnut meal (A), twice
soaked in water end dried
et four® 6o | di3 | %2 A iz
roundnut flour - 8 - . ¥
Groundnut proteint®? s e 106 21 34 44 2.0
Groundnut globulin
(aruc;un) tobulis . o o
obulin .
Gzounchl::t H - 13.5 1.9 5.0 55 0.9
Groundnut globulin
(mnnmchu;)"“, i . ves v e 2 .
Groundnut globulin -
Tonnarachiay we | 18] 60} . 21
inseed (Limum " 1.
Lins eed (i .. 84 15 25 51 15
Linseed meal% ool I 151




of Oilated Proteins

AcIDS Method
of
Phenyle . Methio. " : . . Estira-
b Cystine t ‘Threonine| Leucine |Jsoleucine| Valine. Stima:
-!n.n'me l % , n:/r;e l % % % A tion
48 e 12 4.0 53 33 5.1 M
57 e 1.5 36 5.7 39 4.9 M
54 - 14 33 59 40 49 M
55 13 3.3 60 4.0 4.9 M
52 1.6 34 62 3.5 4.8 M
54 1.2 15 10 3.0 8.0 MM
5.6 2.9 2.9 50 45 5.5 M
4.6 0.9 26 4.7 4.0 4.9 M
46 0.5 1.6 6.9 e 37 e
o 0.3 v C
. 17 . C
51 1.0 4.6 MM
2.8 . 34 4.6 MM
. P - [+
. s . e . . (&
- P . . o . .C
s o Y . e e C
51 . 1.0 27 67 3.9 4.6 M
54 19 12 23 790_ 43 80 e
15 07 2.6 v c
2.6 1.5 0.7 - 39 . 11
.- 2.9 2.1 2.0 s “ s (o
3.0 21 . -
5-6 19 %g 51 7.0 40 70 MM
. o & e .- e . [+

51



Tasre VIEL.  Amino Acid Composition

. AMINO
SOURCE Prnze.m
conf
. ot | Arginine [Histidine| Lysine |Tyrosine Trypto-
% % % % e
b
Linseed meal19 . I 8.4 1.5 3.0 51 1.9
Linsced meal®* e 43.4 84 1.5 T 33 o 1.5
Palm  kernel cake (Efoeis
puineensisys 15.0 11.0 1.8 &7 - 1.7
Poppy seed cake (Papaver
somnifertrm)i 380 9.6 3.4 37 36 o
Poppy seed globulm“" ver 97.5 10.4 29 25 4.7 2.0
Safflower seed cake, extrace
ted, Mysore sample .
(Carthamus tmclarxm)“ e 352 13.5 8.8 5.0 . e
Safflower seed cake, extrace -
ted, Bombay sample®® .., 21.8 12.6 11.2 59 e
Sesame seed (Sesamum
indicum)lss e v . . ..
Sesame seed!® 9.2 2.8 1.9
Sesame seed™* 87 2.8 1.8
Sesame cake, extracted®® . .
Sesame meal® . .
Sesame flour, whle,
ground!st 8.7 1.5 2.8 18
Sunflower seed (Hellantlmx
anntius¥ e - 82 i 1.7 3.8 26 L3
Sunflower seed™ 82 | 17 33 26 | 13
Sunflower seed mealét 467 . .
Sunflower seed meal,
defattedise e 11.3 3.0 3.0 24
Sunflower seed meal,
solvent-extractedist - 8.2 1.7 38 2.6 1.3
Minor Qilseeds
Egyptian balsam seed cake
 Balanites aegypiiacay®® 50.0 45 18 52 15| 09
Hemp seed globulin or ede-
stin (Cannabis
sativa)® 20 16.7 2.5 2.4 4.3 12
Niger seed kernel Guxzalxa
agbymmra)"" ¢ 281 10.8 e 41 24 o
Tobacca seed globulin
(Nicotina Lasbacm)in, 10 w | 161 2.2 1.6 41 1.5
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of Oilseed Proseins

Acips Method
of

Phenyle | ooces Methio MThreoni : : ; Estima-
& ystine A reonine| Leucine [Isofeucine| Valine st
nh_r):ne o nl::e o o % % tion
54 1.9 23 4.0 5.3 4.2 5.1 MM
52 aee @8 3.0 53 42 51 M

17 1.2 5.8 ( 44

34 2.9 2.1 3.7 o . 59 cc
41 20 2.3 42 - - 71 MM
4.6 58 66 212 I 14.3 4.5 <C
49 52 6-4 239 - 120 4.4 cc
By 27 3.4 . o (o4
8.3 1.3 3.1 36 75 4.8 51 MM
8.0 1.3 3.2 4.0 75 48 51 MM
. 34 1.8 . - .. o c
. e 34 e - o o c
83 31 36 75 4.8 MM
54 1.3 34 4.0 6.2 5.2 52 MM
50 14 34 4.0 6.7 5.7 5.3 MM
e 39 . e C
50 “e 34 34 6.8 5.1 56 MM
5.7 1.6 34 4.0 62 52 32 MM
29 1.8 17 2.0 38 28 2.5 MM
5.5 13 2.2 31 74 4.7 6.6 M
3.2 1.4 1.4 2.8 4.6 1.9 21 ce

57 11 2.2 42 105 53 6.7 M

23
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CHAPTER V
NUTS

EDIBLE nuts are useful sources of proteins in our dietary®?, although
some of them are quite costly and can be consumed only in small
quantities because of their high oil content®. On the basis of their high
protein content, the oil-bearing nuts have been considered to be
equivalent to meat in nutrition; in other words, nuts have been proposed
as adequate meat substitutes® S, This alleged nutritional equivalence
is based more on chemical composition than on the actual nutritive value
of the proteins®. The biological values of the proteins in Brazil nut
(Bertholettia excelsa), almond (Prunus amygdalus), filbert nut (Corylus
avellana), walnut (Fuglans regia) and pecan nut (Carya pecan) fall within
the range 50-60 per cent at g per cent level* ® (Table IX). Cashew nut
(Anacardium occidentale) protein is a promi exception, possessing
a biological value of 72 per cent, only slightly below that of beef protein,
76 per cent!. In biological value and digestibility, nut proteins are, as
a class, inferior to beef protein®”®, While the difference in biological
value between beef protein and the proteins of nuts other than cashew
nut is of the order of 25 to 50 per cent®’®, the difference in digestibility
is not great* except in the case of pecan nut proteins which possess
2 digestibility of only 71 per cent® and walnut proteins which possess a
digestibility of 84 per cent!. ‘The low digestibility of nut proteins in
general and pecan nut proteins in particular was observed as early as
1903 in the course of human metabolism studies on Californian fruita-
rians’.

Avvonp (Prunus amygdalus): From time immemorial, almond
has been in the front rank among edible nuts and is always in
great demand’, The quantities of almond that enter world commerce
are higher than those of any other nut, the largest producers being the
Mediterranean countries, California, Australia and South Africal.
In India, it is greatly valued as a concentrated food; it is reputed to
impart vigour and stamina to persons who consume it and is specially
recommended for use by athletes. It is used in Indian systems of
medicine for the rapid restoration of health in the case of convalescents.
Although almond protein has a fairly high digestibility, strangely enough
its biological value is paratively low, being of the order of only
50 per cent'. Moreover, apart from its high arginine content, there is
nothing striking in the amine acid make-up of amandin, the chief
protein of almond®. The supplementary value of almond protein to
different diets has not been systematically worked out. It is stated to
be a good supplement to milk, but the significance of this is not yet
clear. Almond milk itself is a French delicacy which is believed to
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possess medicinal propertics', Its value in infant feeding has been
amply demonstrated®. The protein and sulph ining frag

of almond milk are reported to be utilised by healthy infants to the
same extent as those of cow’s mitk?®,

BraziL Nur (Bertholettia excelsa):  Brazil nut is a native of the
Amazon basin® * 5 and although the largest producer, as the name
itself implies, is Brazil, it has also been successfully grown in other
parts of the humid tropics, notably in Malaya, Ceylon, Java and the
West Indies’. Brazil nut is also known in Brazil as the Para chestnut
and in the United States, as the butternut®. In 1933, some 50,000
tons of the nuts are reported to have been gathered in the Amazon belf.
In some years, the export from Brazil has been more than 300,000
tons’. In view of its universal appeal and general excellence, Brazil
nut has been styled by some, “The King of Nuts, It is also known 2s
vegetable meat in Brazil where it is held in esteem on account of its
high nutritive value®,  Brazil nut contains about 15 per cent protein®
and more than 4 times as much fat® 33, Brazil nut protein is an
extremely rich source of methionine™; Brazil nut is reported to contain
three times as much methionine as any other nut that has so far been
studied®. Excelsin, the chief globulin of Brazil nut, is low in lysine
and valine®, Brazil nut protein possesses a moderate biological value’,
but a high digestibility* and a growth-promoting value which is only
6 per cent inferior to that of milk protein®®. In the Amazon belt,
Brazil nuts are considered indigestible because of their high fat content®
and only limited quantities are consumed®® This difficulty can,
however, be overcome by partial or complete extraction of the ol
Brazil nut flour can be used for many culinary preparations and has
been recc ded as an 11, uppl t ially for school
children, soldiers and for pregnant and nursing women®.

Casuew NUT (Anacardium occidentale): Cashew nut is also a
native of the Amazon valley” ¥ and is esteemed as a dessert nut not
only in Brazil and other parts of the tropics, but also in l,he Umt'ed
States and European countries? The bulk of tf}e world’s supplies
of cashew nuts comes from the west coast of India am‘i East Afn.c:a;
smaller quantities are produced in Egypt, the West Indies and Haiti",
As has been already pointed out, ca§hew .n'ut .pr:)tem is excegtmn.al
among nut proteins i ing a high [ value and digesti-

in :
bility# ¥, It has alsg been reported to promote good growth in
Tatst 2,

The chief protein of cashew nut, anac?rdein, h.as been
analysed for constituent amino acids both by the classical chemical me-
thods®, as well as by chr hy®

Methionine, present to the
extent of 1.3 per cent only,

seems to be the limiting amino acid®,

Crunest Tavrow Nut (Sapium sebiferum): Chinese tallow nut
protein is deficient in Iysine and methionine®, Feeding experiments
have confirmed these amino acid deficiencies and have shown the
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absence of any toxic factors in Chinese tallow nut flour®. It has been
reported that when supplemented with Iysine and methionine, the pro-
tein becomes slightly superior to egg albumm in nutritive value®,
Chinese tallow nut flour has been d as an ingredi

for the enrichment of wheat flour in the baking industry™ *,

Fiserr NuT (Corylus avellana):  Cultivated filbert nuts are
closely related to the wild hazel nut (Corylus colurna) and the present
annual production in the United States is estimated to be 7000-8oco
tons, about 85 per cent from Oregon and 15 per cent from Washington®,
Filbert nuts are also widely cultivated in Kent®, The globulins prepared
from Barcelona and Du Chilly varieties of filbert nuts are rather well
balanced for a plant protein®. As compared to casein, the globulins
are high in arginine and cystine and low in lysine and methionine®.
Feeding experiments with rats have confirmed the deficiency of filbert
nut protein in these two amino acids®. Filbert nut protein possesses
a moderate biological value and a high digestibility®.

Prcan Nut (Carya pecan): ‘The pecan is a North American
native which grows well as far south as Mexico®. In 1944, over 150
million pounds of pecan nuts are reported to have been produced
in the United Stats‘ As alre:\dy pointed out, pecan nut protein

a biological value® ® and a low digestibility® ® 7.
For producmg the same gain in weight in rats, digestible nitrogen from
pecan nut is 8o per cent as efficient as that from beef?,

Mumvor NuTs:  Minor nuts which are reported to be of nutritional
importance in Brazil” include the Sapucaia nut (Lecythis usitata), pine
nut (Araucaria angustifolia) and rubber seed (Hevea brasiliensis). Other
minor nuts common in the tropics are the Macadamia or Queensland
nut (Macadamia ternifolia), oyster nut (Telfairea pedata) and Java
almond (Canarium commune).

Among the nuts of the temperate regions, the walnut (Juglans regia)
enjoys immense popularity®. Walnut protein possesses 2 moderate
biological vatue and rather a low digestibility. Though the black
walnut (Fuglans nigra), generally grown for lumber in the United States,
is rich in protein, its potentiality as human food still remains to be
assessed”, The sweet chestnut? (Castarea sativa) and the water
chestnut®® (Trapa bz:pmosa) are comparatively poor sources of protein.
‘Water chestnut protein, however, has a high growth-promoting value®®,




TABLE IX

NUTRITIVE VALUE OF NUT PROTEINS

Protein Nutritive Value
L )
SOURCE content: | vl OF | g1 cicat|C Y Protein
Nx6.25 SR8 T Catge | of true di- fick
o, % oL gestibility | €c1ency
(3 % ratio

Almond (Prunus

amygdalus)t 21.9 9 50.8 940 e
Brazil nut (Bertholettia

excelsa) 163 9 541 95.7
Cashew nut (Anacardium

accidentale)t 19:5 9 725 96-2
Cashew nutt® 209 772 93.3 ..
Cashew nut, defatted®® .., 318 10 72:2 904
Filbert nut (Corylus

avellana)t 135 9 503 91.3 .
Pecan nut (Carya

pecan)hs . 11.3 9 59.8 707 -
wnnm, English (Juglans

s e 21.2 9 559 841

‘Vater chestnuc (Trapa

bispinosa)s 8.0 7 . 1.8







TABLE X. AMINO ACID COMPOSITION

AMINO
SOURCE Protein
content L. .. . . | Teypto~
o Arginine [ Histidine] Lysine |Tyrosine| * 7P
Sl L% | | % | P
4
Almond albumin (Prunus
amygdalus)® 10.8 2.2 5.7 3t 13
Almond globulin, amnndl 11.9 1.6 0.7 1.1 Present
Almond globulin® .- 9.7 2.0 3.7 3.6 1.7
Brazil nut globulin, excelsin
(Bertholettia excelsa)® ... I 16.0 15 1.6 3.0 Present
Cashew nut globulin
(Anacardium occidentale)* e 10.7 2.8 1.3 6.8 o
Cashew nut globulin®? ... . 10.3 1.8 33 3.2 e
Chinese tallow nut protein
{Sapium sebiferum)® N " 16.6 2.9 2.6 3.7
Filbert nut globulin
(Corylus avellana), var.
Barcelona®® - 14.4 24 2.1 3.3 1.5
Filbert nut g]obuhn, var.
Du Chilly** 14.5 2.0 2.0 3.2 1.5
Minor Nuts
A lutelin (Pe i¢
2::5 uectin (Pasaria e 18.2 3.0 4.7 1.8 1.3
Coh: lobulin (Orbignya
Cepmegoutin (kg | g | oar | 7e

* (C: Chemical; CC: Chromatographic ;



OF NUT PROTEINS

AciDs Method
of
Phenyl- ine | Methio- : : : o | Estiman
e Cy:/tme e Thr:/onme L:l:/l:me lsolg}xcme Va.}/me stima
% /o A3 o fo b
0.9 0.8
25 .
0.7 o .
3.6 0.0 e 8.7 1.5 .
. 1.0 C
44 1.0 1.3 2.8 . +5 cc
13 16 74 o 7.8
38 22 0.8 53 100 51 37 M
3.5 25 0.8 5.6 6.1 50 34, M
!
i
2.4 . e .
0.8

M: Microbiological).



TABLE X. AMINO ACID COMPOSITION
SOURCE Protein AMINO
content
o:n Arginine | Histidine| Lysine |Tyrosine T’{P‘O'
% | % | % | % | "
Almond atbumin (Prunus
amygdalus)® . 10.8 2.2 5.7 31 13
Almond globulin, aman 11.9 1.6 0.7 11 Present
Almond globutin® e 9.7 2.0 3.7 36 1.7
Brazil nut globulin, excelsin
(Bertholettia excelsa)® ... 16.0 1.5 1.6 3.0 Present
Cashew nut globulin
{Anacardium occidentale)t! 10.7 2.8 1.3 6.8
Cashew nut globulin® ... 10.3 1.8 33 3.2
Chinese tallow nut protein
(Sapium sebiferum)™s .. e 16.6 2.9 2.6 37 e
Filbert nut globulin
(Corylus avellana), var.
Barcelona® - 14.4 24 21 33 1.5
Filbert nut globulin, var.
Du Chilly* - 14.5 20 2.0 32 1.5
Minor Nuts
lutelin (Pasanic
Ai::;r‘eﬁ)l'. elin (Paseria e 182 3.0 47 1.8 13
Cohune globulin (Orbigny:
tohunt)g' i e 17.2 1.7 T4 e e
® (C: Chemical; CC: Chromatographic;



CHAPTER VI
FRUITS, TUBERS AND VEGETABLES

Frurrs

Fruits do not contribute materially to the protein content of human
diets. As such, reports in the literature on the nutritive value and
amino acid composition of fruit proteins are comparatively few.

Based on a study of the free amino acid content of a large number
of fruits?, it has been reported that none of them contains tryptophan,
phenylalanine, methionine or valine in the free state; Iysine could be
detected only incustard apple (Annona sguamosa) and leucine and isoleu-
cine only in ripe banana (Musa sapientum). Dean®?, using plant protein
diets based on cooked banana for the treatment of kwashiorker in
Africa, found banana to be low in total protein and this, in its tum, to
be deficient in methionine. On the other hand, the proteins from three
Indian varieties of banana have been reported, on the basis of paper
chromatographic analysis, to be richer than casein in a number of essen-
tial amino acids, notably cystine and histidine®.

The isolated protein from Baldwin apples (Malus sylvestris) is
reported to have a nitrogen content of only 8.5 per cent, of which
93.5 per cent is amino nitrogen®. Fifteen amino acids account
for 86.3 per cent of the amino nitrogen®. Tryptophan could not be
detected®. 'The biological value and the digestibility of the proteins
of edible portions of green (immature) palmyra fruit (Borassus flabellifer)
are higher than those of the ripe fruit proteins®.

TuBERS

Among the tubers, the nitrogenous constituents of only the potato
(Solanum tuberosum) have been investigated in detail. The nitrogen
content of different varieties of potato has been reported to vary from
1.2 per cent to 2.0 per cent on the dry weight basis™® Of the total
nitrogen, 36 per cent to 63 per cent is non-protein’; only a fifth of this
represents the free amino acids, the balance being equally shared by
amides and nitrogenous bases®. It has been observed that adults
can be maintained in nitrogen equilibrium and in good health for long
periods with potato as the sole source of dietary protein®. Total
proteins of the whole potato are only slightly inferior to milk proteins in
growth-promoting value’®. Drying at 40°C has no adverse effect on
the nutritive value of potato proteins®, while cooking increases their
digestibility"’. Ithas been suggested that protein recovered from starch
factories would be a valuable addition to our stock of dietary proteintt.
The chief protein of potato is the heat-coagulable globulin known as
tuberin 113, Tuberin possesses a fairly high nutritive value®,
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bulk that has to be ingested to provide sufficient protein from this source
would be excessive and beyond the range of practical dietetics®.

The relative annual yields of proteins from vegetables and cereals
in Kg. per hectacre have been estimated to be as follows?: mountain
spinach (Spinacia oleracea), 875; mangold (Beta vulgaris macrorhiza),
860; green cabbage (Brassica oleracea capitata), 476; corn, 301 and
winter wheat, 244. This clearly shows that the return of protein from
leafy vegetables is.particularly high.?®

Protein content: The protein content of vegetables varies
widely from species to species?™ #32,  Thus, unripe legumes with and
without pods contain on the fresh weight basis 2.1 per cent protein;
leafy vegetables, 1.7 per cent; leeks, 1.1 per cent; flower and stem
vegetables, 0.8 per cent; root vegetables, 0.6 per centand fruit vegetables,
0.4 per cent, the average working to about 1.1 per cent®. In general,
leafy vegetables are richer sources of protein than other classes of

bles except the legumd roup” 28083 The variations

within the groups are relatively large for the leafy, leek, flower and stem
vegetables, but small for the root and fruit groups®. Cress,® also
known in Argentina as ‘quimpi’ or ‘quimpe’ (Coronopus pinnatifidus;
Coronopus didymus) and water cress™ (Roripa nasturtivm aquaticum)
have a high protein content, as also sesbania leaves®® (Sesbania
grandiflora) and drumstick leaves® (Moringa oleifera; Moringa
plerygosperma).

A considerable proportion of the total nitrogen of vegetables is
contributed by non-protein constituents including free amino acids,
amides, nucleic acids and alkaloids®®. 'The ratio of non-protein
nitrogen to total nitrogen varies widely betweeng per centand 68 per cent
depending on the type of vegetable® * %, This ratio is reported to be
of the order of 31 per cent in leafy vegetables, 41 per cent in lecks, 46
per cent in unripe leguminous vegetables, 47 per cent in flower and
stem vegetables, 57 per cent in fruit vegetables and 61 per cent in root
vegetables, the average being 42 per cent®.

Amino acid composition: Ever since Chibnall reported the
presence of indispensable amino acids in adequate amounts in the
proteins of the vascular, cytoplasmic and chloroplastic portions of spi-
nach®, the amino acid composition of the proteins in different vegetables
has been widely investigated (Table XII). Except for a deficiency in
methionine, the proteins of leafy vegetables are well balanced with
respect to the other essential amino acids®™ 33 Brumstick leaf
protein is rich in cystine™, while spinach protein is rich in Iysine¥,
The non-protein nitrogen fractions of fenugreek leaves (Trigonella
Joenumgraecum), and celery (Apium graviolens) are rich in phenylala.
nine, while that of the former is also rich in Iysine™.

Generally speaking, the proteins of non-leafy vegetables are defi-
cient in lysine and isoleucine®. The proteins of garden peas (Pisum
satizim) have been shown by feeding experiments to be low in cystinett,
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. being superior to wheat proteins®®, but distinctly inferior to casein!® 11,
‘The non-protein nitrogen fraction in the potato press juice, after separa-
tion of the tuberin, is incapable of supporting growth by itself® 112,
However, a mixture of this fraction with tuberin in the proportion as
present in the whole potato raises the growth-promoting value to a level
approximating to that of tuberin, though not to the level of the
nitrogenous mixture in the intact tuber® 2*; this clearly indicates the
existence of a supplementary relationship between the protein and
non-protein moieties® ¥ *, The amino acid composition of these two
fractions does not, however, indicate the possibility of such supplemen-
tation™ ™, Though potato protein is deficient in cystine! and in
methionine® 111 and possibly also in histidine, it is quite rich
in lysine® 1 18:37; a9 such, it should prove a good supplement to
cereal proteins. The protein efficiency ratio of potato is reported to
decrease on storage, more so at room temperature than at 5°C%
Further, the nutritive value of the protein in whole potato is less
than that of the protein in peeled potato with the outer cortex
removed®,

Among other tubers that have been investigated, colocasia (Colo-
casia esculente) and the elephant yam (Amorphophall ipanulatus)
have about the same protein content as potato!”. While proteins from
these sources resemble potato protein in being deficient in methionine,
colocasia protein has a further resemblance in also being rich in lysine™.
Tapioca,’* otherwise known as cassava or bitter manioc (Manifot
esculenta) and. sweet potatol™*# (Ipomeoa batatas) are comparatively
low in protein, though the protein content differs with the variety'”*.
Attempts have been made to evolve hybrids of superior protein content
by crossing a variety of tapioca containing 10 per cent protein with
the ordinary varieties™®. Tapioca resembles potato in that nearly half
its total nitrogen is non-protein nitrogen®. The non-protein fraction
has a2 high lysine content®. There is considerable variation in the
amino acid composition of tapioca protein as reported by different
workers!? 1225 According to one report, tapioca protein is devoid
of methionine?. Sweet potato protein has a fairly high biological value*
and valine content'™ ¥ and generally resembles potato protein in amino
acid composition!™ ¥, A variety of sweet potato from Bombay has been
reported to contain more than 2.5 times the protein presentina variety
from Coonoor (India) and (on an equal protein basis), to be richer in
arginine, phenylalanine, methionine and valine but not in other essential

amino acids™.
VEGETABLES i
Although vegetables arevalued in nutrition mainly for their vitamins
and minerals, they also contribute, in varying measure, to t.he protein
pool of human diets®. However, little attention has been paid to vege-
tables as a source of dietary protein™, probably due to the fact that the
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TABLE XI

NUTRITIVE VALUE OF FRUIT, TUBER AND VEGETABLE PROTEINS

Protein

Nulritive Valye

content: Lev;] of Bmlog.cal flici Proteti;
: rotein
SOURCE Nx6.25 feeymg e oflni:I dis | ey
% ¢ v fesubiity| e
%
Fruits
Palmyra fruit, green
(Hammlx Slabellifer}* ... 76 3 62.6 8§0-0 -
Palmyra fruit {ripe) juice,
dried* P 4.2 3 522 76-8 o
Tubers
Potato, whole (Solarum 5 68.5 .
tuberosum)$? 8 67.0
Potato, whole, fresh®® .., | ... 10 -
Potato, whole without
skin, fresh, var, King
Edward® o 11.8 10 e 2.0
Potato, whole, without
ekin, stored, var. King
ward? 12.8 10 o 1.3-1.5
Potato, whole, :rexmed,
with skin, var. King
Edward* 10.8 10 e 1.5
Pomo, steamed, wnhout
, var. ng Edward* 104 10 . 1.6
Pomo, steamed, without
skin and outer cortex,
var, King Edward* .. 10.2 10 e 1.8
Potato, whole, dried®® ... 10 1.9
Potato, dried, without
skin, var, King Edward® | 121 10 - 1.8
Potato juice, concentrated,
from var. King Edward® 10 1.5
Potato globulin (mbenn-' 10 1.8
Potato globulin {tuberinyt® 10 1.6
8 710 20
Potato globulin (tuberin)® 10 1.7
1z " 17
Sweet potato (Ipomeoa
batatas)® 72.0 570 1.5
Vegetables, leafy
Leafy vegetable (Chinese,
24 kinds)@ . |86.3.99.40 ...
Amaranth leaves
(Ammmthgarg:lx:w)“ 10 66.8 846
Amaranth leaves' ; 5 720 780
Cabbage (Brassica
oleracea capitatay® .. . o 76.0 64.0 0.9

® denotes availability of protein.
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Cauliflower (Brassica oleracea botrytis) protein is well balanced except
for slight deficiencies in lysine, leucine and isoleucine®™, Broccoli?h
(Brassica oleracea bofytis) and sweet corn® (Zea mays saccharata)
proteins are deficient in many essential amino acids, while carrot
(Daucus carota) protein® is deficient in all of them. A mixture of
broccoli, cauliflower and sweet corn would contain proteins balanced in
respect of all the essential amino acids except lysine and isoleucine®,
Jack seed® (Artocarpus heterophyllus) protein is relativelylow in arginine,
histidine and methionine, while the proteins of okra®™ (Hibiscus

le ), brinjal® (Sol longena) and drumstick bean are, in
addition, also low in lysine, tryptophan and isoleucine. Green
pl Y (Musa paradisiaca) protein is deficient in methionine but is

exceptionally rich in histidine. The non-protein nitrogen fractions of
cauliffower™, field bean™ (Dolichos lablab) and kohlraby" (Brassica
oleracea caulorapa) are rich in cystine, while that of drumstick bean® is
rich in valine.

Nutritive value: The availability of proteins from 24 kinds of
Chinese leafy vegetables is reported to be high, ranging from 86 per cent
to g9 per cent®. ‘The biological values of the proteins of cabbage®,

Rt €2 (4, hus gangeticus), sesh leaves® and ipomoe2
leaves® (Ipomoeareptans) are fairly high, whereas that of drumstick
leaves®? is low.

As regards leafy v bles, while the proteins of brinjalt
possess a fairly high nutritive value, those of cluster beans® (Cyamapsis
tetragonoloba) and green papaya*® (Carica papaya) possess a low nutritive
value. The biological value of ‘ladies fingers’ (Abelmoschus esculentus)
is high®® at 5 per cent level of intake but quite low** at 10 per cent level.

Supplementary value: Several dehydrated vegetables, when
used at the level of 5 per cent in the diet, are reported to be excellent
supplements to the proteins of milled wheat flour and milled white corn.
meal®, For this purpose, the proteins of dried mustard greens
(Brassica juncea) and water cress are better than those of spinach,
caulifiower, lettuce {(Lactuca sativa) and green beans (Phaseolus
oulgaris)®™.

The 1 y value of

PL h proteins to the proteins of
wheat, jowar, bajra and Bengal gram (chick peas) and to the mixed
proteins of different cereals and legumes has recently been demon-
strated®. As supplement to cereal and legume proteins, amaranth
proteins are superior to the proteins of other leafy vegetables such
as sesbania leaves, drumstick leaves and ‘parpukeerai’ (Portulaca
oleracea).® . . .

The proteins of okra, which is reported to be extensively used in
Egypt to substitute fenugreek in corn bread, have been observed to be
better supplements to corn proteins than those of fenugreek itself or

cottonseed flour®®.
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Tanee X1, Nutritive Value of Fruit, Tuber and Vegetable Proteins

Protein Level of Nutritive Value
SOURCE - Nt | fecding |Biological Coeficlent] prorein
% % VoS |mestibility | cfficiency
%

Drumstick leaves

{Moringa oleifa) 269 5 410 770
Ipomoea leaves (Ipomoea

reptans)it e 29.3 5 67.0 85.0 e
Sesbania leaves (Sesbania

grandifiora) e 3y 5 64.0 85.0 .

Vegetables, non-leafy
Brinjal (Selanum

‘melongena) 140 5 710 750
Cluster beans (Cyamap:x:

tetragonoloba)® w195 5 510 73.0 ver
Ladies fingers (Abelmo~

schus esculemtus)tt 14.9 3 82.0 70:0
Ladies fingerst 217 10 425 845
Papaya (Carica papaya)*t 12.9 9 46.0 86.9 o
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OF FRUIT; TUBER AND VEGETADLE PROTEINS

.AciDs Method
- P of
Phenyle | Gogine | Methio |'Threonine] Leucine |Iscleucine] Valine
7 ystine - reonine] Leucine |Isol
n]a;/l:nc % nine % % % o
~
62 L 32 5.8 9.8 10.0 7.0 M’
! i s
g0 31 T30 |53 1 104 9.6 64 M-
44 17 ' T cc
37 14 " . - cc?
04 ¥, " cc
10 47 89 52 6.0 M
10 3.9 54 53 50 M
15 39 18 43 5.8 M
25 69 96 37 53 MM
1.6 27 48 MM
01 04 03 0.5 M
23 59 " 61 M
26 69 50 76 M
M
“ 4t 12 0.8 11 - ... 3.3 MM
PRI -
61 26 57 56 51 93 M
43 17 3.8 48 36 1 56 <] oM
41 1.0 64 67 7.5 67 M
5.0 14 53 6.8 62 < 0.5 MY
4
15 06 38 56 53 45 M,
is . [
28 e €
62 . 10 45 59 5.0 50 M
4.5 2.0 23 41 .- " MM
28 07 11 22 59 47 4.5 M
®(C: Chemical; CC: CI hic; Mz B + MM: Miscell N
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TABLE XII. AMINO ACID COMPOSITION
AMINO
SOURCE Protein
content | Arginine | Histidine] Lysine |Tyrosine T"}"P'c’
o % % % % Pon
/o
Fruits 1
Apple, var, Baldwin, dried
(Malus sylvestris)s 6.6 26 7.5 0.0
Apple protein, extracted,
var. Baldwin® e | 531 6.6 2.8 7.0 e 0.0
Banana-‘ Pachabale’ (Musa
cavendishii)t P -~ 6.1 83 5.8 8.5 .
Banana-* Kadable ' (Musa
albisigna)t e o 51 10.3 65 53 e
Bansna-* Rasabale’  (Musa i
sapientum)t 5.3 YAl 6.6 63 o
Tubers
Colocasia (Colocasia
esculenta)? - 8.5 6.2 1.8 6.2 . 1.4
Potato (Solanum tuberosum®® | 102 52 12 6.7 0.7
Potato¥ e 75 5.0 1.5 55 01
Potato®® - 5.0 22 83 . 21
Potato, whole, var, King
dward™ 4.4 1.7 5.0 0-8
Potato, peeled®} 0.4 0.1 0.3 0.1
Potato globulin (tuberin)t? 5.2 4.1 47
Porato globulin (tuberin)}? 6.0 22 77 . 1.6
Potato globulin {tuberin)** 4.8 22 3.6 - 23
Potato globulin (tuberin)®... . e - 83 . o
Potato, var. King Edward,
N.P.N. fraction® .- . 2:6 11 1.9 o -
Sweet potato (Ipomeoa
batatas 5.9 5.0 21
Sweet potatof” e 5.2 34 55 21
Sweet potato®™ . 29 14 4.3 .. 1.8
Sweet potato (local)t” 1.5 3.5 15 6.4 - 1.0
Sweet potato (Bombay)'" ... 39 52 1.5 50 .. 0.8
Tapioca(Manihot esculenta) | 1:3 77 15 6.2 05
Tapioca protein'® 8.4 33 1.3
‘Tapioca, N.P.N. fraction'® e 18 27 9.7 23 0.7
Yam, clephant (dmorpho
phallus campanulatus)® o.. | 93 1.2 1.6 4.4 0.6
Vegetables, leafy
Leafy vegetablet .- v 70 21 57 54 1.9
Amopanth lenres et | 97 | 38 | 20 | 40 | 30 ) 1
Cabbage (Brassica oleratea 65 6 14

capitata)®®

+ Percentage of amino acids on the basis of dry weight.
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of Fruit, Tuber and Vegetable Proteins

Acips Method
of

Phenyl- . | Methio- ; : . el Estima-

Phenyl- Cy:/tme eihio- [Thr P Lex:/cme o v uakme i
% A % 3 A A
50 1.0 12 59 37 cc
64 33 20 4.9 9.3 63 71 MM
60 13 20 48 7.2 cc
5.8 21 17 49 80 5.7 63 MM
6.0 1.4 48 89 62 68 MM
60 16 48 7.0 cc
54 20 55 g0 54 71 M
43 09 37 63 51 59 MM
33 24 38 61 36 39 M
10 " 12 37 43 4.0 57 M
36 13 38 45 37 5.6 M
44 . 1.0 40 5.6 44 57 M
28 - 06 27 18 29 34 M
37 26 50 72 44 64 A
43 27 14 39 65 44 54 MM
77 14 14 58 80 7.2 88 MM
39 0.8 12 38 62 42 59 MM
45 06 27 54 54 44 M
6.0 17 41 108 38 66 M




Taswe XII.  Amino Acid Composition
AMINO
Protein
SOURCE
content | Arginine | Histidine] Lysine |Tyrosine T’{}“‘"
% % % % | % | Tm
Chakur Manis (Sauropus
androgynus)® o | 260 58 53 -
Drumstick leaves (Moringa
oleiferay . 313 60 2.1 4.3 19
Drumstick leaf protein® .. 44.1 5.7 2.0 5.0 56 2.0
Kankun leaf (Ipomoea
aquaticat 294 48 1.6 3.8 1.5
Sesbania leaves
(Sesbania gmndxﬂum)“ 35.7 5.8 1.9 4.0 o 1.6
Sesbania leaf protein® . 63.6 5.6 22 52 58 20
Spinach (Spiriacia oleraceal® | 241 6-4 28 76 19
Vegetables, non-leafy
Brinjat (Solanum
melongena)™ ] 164 34 17 1.6 ™ 0.9
Brocceoli (Bmmca oleracea
botrytisy» . 29-4 5.8 1.6 5.3 1.3
Brocceoli heads?? 40.7 6.5 2.1 2-7 12
Broccoli stalks® 23.6 53 1.8 51 1.0
Carrot (Daucus carota)®® ... 6.0 3.6 1.5 31 . 0.6
Carrot® 91 07 07 11 02
Cauliflower (Brassica
oleracea botrytisy® | 243 4.9 24 56 1.6
Drumstick bean (Monr@lz
oleiferay™ . 21.9 36 1.1 1.5 e 0.8
Jack seed (Artocarpus
heterophyllusyt * 109 19 10 4.8 . 1.3
Okra (Hibiscus esculentus)® | 20.4 25 11 2.5 - 07
Plantain, n (Musa
ntaity roen ( 27 41 45 5.6 07
Sweet Ze 2
et e | a0 | 26 | as | . | o3
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CHAPTER VvII
MILK

Cow’s milk as a wholesome food and casein as a near perfect protein
are widely recognized, Milk pies a pr i place in the dietary
of all age groups and especially in that of infants and children®, Itis
computed that, of the total quantity of liquid milk produced in the
waorld, about 10 per cent is used for feeding young animals and 35
per cent for human consumption; of the balance, about 45 per cent
is taken up for butter making and nearly 8 per cent for cheese making?,
Apart from consumption of milk as such, considerable quantities of
milk solids are incorporated in bread and other baked goods with a view
to improving their nutritive value, as also their organoleptic quality*™!,

The production and ption of milk, h , are not the
same in every country**, In general, the per capita production is
considerably higher in the economically advanced countries’ ** due
to factors such as the availability of enough pasture land for promoting
dairying without having to draw upon the same land for growing human
food. Thus, for these reasons, while in Sweden the net amounts
of milk available for consumption by the entire population corresponds
to about § pounds per head per day™, the quantities produced in Chile
can hardly supply one pound, even if the consumption is restricted
exclusively to infants and children®™. Though India has a larger cattle
population than any other country in the world, she has one of the
Iowest rates for the production of milk and for the consumption of milk
and milk products™. The present Indian production would corres-
pond to 5.4 oz. per head per day* and the consumption is reported
to be about 8o per cent of this figure®. Various suggestions for in-
creasing the milk output have been advanced from time to time, in-
cluding a2 more rational crop planning and diversion of some of the
land under cereals to growing concentrates and pasture for the milch-
animals™,

Among well known milk products which contribute, in vary-
ing measure, to the protein content of dietaries in different parts
of the world, skim milk powder® 1 ¥ 2, cheese!® %7 and casein™®
deserve special mention. Besides, certain indigenous milk pre-
parations are of importance in particular regions. Among these
mention may be made of channa®®%, dahit™Q, Rheer?¥® ang

® Channa is the coagulum formed by adding acid or acidic Liquids (citric acid
Temon juice or acid whey) to boiling milk and consists mostly of casein with some
occluded milk fat,

+ Dahi is the curd resuliug from the lactic fermentation of milk all

proceed avernight after inoculating Jukewarm milk witha culture of home-mz‘d“:‘ci}::
 Kheer is condensed milk and is prepared by concentrating milk i

the original volume over s steady fire, 4 g milk to 2 third of
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CHAPTER VII
MILK

Cow's milk as a wholesome food and casein as a near perfect protein
are widely recognized. Milk pies a p! h place in the dietary
of all age groups and especially in that of infants and children®. Itis
computed that, of the total quantity of liquid milk produced in the
world, about 10 per cent is used for feeding young animals and 35
per cent for human consumption; of the balance, about 45 per cent
is taken up for butter making and nearly 8 per cent for cheese making®
Apart from consumption of milk as such, considerable quantities of
milk solids are incorporated in bread and other baked goods with a view
to improving their nutritive value, as also their organoleptic quality®**.

The production and ption of milk, h , are not the
same in every country®*™. In general, the per capita production is
considerably higher in the economically advanced countries?™ ¥* due
to factors such as the availability of enough pasture land for promoting
dairying without having to draw upon the same land for growing human
food. Thus, for these reasons, while in Sweden the net amounts
of milk available for consumption by the entire population corresponds
to about 5 pounds per head per day®, the quantities produced in Chile
can hardly supply one pound, even if the consumption is restricted
exclusively to infants and children®. Though India has a larger cattle
population than any other country in the world, she has one of the
lowest rates for the production of milk and for the consumption of milk
and milk products’®. The present Indian production would corres-
pond to 5.4 0z. per head per day®® and the consumption is reported
to be about 8o per cent of this figure®. Various suggestions for in-
creasing the milk output have been advanced from time to time, in-
cluding 2 more rational crop planning and diversion of some of the
land under cereals to growing concentrates and pasture for the milch-
animals®,

Among well known milk products which contribute, in vary-
ing measure, to the protein content of dietaries in different parts
of the world, skim milk powder® 1% 2 cheesel® %% and casein®™
deserve special mention. Besides, certain indigenous milk pre-
parations are of importance in particular regions. Among these
mention may be made of channa®®®, dahit™Y, Rheer]3® and

® Channa s the coagulum formed by adding acid or acidic liquids (citric acid,
lemon juice or acid whey) to boiling milk and consists mostly of casein with some
occluded milk fat,
+ Dahi is the curd resultiug from the lactic fermentation of milk allowed t
proceed ovemnight after inoculating lukewarm milk witha culture of home-made mid‘:
3 Kheer is condensed milk and is prepared by toncrntrating milk to # third of
the original volume over a steady fire.
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khoa} ™ 4% & which are popular in India and koumiss® * % &,
kefirt 32 and shubarl ¢ Yy which are, popular throughout the Middle
East. Whey!® 5 whic is a'Byé-pxléd\uc’t from the manufacture
of cheese!™, casein®™ % and ‘/"1"'1?5; :Lapd (sweet cream) buttermilkt®-3,
which is a bye-product from ‘the manufacture of butter, are also
potential' sources-ofr dietary protéins.in.vi vis. " i.- 1 26 Mlim v
Milk other than cow’s: " Buffalo’s niilk is comrén‘in-fost tropi-
éaFand sub-tropical countries'and'is used in the same way as cow’s
mitk®,' Mare’s ‘milk is a potenitial 'source of food*-ihich is well
digested "and absorbed by infanits”. Cheese®® and other productst®
tade out of camel’s milk are’ widely consumed in central Asia and are
considered to be a cure for anaemia. Exwe’s milk is popular in Hungary®
afld Israel®,’ In-view' of ifs'high nutritive’ value and digestibility,
qerr'nény has considered extended use of -ewe’s milk as a means of
improving the diet of her people™.  Ass’s milk, which is often used for
human consumption in Mexico™, -nearly approaches human'milk in
éomposition™. X : ’ .

Protein content: The protein content of cow’s milk is 3.0-
3.4 per cent™ ™7, cow’s colostrum, 13.7-15.0 per cent™ 7™,
buffalo’s milk, 3.4-4.2 per cemt™ ™™ 88L; ewe's milk, 4.7-5.6
per cent® * 7; goat’s milk, 3.7-3.8 per cent™ ™ 7] camel’s ‘milk,
3.5-3.8 per cent®; mare’s milk, 1.9 per cent’’; ass’s milk, 1.4-3.1
per cent™ ™ *; human milk, 1.2-1.5 per cent™ ™ 7 #; fresh whey,
0.8-1.1 per cent™ ¥ &, dried whey, whole, 12.3-13.5 per cent™ “’_”5
dried whey, fermented, 38.5 per cent™; dried (sweet créam) buttermilk,
32.3~35.0 per cent® #1; dried milk, whole, 22.0-25:7 pér cent™ 8 83,
dried milk, skimmed, 35.5-38.0 per cent™ ®"%; cheese, 6.7-21.9
per cent™; channa, 13.4-20.0 per cent™ ** ®; ‘dakhi, 2.9-4.2 per cent®™
=41, kheer, 6.9-13.0 per cent’™ ® and khos, 18.0-29.0 per cent™

a :

39, .
About 5 per cent of the total nitrogen of cow'’s r}iilk‘ﬁ'“ and zo-
40 per cent of the total nitrogen of human milk® are ac_coun‘Led for by
non-protein constituents, chiefly urea.
Amino acid composition: The amino acid ‘composition of
the proteins of milk and milk products is presented in Table XIv.
Except for a slight ‘deficiency in cjstine™ ® %%, whole milk, proteins
contain the other essential amino acids in adequate amounts a_ndr in
balanced proportions™ 74 8 898 10 and are particularly nch‘.m the
two #mino acids, lysine and valine, in which cereal proteins are
lly low. Thedeficiency of cystineinwholenﬁﬂgpmtemshasbe;n

. a is evaporated milk and is widely used in confectiohary. Itis prepared by
evapift{’:g milk gvith rapid stirring over a steady fire to a moisture content of 25-30
£ . IR .
PO G K pumiss is & mild alcoholic drink prepased by souring mare's milk with feast.
.- "t Kefir is similar to houmisy, but is prepared from goat’s and ewe’s milk. >
1 Shubat is similar to koumiss, but is prepared from camel’s fnilk.
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conﬁrmnd by feeding experiments™ and this, deﬂcxcncy is‘even greater
in casein™ % #1093, O the other hand, laétalbumin™ -t 102 165
10910 g pamcularly rich in this amino acid and to some extent compen-
sates for its deficiency in casein. In addition to lactalbumin™ 2 s> 1%
wn wens goactoglobulin® ¥ 190 1818, whey proteins™ ¥ and
butlenmlk proteins™® are well balanced with respect to all the essential
amino acids. B-lactoglobulin is particularly rich in lysine®™ 92 100 1%
115- 116, 118

Theé proteins of the milk of the buffalo™ #83%, ewe™ ™, goat™,
S6w!* and ass™ resemble cow’s milk proteins in amino acid compoesition.
Human milk proteins™ % 105 109 105: 122 differ from cow’s milk proteins
mmainly in having a higher cystine content. Values reponed in the
Iiterature for the methionine coritent of humart milk proteins are, how-
<ever, highly variable™ 5 8 86, 3%, 1ob 105 19 12 12 The proteins, it
<ow's™ 7™, buffalo’s™ and human™  colostrum contain more threo-
nine than the proteins in the corresponding mature milks.

Nutritive value: Cow’s milk proteins possess a high digestibility**
1M piglogical valued® &5 2612 and growth~promoting value'™
%19, They are, however, inferfor in nutritive value to whole egg
proteins!® M 130 34 e 56 in the nutrition of experimental animals
than of human beings'®.  Cow’s milk proteins are about equal to human
milk proteins in infant nutrition' . While the biological value and
digestibility of the proteins in buffalo’s milk*s and goat’s milk® are
nearly of the sameorderasthoseof the pmtcmsm cow’s milk, the gmwth-
‘promoting value of goat’s milk proteins is distinctly lower®.

The superior nutritive value of whole milk proteins over casein
is more evident at low levels of feeding than at higher levels®. For
maintenance in adult rats™, casein is slightly superior to groundnut
proteins, but inferior to wheat gluten, beef proteins and egg proteins.
For promoting growth in young rats'™, casein is of the same order as
beef proteins and whole egg proteins, being superior to wheat gluten
and groundnut proteins but inferior to egg albumin. For human
subjects', cooked casein is superior in nutritive value to wheat gluten
and groundnut protems, nearly cqu:xl to beef proteins, but dxsnncdy
inferior to egg p p ity of lactalbumin over casein
has been established in the casc of ratsto 1% 18 140; 10 g gl 132
but has not been confirmed in the case of human beings'™, \Vhey
proteins, whether heat-coagulated®, dialyzed!®, or in the form of iron
complexes (ferrilactins)* 4, possess a high growth-promoting value.

Processmg The biological value and digestibility of raw
casein for human subjects are reported to unprowc on cooking'™,
Both casein™™ ¥ and lactalbumin® 4 suffer heat i injury when sub-
jected to pr ing at hxgh temp

Sxmmennv of milk in an open Jpan for 15 minutes™, but not
pasteurization involving heating at 65°C for 30 minutes!®, is reported
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to depress the protein quality of milk to a considerable extent. While
spray-drying has practically no effect on the nutritive value of skim
milk™ and whey* ® proteins, roller-drying has a deleterious effect.
According to a stray unconfirmed report, skim milk acquires the
property of producing liver necrosis as a result of the drying process'.
Protein concentrates prepared by heat coagulation or methanol extrac-
tion of spray-dried whey are equal to lactalbumin in nutritive value,
but those from roller-dried whey are inferior™. There is practically
no difference in the nutritive value of the proteins in raw, evaporated
or condensed milk', in spite of the slight loss of Iysine during.the
process of concentration™. While the biological value and digestibility
of milk proteins and kheer proteins are practically the same, those of
khoa proteins are significantly lower'®, presumably as a result of the
heat-processing, which is also reported to bring about a slight lowering
in the arginine and Iysine contents®™. The growth-promoting value of
khoa proteins is, however, of the same order as that of milk and Rheer
proteins®®.

The effect of fermenting (souring) milk on the nutritive value of
its proteins is a subject of controversy®» 315118, Geyeral investiga-
tors have not observed any significant difference in the nutritive value
of the proteins of fresh and fermented milks, as determined by growth
in ratsi® 184122 or pitrogen retention in human beings'™. According
to a recent report, however, the biological value of fermented milk
(dahi) proteins, but not their growth-promoting value, is lower than
that of milk proteins™®® and this has been tentatively ascribed to the
loss, during the souring process, of certain essential amino acids™ ',
presumably arginine, lysine and methionine®. :

Supplementary value: The gross supplementary value of
milk?% 1% and milk products'™ like channa, dahi, kheer and khoa to
the poor rice diet has been amply demonstrated. Milk proteins supple-
ment ragi®® proteins and rice™™ proteins both by themselves and in
combination with legume proteins. As supplement to rice proteins,

ilk proteins are reported to be superior to legume proteins™. Milk
milk prof p perior to legume p: il
proteins also supplement the proteins of different legumes®, of potato™,
of corn 15151 and of wheat”® 2%, Tt has been reckoned that the
most economical use of skim milk powder as a protein supplement to
refined wheat flour is at the level of 10 per cent®.

Whey protei ppl cereal proteins®” in general and wheat
proteins'® in particular. Supplementary relationships have also been
demonstrated between (sweet cream) buttermilk proteins® and_ corn
or wheat proteins and between cheese proteins™ and wheat proteins.

MiLx PropucTs .

Dried milk: Consumption of dried milk by infants in pl.-et.'erer'\ce

to fresh milk has been suggested as an effective means of a.voldmg in-

fection with bovine tuberculosis'®®. The use of skim milk powder
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for improving the nutritive value of low cost meals, or indeed any diet
is an obvious recommendation® and its value in human diets has been
repeatedly emphasised®. Addition of dried milk to bread and other
baked goods* 1 increases both their nutritive value”** and palatabi-
lity” 83, 'The baking quality of skim milk powder is reported to be
considerably improved by suitable heat treatment® 18 1%%  Skim
milk can be incorporated in soups?, beverages', cheese spreads's®
and paste goods™ and can also be used as a medium for growing food
yeast'®,  Processed milk powder is reported to be a satisfactory egg
substitute!®s,

Casein: The manufacture of casein by different processes has
been described in detail®. The use of casein, either in 2 modifieas ¢
or hydrolysed® ¥ form for human ption is steadily i g
The method for the preparation of an easily dispersible composite
protein food from casein has been patented™.  Other protein foods
of therapeutic value include ‘Casinal'®, ‘Casilan™ and ‘Kralex™™,
The incorporation of casein in bread leads to small Joaf volumes™
and, in contrast to skim milk powder, the baking quality of casein is
not improved by heat treatment®. The value of caseinated biscuits
in combating protein malnutrition in infants has been recognized®.

Fermented milk products: Fermented milk (or curds),
known as dahi in India®** and yoghurt in Eastern Europe!™ and the
Middle East?, is a popular article of human diet in these regions, as
well as in Scandinavia®®®. In fact, the Jongevity of Bulgarian peasants
has been ascribed to their habit of consuming yoghurt in liberal quanti-
ties™®®. In certain types of intestinal upset in infants (and even in adults)
sour buttermilk is acknowledged as the food of cheice, replacing fresh
milk in the diet® ™. The preparation of sour buttermilk for use in
infant feeding has been described'™. The value of yoghurt in the treat-
ment of protein malnutrition in Egyptian infants has been appreciated®.,

Mg Bye-Probucts

Buttermilk: Drying, but not condensing nor isolation of casein,
has been suggested as the desirable first step in the utilisation of (swect
cream) buttermilk in human diets®. It can be incorporated to advant-
age in ice cream®™ ™ and in baked foods®%, The baking quality of
dried buttermilk is reported to be superior to that of dried skim milk®,

Whey: Whey, also known as milk serum, is a valuable bye-
product obtained in the cheesc® ™ and casein® industries, containing as
it does, some of the nutritionally important of milk, namely
its soluble proteins and mineral salts* ®, For these reasons, whey
has been highly esteemed from early times for its nutritive and
therapeutic value™ and its utilisation as human food in several forms
has received considerable attention in recent years'® -8 511n
However, only a fraction of the several million gallons representing Lh;
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soal producton of whoy i, iflernt countris”, scually_finds
"g;y)gllg:’at'lon at ,',h?w moment” a5 \‘,x.nymn ’(f?,?d“’ 8 Muck fo’]f '*ft ’ &%1}
fffr}f“.r},s(}o,‘k?.- it Info’ Bs;?(_.‘.'},,téi,s rx:n"anrr}f:)i- ‘It is reportéd ‘thiit h@grfy
7, billion péunds’of witey,: containing *7¢’ million pounds” of protéin,
is wasted annually in the'United. Statés'™.’ “In the Indian province of
Bengal alone,' as ‘miich-as’ 1200 'tons of whey, resultidg from fhé
praduction of channa, ‘is ‘thro\vp:’away daily®™. et I
- +'Since whey closely Testrbles Tiumar milk both in itstotal proféin
ontent'and in its lburiin'té glébulin ratio®, it i§ ideally suited for tsé
in infant feéding® ™ ™ biitits high content of minéral salts is a‘distinict
disadvantage® 1. 1In fact, it has been shown by feeding ‘expermichts
thitthe inorganic.constituents of ‘whey have'a’ detrithental>efféct on
‘the nutritive value ofsivhey. proteins'®, « The salt contént of:wheyrean!,
however, be-reduced to'about 0.2 per centiby electrodialysis®:andlthe
develop of this'technique is reported to have already reached the
gilot plant stage!™. » Desalted - tvhey has practically the same composi-
tion™ 1™-and physical propetties'™ as human milk and has been ‘uséd
withrsuccess as the base for thé preparation of infant foods™ ¥, 5:7C

Since liquid whey-cah'bé incorporated as.such in'many food pro-
ducts!™, the need fot its preservition in bulk arises. Different methuds
of preservation of 'whey 4ir'the liquid state have:beeniworked 'outy in~
cluding pasteurisation.;and addition; of. formaldehyde .or sodium sul-
phite’®,  However, partial®® 177, or complete’™ ¥, drying of whey and
separation of the proteins®™ 15-are desirahle- pre-requisites for the
utilisation ;of whey. solids in human food. Condensed whey,

prepared by. vacuum evaparation®: 8 1% or: spray evaporation’F.

It is reported that the consistency, of condensed whey. can jbe:con-

trolled independently, of the solids contentrby, medns of fermentation
P A

with  propionate-producing - micro~organisms'®, : Condensed ; whey
can be solidified by incorporationsof wheatiflour or. soya-bean flour
to 2 dry pulyerulent paste for, use.in 2 yariety of ways®™ ™., The
relative advantages of using the “spray drier®
drier'®, tunpel drier®, drum diieriford vdcuum drier™ have been
discussed. ,Removal of .cations .in,whey by; means sof -ion-exchange
esins prior to processing ds reported to have the advantage that con-
densed whey prepared from it is free from objectionable gooked:qdoggs
sor flavours, while the spray-dried powder prepared from it has sl,l'pgr_l_tg;
keeping, quality and easy dispersibility ,in watex:‘;“. «Tha-{s‘:olf't:%?;ﬁ
whey proteins™ 11 189 115 and their utilisation as 55,{9}31;"1 £
“or Aftér enzymic hydrolysis!®t 192 195197 i various f(lyo)c{ . }‘)jgod‘}lg_smi(l‘{lx&
received wide attention. . et -

382, 197,189,

ibe i i il Toods® inchl
“Whey can”be incorporated in differesit b_ake/d"foogs incly ling
bread®” ’z""”;‘ biscuits®, cakes™ ‘%nd;»iip‘{ig!l)nut_s”?. .Up s
per cént of dried whey can be addéd to'bread Withopt marked deteriord-
tion in the quality though, at this‘l'c:‘fel, it is'réported fo lmpzu;tl 2 Qh%&:_z
¥ r ad3’ Si he pobt baki i ey is
Bavour to the breadl, Sine the poot baking quafiy of ¥RV &4
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to the non-dialyzable fraction which is also heat-labile’, its baking quality
can be considerably improved by suitable heat treatment® % %,
Whey has been used as thé'bhse for the preparation of both non-
alcoholics? 17 20028, 4" alcohdlic™? 2% 2% 'heverages. ‘Milone’ 27>
28 js 2 well known aleoholic whey beverage. Attempts have been
made to incorporate whey in,ice cream®”, paste goods!®®, soups!® %+ 82
1, pracessed cheese® ™ *and cheese spreads'®®. Whey hasalso been
used as medium for the production of food yeast™ 8 367 #0215 5pg
edible fungi®*,

Lactalbumin: The recovery of lactalbumin from whey®” and

its utilisation-in different food products® ™ have been described in
detail. o




TABLE XHI
NUTRITIVE VALUE OF MILK PROTEINS

Protein {4 oo Nu;n'ﬁve Value
content : H iologi fHici .
SOURCE | NG | fentng | Mol cfime | Froin
% o % gest:’/t:hty m‘.o"'
Cow’s Milk
Milk, wholet® 8 89.0 93.7 1.3
lk s 2 10 1.8
Milk, whole 33 15 15
Mok 5 10 765
g 15 306
Milk, whole!®! . 90.0 95.6 o
Milk, whole* v 83.6 94.2 e
Milk, whole!*? - 90.5 93.4 -
Milk, whole*® e e 74.0% 94.0* .
f 120 10 756 94-8
Milk, whole! 1 o 5
Milk, whole®s® 5 93.4
Milk, wholes! . 85.0 i
Milk, whole? 10 82.8 89.7 20
Milk, wholett® . 43.0* o
Mitk, whole® 55.0° o e
Milk, condensed!® . . 84.6 98.8 .
Milk, evaporated!®* e 841 93.7
Milk, evaporated
(commercial lot)? ... 894 91.8
Mitk, evaporated
(experimental lot)'¥" ... 87.8 90-9
Milk, whole, dried® o] 22.0-24.0 3 93.0
Milk, whole, dried®® 25.0 10 we -9
Milk, whole, driedt 3 89-0
Milk, whole, dried's 20
Milk, whole, dried™*® 10 2.3
Milk, skimmed, dried® ... 8 89.0 90.0 ™
Milk, skimmed, dried® ... 38.0 10 . 1.5
. . . 5 89.0 90.0
Milk, skimmed, dried® ... 38.0 10 83.0 90.0
Milk, skimmed, dried® ... 380 5 e 20
Milk, skimmed, dried® ...1 372 o - o 28
10 v . 26
Milk, skimmed, dried®® ... 37.3 15 e 21
18 e e 1.8
Milk, skimmed, dried!™ ... 8 84.0 95.0
Milk, :kimmed, dried®? 89.9 32
Mk, skimmed, dried™ ... 1 785 96.6 -
. ined by human metaboli i
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Tapiz XIIL, Nutritive Value of Milk Proteins

Protein

Nutritive Value

Level of [, . Coefficient] i
content: i PBiological Protein
SOURCE Nx6.25 fce%:nz valae “{ﬁfﬂd'" efficiency
4 % e ity |  ratio
Milk, skimmed, dried™ ...| 345 i - - 33
Milk, skimmed, dried® ... | 346 10 2.8
) 8 36
Milk, skimmed, dried®® ...} ... 19 . 3.3
13 . 29
Milk, skimmed, dried® i ... 8 87.0 926
Milk, skimmed, dried, air
packed and stored at
37°C for 8 days™ .. 8 86.9 0.9
Muk skimmed, dried, sit
ed and stored 8t
B7°C for 1 monthi 8 788 894
Milk, skimmed, dried sir
par_k:d and stored at
37°C for 3 months®? ... 8 65.9 85.6
Milk, skimmed, dried, gas
packed and  stored at
37°C for 1 month®™  ...| .. 8 8.3 896 .
l\mk, skimmed, dried, gas
ed and  stored at
37“(: for 2 months™® ... - 8 675 859 -
Milk, skimmed, dried, sir
packed and stored wt
28°C for 3 months®™? . 8 712 878
Milk, skimmed, dried, gas
gaked wnd_stond e
for 3 mont] v . 8 5T 882
Milk, skimmed, dried,
;gued "h ro0m temp, fnr
mofiths? .- o 3 -
Milk, slammed, dried, bt w8
:toued a!; Toom (m\p. for
s
Mifk, skimmed, dried, - 83 876
stored at room temp.
for 54 months® . 71 881 "
Channai® - 1 &7.2 97.0
Cheeselt 8 760 1000
Cheesem® . 8 720 98.0
Fermented milk (dabi] 8 90.4 91.6 13
Fermented milk (dahiy= - 2 664 978 51
Kheerts . 1 761 972
1 23
Khoa | - 10 68.7 8.9 23
Whey powder,
ol arieds el - 8tesist L
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‘Taste XIII, Nutritive Value of Milk Proteins

Protein Nutritive Value
| Level of
SOURCE gontent: | “Eoing | Biological [SPERCEM) protein
%6. 9%, value est b)ht efﬁcxency
% % g x/ Y| ratio
Whey powder,
roller-dried®® . . 81.8-83.5 | 74.9-81.3 | 0.0.07
‘Whey powder,
spray-driedss . - . 90-3-93.9 . 1.7
Whey powder,
spray-dried’? i e 90-3-93.9 | 93.1-99.3 | 1.3-1.6
- 9 . e 23
Cascin®t 15 20
10 e 24
Casein®™ 897 15 . 17
18 o - 19
Caseinl1® . 10 .. e 31
Casein!% .o 5 70.8 - s
Casein® . 841 - 89.0-94.7% vee 27
Caseinl¥? 892 51.0 96.0
Casein® . . 26
Casfin“‘ . 68.5% 95.5% "
Caseint®t 1 e
Caseint® e 5 . .
. 69.0 e
Casein!t* 84.4 9 . 2.1
1 2.0
Casein®™ 83.8 11 P =
Casein®® 10 650 100.0 .
7 s 0.7
Casein®™ 84.0 10 1.5
13 . 17
Casein®? wae 788 844
Casein® 8s.8 18 &5 27 .
Casein®* 10 95.5 20
Casein*® 66 5 98.9 .
Casein from fresh shim 10 70-3 . 22
milk powdes®® 20 1.3
Casein from stored sklm 10 645 11;19
milk powder?® 20 10;12
57.0 93.0 v
Casein, heated at Ho°C 888 10 s ;Z
for 30 mins.1¥ 13- . &
i 120°C fc
% o e ol 5 95.0
* 4 ined by human is 31 t:
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Tasie XIIL,  Nutritive Value of Milk Proteins

Protein

Nutritive Value

Levelof | . [Coefficient] .
content: i Biological .| Protein
SOURCE Noc62s | fegine | POke " |of tedi-| irciency
% i % |5 % Y1 ratio
Casein, mzsted at 150°C
for 66 hrs. 1 5 73.0
} 16 723
Casein hydrolysated o] H Ford
Lactalbumint . 24
Lactalbumm® 1821
Lactalbumintio 33
Lactalbumin® 35
Lactalbumini® S 9 12
Lactalbamintt 1 -
Lactalbumin®t . 3 20 oo -
Lactalbumin®! 85.0 97.6
Lactalbummss 29
Lactalbumin,
heat-coagulatedist . ™ —ee .. oo 3.3-3.7
actalburnin, heated a2t
e o L 5 560 69.0
Lactalbumin hydrolysatet | .. n n2

Whey proteini! .
Whey protein®®
‘Whey protein,

hent-wagulzted“ . . 2.1-2.5
Whey pratein iror

complex (fernlactin)""... P e e B 34
Milk from other animals
Buffalo’s milk, wholett ...| 3.6 n 3
Buffalo's milk, whole®® .| ... e 87| 29 -
Goat’s milk, whole% ... 3.7 llg It g"g

N 10 67.7 8.5
Goat's milk, whale® .| ... 1 a1 &
®d by human bolis

4 denotes Net Protein Utilisation (Biotogical value X
Coefficient of true digestibility.)
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TABLE X1y, AMINO ACID COMPOSITION

. AMINO
SOURCE Protein
content | Arginine|Histidine| Lysine |Tyrasine] ToRL"
o % % % % P, %
Cow’s Milk
Colostrum* w | 150 42 24 8.0
Colostrum™ " 16.9 28 2.6 7.2 7.0
Colostrum (unfertilised -
eed)™ 14.0 5.2 2.7 7.8 1.8
Co!Derum (fertilised feed)" 13.7 4.6 26 74 1-8
Colostrum, 1 br, after M R
parturitian™ | 140 5.3 28 7.6 18
Colostrum, 24 hrs, after
parturition™ 10.2 5.0 29 72 o 23
Colostrum, 24 hrs. after
parturition  (unfertilised
feed)™ 65 5.5 28 7.6 16
Colostrum, 24 hrs. after
parturition (fertilised
feed)” 8.1 4.3 27 7.7 . 1.7
Milk, whole™ 3.3 3.8 19 6.1 52 14
Milk, whole™ 3.0 34 23 89 53 14
Milk, whole™ 34 3.5 27 8.5 e e
Milk, whole® - 4.3 2.5 7.5 53 16
Milk, whole*® 4.3 26 7.5 53 1.6
Milk, whole*? 4.3 25 [T 75 53 1.6
Milk, whole”® 4.2 2.6 87 60 1.5
Milk, whole®® 3.6 24 8.7 13
Milk, whole!®® 4.3 25 7.5 53 16
Milk, whole (Sindhi bre:d)"' 3.2 3.9 1.8 11.6 e 1.2
Milk, whole (Cross breed)®* e 22 1.9 6.1 P 12
Mk, 60 days after
Mpartunnon" 34 33 2.8 78 v 1.5
alk, 60 days after pamm.
tion (unfertilised feed)™ 32 4.2 2. 80 . 1.4
Milk, 60 days after parturi.
tion (fertilised feed)” ... 33 4.0 28 78 e 1.6
DMitk, 90 days after
parturition” 3.6 4.0 32 68 . 1.7
Milk, temunal (unfetnhscd
feed)™ 4 4.6 7 7.9 - 14
Mnlk terminal (fertilise:
ed)™ ¢ “ 4.8 4.0 29 7.6 v, 1.3
Mxlk evaporated™ 63 34 20 74 49 12
J\/blk evﬁponu:d"" oee 41 28 84 59 1.5
Mﬁ evaporated®® g 6.9 32 2.5 72 53 14
evaporated, stored for
Mtk evepy el e9 | 28 21 59 1 53 13
e L AN AN A SO
whole, spray-drie 5 X . . .
Milk, skimmed, ‘énzd T ogs | 31 24| 83| s3] 14
Milk, sklmmeg dneg:' . 35.8 31 23 7.8 50 1.4
Ailk, skimmed, dried™® ..
lltmk skirmed, dneddl“ ed 400 30 a3 73 23 1.0
kimmed, dried, stot
Nxéakr s51 months® 360 30 22 7.0 5.0 1.3

® (C: Chemical; CC: Chromatographic;
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OF MILK PROTEINS
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Tante X1V,  Amino Acid Composition

N AMIND
Protein
SOURCE
content | Arginine | Histidine| Lysine | Tyrosine T'?t‘"
% % % % % | Pt
%
Cheese® 3.6 33 85 6. 1.
Cheese (Cheddar)»? 35 32 82 63 l-g
Fermented milk (dahip® ... e 1.5 1.9 57 . 1.2
Fermented milk
(buttermilk), dried™ ... 388 31 2.6 6.7 28 13
Khoa* 341 20 5.8 1.2
3.9 20 &0 55 13
‘Whey*®
‘Whey, driedi®® 169 1.8 1.2 4.7 0.6
Casein™ 3.9 20 6.0 13
Casein™ 36 2.6 83 1.2
Casein® 4.2 3.0 7.9 12
Casein®® 42 3.2 8.5 13
Casein!®® 3.9 28 7.7 11
Casein!®t 4.1 2.5 6.9 1.5
Casein?™ 3.7 3.0 7.7 54 14
Caseint® 41 B 82 63 1.2
Casein'®® 3.9 34 7.0 5.5 14
Casein!®® .
Casein'® 3.6 2.9 71 6.4 1.3
Casein'®® 3-8 18 6.2 60 1.1
Caseini® 37 17 61 5.8 14
Casein!tt .- 3.6 2.6 76 6.5 o
Casein!?* .
Caseint®® 4.0 3.1 7.7 . 12
Casein'!® 96. 4.2 4.2 8.8 5.6 10
Casein®! 854 38 | 28-30 8.1 6-2 1.3
Casein hydrolysate02 . P 4.3 31 7.3 2.3 1.4
Kralex (milk protein
supplement)® 13.2 3.8 2.9 80 60 1.2
Lactalbumin®™ 3.6 14 6.2 3.5 21
Lactalbumin® 3.9 21 9.6 4.4 2.5
Lactalbumin®® 4.0 2.3 10.5 53 2.5
Lactalbumin'® 3.3 2.1 71 34 22
Lactalbuminié¥ . 4.0 1.8 6.3 3.6 19
Lactalbumntie pon e 4.0 10-5 53
Lactalbuminit 32 1 84 4-6
Lactalbumin®? .
Lactalbumin  hydrolysatett? 92.5 4.1 24 9 27
B-Lactoglobulin®® 3.0 1.5 114 43
B-Lactoglobulin’ 3.0 1.8 1.4 43
B-Lactoglobulin1® 2.8 1.5 111
Jf-Lactoglobulint® 2.9 16 114
B-Lactoglobulinit e 1.6 es
B-Lactoglobulint® 2.9 1.6 12.6
B-Lactoglobulintt® 29 7 112
B-Lactoglobulint®® 32 1.6 11.0 .
Whey protein®® o 35 14 7.8 4.7 18
‘Whey polypeptide iron 02 ) 20 09

complex (carniferrinto..,

o
®



Method
of
Estima-
tion

MM
MM

M
M

Valine
%

o

62
77

-

B i

77
7.0

Isoleucine!
%

bl
G

7.5

Qa
I

66

Qoo ng
RERotuRn

%

29
S

9.5

o

9.5
108
10.3

%

 Threonine| Leucine

ried
Ao

4.4

o %
R

4.8

Methio-
nine
%

1
Y4

1.8
21

Qraa
A

25

Cystine
%

of Milk Proteins
ACIDS
Phenyl-
alanine
%

+%
=1-4

X}

i
-3}

41

49

cc

50

3.3 61
135

27

2.5
25

14




Tapte X1V. Amino Aeid Composition

AMING
SOURCE Protein
content | Arginine | Histidine Lysine |Tyrosine| TJpIO~
% % % %% | T
Milk from other animals
Ass’s milk?” e 37 14 7.9 2.4
Asg’s milk casein®? o 43 3.2 70 v
Ass’s milk lactalbumin®t ,,, e 51 14 90 o
Buffalo’s colostrum?? e 20.3 3.8 23 66 o 1.9
Buffalo’s milk1® i . e o 74 N 1.6
Buﬁ'nlo s milk (Murrah
breed) 4.2 30 23 83 10
Buﬁ'alo s ml]k (Mchsana
breed) 34 3.4 20 7.0 1.4
Buffalo’s milk (Surti breed)“ 37 e m 7-0 1.6
Buﬁ'alo s, mllk (Delhi
bres 3.9 v 76 o 1.8
Buﬂzlo ¢ mxlk sklmmed 3 21 01 12
Bitbors milk, fermented " h
(dahi)® 17 17 7.9 . 11
Buffalo’s milk khoa® B 23 2.0 8.0 . 1.2
Buffalo’s milk casein®® e o 82 e 1.3
Buffalo’s milk casein (Surti
g Pescdt o 81 . 12
uffalo’s i casein (Delhi
breed)® @ 8.5 15
Buffalo's milk whey
proteini?® . e o 95 . 1.1
Buffalo’s milk whey prot
B {Surti breed)“h e o 92 12
uffslo’s milk whey promn
(Dethi breed)®® . o " 94 1.1
Ewe’s colostrum™ 183 40 25 8.0
Ewe’s milk? 47 33 2.8 -6
Ewe's milk™ 5.6 11 2.2 54 .
Goat’s milk"” s 3.8 53 21 95 o
Human colostrum® 5.5 2.6 65 54 2.0
Human COIOSE;“H:;“ ;o 8.6 6.0 21 59 24
Human milk (1st day o
Hlactatlonl)k (nd day of e 4.5 58 2.2 59 o 24
s nd day of
HI;::;:::’:)“’“ hd s 2.2 5.3 24 6.8 e 1.8
uman milk (4th day of
Hlactanon)‘l;‘ (10th 4 G 3.6 20 57 e 1.5
uman_mil a7 o
lactation 13 3.3 2.0 6.1 i3 é‘;
Human mik™ 4.5 1.7 2:3{ ! o9
Human milk’? 4.5 1.0 5-7 e 2
Human milk®? 3.5 2.0 7-2 53 is
Human milk®® 4.3 2.8 7-2 5*1 1
Human milk? 50 27 72 ¥ 19
Human n'u}l,:::; i 5.0 27 & 19
Hﬁ::g :::lk casein™ 3.4 124) :s;g _G;is : 11;
Human ml]lt casem::: e 2 gg 1-? 5:5 5:5 H
casein! . 5 B
Human Tk Tactalburin’s 5.0 15 66 45 23

P
o
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of Milk Proteins

ACIDS l Method
of
Phenyl- N Methio- Th " Leuci: Isoleuci Vali Estima-
.h::i he Cy:/:me n:»/: " rg.Zmne u:\’/ime 50l co}:cme %:ne o
2.0 3.9 4.9 8.9 35 lg
N e - o . c
39 . 1.8 9.0 8.2 2.6 77 M
4.8 1.3 2.7 4.8 28 5.5 57 M
39 2.9 5.5 10.7 44 61 M
4.6 1.8 " 28 4.6 9.5 57 5.4 M
4.6 e 2.3 5.0 97 51 56 M
4.8 . 27 47 100 5.4 60 M
3.4 29 6.0 101 3.4 7.6 M
29 1.6 4.8 9.6 28 6.2 M
29 2.1 4.1 1.3 34 67 M
5.5 0.3 2.5 46 10-2 7.0 69 M
57 2. 42 101 6.4 67 M
5.2 2.8 6 10.5 6. M
5.3 3.8 2.6 39 8.7 53 41 M
5.0 1.0 40 8.8 5.4 12 M
53 3.0 39 8.8 53 4.2 M
35 19 69 9.7 48 81 M
4.3 .6 4.4 9.8 5.6 7.5 M
3.9 2.7 5.9 10.0 3.1 6.5 M
3.7 20 6.6 84 2.6 4.2 M
59 2.5 1.8 5.0 7.9 5.4 6.9
44 1.0 7.3 77 3.5 6.7 Mlﬂ
. 44 12 70 7 40 67 M
40 14 60 8.1 48 64 M
3.4 12 41 8.2 4.9 57 M
3.2 . 1.3 4.2 7.5 5. £
5.1 27 1.9 42 15.2 s.g f,: Jg
22 0.8 4.2 89 3.8 47 M
3.3 0.9 4.2 7.6 4.8 5.8 M
5.6 34 22 4.6 9.8 7.5 88 MM
5.9 34 20 4.6 15.0 5.0 5.0 MA
59 :;:g g-g 46 15-0 52 55 MM
53 0.6 2.3 i 132 ¢
0.7 22 “ 50 ¢
0.6 27 o “c
48 3.8 17 40 16.7 43 4.1 c
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TasLe XIV.  Amino Acid Composition

AMINO
Protein
50
URCE content | Arginine [Histidine | Lysine | Tyrosine] TTYPI"
% % % % % | P

Human milk Jactalbumin?®? . 5.0 1.7 6.6 4.5 25
Human milk whey protein1® - 52 1.1 5.8 52 2:3

Sow's colostrumttt 15.2 6.0 21 65 e

Sow’s milki#t 5.7 57 22 74 . .
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of Milk Proteins

ACIDS Method
Tethie d

Phensl- | Gystine [ Methio- Mhreonine | Leucine |Isoleucine] Valine | Estims-
lanine o/ nine o/ |y ly 0/ tion

we % by A b b A

41 14 . c
31 19 : " ' c
41 12 5.2 9.1 3.9 63 M
35 . 14 35 8.0 12 50 M
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Taste XIV. Amino Acid Composition

AMINO
Protein
SOURCE
content | Arginine |Histidine| Lysine | Tyrosine Tryﬁ)tu-
% % % % % | Py
%
Human milk lactalbumin®® 5.0 1.7 66 4.5 2.5
Human milk whey proteintos 5.2 1.1 58 52 23
Sow’s colostrum?®t m 15.2 60 21 6.5 .
Sow’s milk!# 5.7 5.7 22 74 v .
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CHAPTER VIII
M EAT*

It koned that approxi ly one-quarter of the protein requirements
of the civilian population in the United States, Canada and England
is provided by meat products‘ The annual per capite consumption
of meat in these countries is of the order of 1401bs. in contrast to the
very much lower intake in under-developed countries’. The con-
sumption of meat in India reported for the year 1931 is only 3 Ib, per
head per annum® Post-war estimates also place the consumption
of meat by the Indian population at very nearly the same figure, dis-
tributed almost equally among beef, pork, mutton and goat meat?,

Protein content: Irrespective of species, mammalian muscle
tissue contains about the same 2mount of proteins—21.2 per cent to
21.9 per cent on the fresh weight basis and 73.7 per cent to 88.1 per cent
on the dry weight basis®. Beef organs, however, differ widely in their
protein content—from 10.6 per cent (brain) to 23.7 per cent (liver)
on the fresh weight basis and from 48.4 per cent (brain) to 76.4 per cent
(kidney) on the dry weight basis®. The protein content of chicken
meat is reported to vary from 20.1 per cent to 30.6 per cent on the
fresh weight basis and from 75.0 per cent to g2.5 per cent on the dry
weight basis™ &,  For the same quantity of protein (16.3 g.) supplied
by 100 g. of edible portion of beef carcass, one would have to consume
465 g. of fresh whole milk; this gives an idea of the relative concentra-
tion of protein in meat as compared to milk?,

8 per cent to 14 per cent of the total nitrogen in meat is reported
to be non-protein in nature’,

Amino acid : The ins in i
cuts of edible meat such as beef, veal, lamb znd pork contain Liberal
amounts of the essential amino acids in similar proportions® %7,
The distribution of the essential amino acids in chicken meat?® and
rabbit muscle’ also follows approxlmatcly the same pattern.  In general,
meat p fish proteins in amino acid composition; so,
dependmg on the availability, fish can replace meat in human diets
and vice versa, without materially affecting their overall protein value®,
Compared with egg proteins, meat proteins are higher in histidine and
lysine and lower in leucine, isoleucine, valine and methionine?, Meat
proteins contain larger amounts of arginine, histidine, Iysine and
methionine and smaller amounts of leucine, isoleucine and valine than
milk proteins®.

As a class, meat proteins are rich sources of lysine?®* gnd
methionine® 3%, \While the proteins in horse meat are reported

*® Including offal.
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Meat Products: Dehydrated meat, also known as jerky or
P i received iderable attention during the second world
war but did not become popular because of its poor palatability™,
Inclusion of a small proportion of connective tissue is reported to
enhance the nutritive value of the proteins in dehydrated meat®™. Beef
powder obtained from scrub cattle in Kenya is a cheap edible product
with a satisfactory shelf-life and has been used successfully in the
treatment of kwashiorkor™.

Mear OFFaL

Edible meat bye-products from cattle, sheep and pigs have been
surveyed®. It has been suggested that among possible supplements
to dietary nitrogenous resources, hydrolysates of blood, ossein and horn
merit consideration™.

Blood: The amino acid composition of whole blood proteins
are presented in Table XVI. Their value as sources of dietary protein
lies in their high lysine content, but they are deficient in isoleucine,
and the sulphur-containing amino acids!® !, Likewise, haemoglobin
also is deficient in these essential amino acids*, in contrast to fibrin,
which has a fairly well balanced amino acid position'” %, Fibrin
is particularly rich in tryptophan®, and serum albumin in lysinet.
The red blood cell stroma proteins as shown with five mammalian
species contain practically identical amounts of different essential amino
acids; they are richer in histidine but-poorer in lysine than the corres-
ponding muscle proteins® 4,

‘The net protein utilization of commercial blood fibrin fed at 10
per cent level in the diet of young growing rats has been found to be
fairly high, of the order of 77 per cent®, Whole blood proteins, how-
ever, do not support normal growth in rats*™ ¥, The supplementary
value of blood proteins to wheat gluten and to yeast proteins has been
demonstrated®.

During the second world war, large quantities of blood serum
and plasma from the slaughter houses were used for feeding the
population of Amsterdam and this helped greatly to reduce the death
rate among children and the incidence of hunger oedema in the adult
population®. The potentialities of dried blood as a source of dietary
protein has come to be increasingly realized in Switzerland®. Dried
beef blood is considered to be a cheap and facile raw material for the
production of amino acids, the yield being ¢.4 to 0.5 kg. of amino acids,
per kg. of dried blood®. Specially processed edible blood albumin
can be used in baking and for other purposes as a substitute for egg
white; a pound of this product is claimed to be equal to the white of
500 eggs®™.  The need for exercising great care in collecting blood from

the abattoirs for purposes of being processed as human food has been
emphasised®.
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to be deficient in tryptophan?, those in beef are deficient in cystine®,
"The proteins in the beef organs such as brain, liver and kidney are similar
in composition and diffet from those in muscle tissue in being poorer
in lIysine®? and richer in cystine™?, tryptophan? and phenylalanine”,
Human muscle protein®™ 1 is reported to contain the essential amino
acids in the following percentages: arginine, 8.8; histidine, 2.4; lysine,
6.6; tyrosine, 4.1; tryptophan, 2.3; phenylalanine, 35.3; cystine, 2.3;
leucine, 8.9; and valine, 6.4; this would obviously represent the most
optimal proportions of these essential amino acids in human diets
conducive to tissue growth and maintenance.

Nutritive value: Meat proteins are almost completely digestible
(98 to 100 per cent)'. The biological values of the proteins of the
meats from both animals and birds have been studied extensively
and found to be high (Table XV). Thus, sparrow proteins® are report-
ed to possess a biological value as high as ¢8 per cent, The growth-
promoting value of the proteins in chicken and beef compares favourably
with that of fish proteins®. Beef proteins are inferior in nutritive
value to egg albumin or whole egg proteins but superior to casein;
wheat gluten or groundnut proteins as judged by growth in young
rats” and maintenance in young oradult rats®, aswellas human beings™:
The biclogical value of beef proteins is higher than that of the
proteins of goat meat or buffalo meat®. Beef from grass-fed cattle
has practically the same nutritive value as that from grain-fed
cattle®™, -

The performance of growing children on predominantly meat
diets has been reported to be superior, in a number of respects, to
their performance on diets in which the protein is largely of
leguminous origin®. Further, the response to gain in weight® or
regression in anaemic conditions® is greater with meat than with
milk.

Supplementary value: The supplementary value of meat pro-
teins to pea proteins® and egg proteins® has been demonstrated.
Meat proteins also suppl t cereal p ins¥*? and are superior to
groundnut proteins in this respect®.

Processing: Roasting®™ ® or corning® does not bring about
any change in the nutritive value of meat proteins. The essen.txal
amino acids in roast beef are completely available to the rat?, showing
thereby that the process of roasting does not exert any deleterious effect.
‘The inft of ing®  and cooking™ ™ on the nutritive value
of meat proteins is a subject of controversy. Heat-processing, as
employed in canning, has no effect on the essential amino acid com-
position of meat proteins'® u, Cooking does not materially alt}:r
their lysine® or leucine®™, isolel.lcu-.w"‘ and va{xnef‘ contents. _Tue
protein quality of meat is not significantly altered b)’vs dehydration®,
especially if it is carried out rapidly at Jow temperatures™.

148




undigestible residue, in each case, contains more cystine than the
original material™, The preparation of keratin hydrolysate in a form
suitable for incorporation in bread dough has been patented™.

Besides being rich in cystine, keratins are also characterised by
a high content of arginine®® 4 5™ and threonine!® ™, and
a low content of histidine®® 5% & 8 70 8 JyginetTs 67 63 7 28 and
methionine!® 5 ¢ % % Tryptophan could not be detected in
certain keratins®™.

Powdered swine hoofs support growth appreciably in rats and as
a source of dietary proteins are reported to be even more satisfactory
for growing chicks™, On the other hand, growth in rats or chicks is
poor on diets based on powdered hog hair™. Rats fed diets containing
wool ™ or chxcken feathers™ as the sole source of protein do not at all
grow unlessth )l wnthlysme,lustxdme, tryptophan
and met.hmmne. The eﬂ'ect of particle size and method of grinding
the keratins on their nutritive value for rats has been investigated;
the rates of growth, in general, show a positive correlation with the
degree of subdivision of the keratin™.




Connective tissue: Of the two major proteins of connective
tissue, viz., collagen (or ossein) and elastin, the former gives riseto gelatin
on controlled hydrolysis®. Collagens from different tissues and from
different mammalian sources are similar in amino acid composition, as
are elastins from different species of animals and from different tissues®.
‘These proteins are deficient in most essential amino acids excepting
arginine and lysine in collagen, and phenylalanine, leucine, isoleuci
and valine in elastin®, Gelatin is a rich source of lysinet® 5% and
arginine!® & 4% 50 86 5 hyg s deficient in several essential amino
acids™, notably histiding®™ 4 ¢ 8 8 5 and the sulphur-containing
amino acids™® % % 7 and is, in addition, practically devoid of tryp-
tophan®® 4 %, These deficiencies on the one hand, and on the other,
the disproportionately high levels of certain non-essential amino acids,
notably glycine® and proline® cause marked amino acid imbalance
in gelatin. This is responsible for the inhibition in growth even when
gelatin is fed with a mixture of all the essential amino acids™¢!,

Gelatin possesses a fairly high digestibility® ®, The biological
value of even 25-30 per cent®™ ® attributed to it is, in the recently
expressed view of Bender et al®, too high because of the complete
absence of tryptophan in this protein. In support of this view, they
obtained by the carcass nitrogen method a value of 1-4 per cent for the
net protein utilization®. Gelatin does not support any growth in
rats® 5 Being rich in lysine, gelatin is capable of correcting the

deficiency of this amino acid in cereal proteins and therein lies its value
in practical nutrition®. The supplementary value of gelatin®™ %
of beef tea® (in which gelatin contributes 70 per cent of the nitrogenous
extractives) and of a mixture of gelatin and fibrin hydrolysate® to wheat
proteins has been demonstrated.

Gelatin is a wholesome food®® and is extensively used as a stabilising
agent in the manufacture of ice cream® ® and in other food products,
notably gelatin dessert and marshmallow®,

Keratins (Scleroproteins): Although keratins have been in-
vestigated in detail for their amino acid makeup!® > & €9 (Table
XVI) and for their suitability as poultry feed™?, there is little possi-
bility, in the foreseeable future, of their being used as a source of
protein in human diets. The results on keratins are incorporated
here more from the point of view of completeness of information on
proteins in general than from the point of view of their potentiality as
sources of dietary protein. Asa class, they are rich sources of cystine®”
31 @10 and for this reason, it has been suggested that they may be
used, after suitable pretreatment, as supplements to vegetable proteins
like yeast proteins which are poor in this amino acid® ?. Con-
siderably more than half of the dried and powdered hoofs of cattle,
horse or hog has been reported to be digested by proteolytic enzymes,
hog hoof being the most digestible and horse hoof, the least; the
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Tane XV, Nutritive Value of Meat Proteins

Protei Nutritive Value
ein L I of e
SOURCE content: | 7ot O [ Biological {COMAt) protein
Nx6.25 % value |[OFtTUCCE ) efficiency
% o h gestibility ratio
%
Beef powder, commercial,
dried, defatted (benzol
extracled) 93.8 9 2.6
Beef powder, Ccmmerclal
dried, defatted (benzol”
extracted) 983 25 694 99.0
Beef powder, commer
dried, defatted (henzol
extracted) %83 | 35 67.0¢ | o7.00
Beef, boiled to an internal
tetp. of 84°C*2 7 600 986 24
Beef, nutoclaved at 15 1b.
pr. for 7 mins.® 7 620 9.4 24
Becl, autoctaved at 15 I,
for 60 7 560 984 18
Beef round o grass-fed
steers, canned?! 10 740 940
Beef rotind from grain-fed
steers, corned? 10 745 99.0 .
Beef 1ib from_grass-fed
steers, roasted® . 10 790 98.5
Beef round, roasted®® ... | ... 10 748 9.3
Buffalo meat, dried® ...| 810 | 19 FI -
sed” 10 95.2
Goat meat, dried® ... | 711 15 e
Ham, whols® g 1000 .
Ham, freshtt 10 . 3
Ham, cured* 10 32
Ham, dry-cused® .| 1 10 33
Horse meat, raw® .| .. H - - 39
Horse meat, autoclaved at 5 2.5
15 Ib, pr. for 60 mins ¥ 7 28
Lamb® 10 23
Mutton, dehydrated
(aversge of 4 samplea)®* 10 z
Porkt 10 22
Pork muscle®® 10 25
15 19
Pork tenderl 10 .
Pork tenderloin® 1] 750 1000 “
8 28
Pork, debydrated” L . 1 >4
17 19
20 20
* determined by human '
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TABLE XV
NUTRITIVE VALUE OF MEAT PROTEINS

. Nutritive Value
Protein | Level of —  Cocficient]
SOURCE content: | feding | Biological N Protein
N >§6.25 % valge | Of truedi- efficiency
% ° % gzst‘lyba ity | ™ atio
Meat
Avian
Chicken, raw® . 8 33
Chicken meat, dried* . 75.5 8 36
Crow, whole'® .- . 9 68.0 -
Pigeon, wholet® aer . 9 88.0 “ ..
Sparrow, whole!® - . 9 98.0 o e
Mammalian
Beef . 10 s 22
Beef?" - . 69.0
Beef muscle®™ 7154
Beef, raw’* 7 67.0 97.6 2:6
Beef, raw® 8 P " 30
Beef, rawst e b - - 26
Beef, loin raw?? 9 .. e 39
Beef rotind? 9 758 100.0
Beef round® 10 73.8 996 .
Beef round™ 9 74.6 100.0 .
Beef round™ . 10 781 99.6 .
Beef round® oo 10 756 99.5 e
Beef round, raw” . 28 9 s e 3.8
Beef round, raw, from
grain-fed steerstt " . 10 775 990 .
Beef round, raw from
ss-fed steers?t 10 79.2 97.7 .
Beef rib, raw, from grass-
fed steerst! .- 10 780 98-0 .
Beef steak®® - e 84.0% 97.0%
Beef, dried® . %.0 8 e P 33
. 10 68.6 973 v
Beef, dried® " 81.4 15 537 03.4 o
8 2.3
Beef, dehydrated” ... 1 28
20 - 20
Beef, dehydrated (average
of 18 samples)® 10 e 97.1 3.2
Beef powder, feboratory
sample, dnedh defatted
alcohol exan
Gloobceais " | gsa 9 - 32
+ denotes Net Protein U il 7 (Brolost value X C of true )




Tavte XV, Nutritive Value of Meat Proteins

Protei Nutritive Value
rotein f T It
SOURCE content: | 2% o Vpiotogicat | Coetficient] protein
NX6.25 % value stibility efficiency
% % ge: b ratio
Beef powder, commercial,
dried, defatted (benzol-
=xmcted)“ . 93.8 9 26
Beef powder, commercial,
dried, defatted (benzol:
extracted)it 983 | 25 694 9.0
Beef powder, commercml
dried, defatted (benzol:
extracted)" 083 | 3-5 6700 | 9700
Beef, boiled to an internal
temp. of 84°C" 7 600 9.6 24
Beef, sutoclaved at 15 1b.
pr. for ¥ mins.* 7 620 9.4 24
£, autoclaved at 15 Ib,
B i . 7 56.0 98.4 18
Beef round from grass-fed
steers, canned™ 10 740 94.0
Beef round from grain-fod
steers, torne 10 745 9.0
Beef 1ib from grass-fed .
steers, roasted® . 10 79.0 98.5
Beef round, roasted® ... | ... 10 7438 9.3
Buffalo meat, dried® .| 810 | 1 25| B -
Goat meat, dried® .| 711 0 pris a3 -
Ham, whole? 8 740 | 1000
Ham, freshtt 10 . 33
Ham, cured* 10 32
Ham, dry-cured™ 10 o 33
Horse meat, raw'® ; gg
Horse meat, sutoclaved at 5 e 2.5
15 Ib. pr. for 60 mins, 3% 7 2.8
Lamb 10 23
Mutton, dehydrated
(aversge of 4 samples)ss 10 . :
Pork® 10 2.2
Pork musclet? n - - 23
Pork tenderloint 10 3.
Pork tenderloin® 10 790 | 1000
o 4
Pork, dehydrated! R 24
20 20
*d ined by human b




Taste XV. Nutritive Value of Meat Proteins

. Nutritive Value
Protein Level of = -
SOURCE content: | feeding | Biological i | Protein
Nx6.25 | % value  |oftruedi-| gl
% % % gestibility ratiocy
° %
Pork, d:hydrated (uverage
of 16 samples)® " 10 m 98-2 34
10 2.7
Pork, raw, cureds? 20 19
29 e s 14
9 2.3
10 27
Pork, canned, cured” ... e 18 18
20 1.9
29 e 14
Pork, fresh, roasted” ... lg . %g
Pork, fresh, fried” .| ... g - : o4
Veal? ' - 62.0 s o
Heart (beef)® 66.61 B ..
Heart (beef)* . 10 31
Heart (beef)® . 10 740 100.0 o
Kidney (beef)** 10 s o 29
Kidney (beef)* 10 77.0 95.0
Liver (beef)® .
Liver (beef)* 10
Liver (beef)*® 10 71.0
Liver (beef), dried® ... v 5 57.0 88.0
Liver (beef), heated at
100°C for 2 weeks™ ... 5 51.0 79.0 oo
Liver (beef), extracted
with alcohol for 130hrs.*° e 5 250 340 ae
Pancreas residues®® 38.5¢ e
Stomach (hog)*® ] 5731
Meat Offal
Blood
Blood (beef)® 3.8¢
Blood fibrin® 10 76.6 o ren
Connective tissue
Gelatin®® 10 250 96.0 .
Gelatin® 1.4t
1 denotes Net Protein Utilizatjon (Biological value x C entof tr b )
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TABLE XVI. AMINO ACID COMPOSITION

AMINO
SOURCE Protein
. content | Acginine Histidine| Lysine (Tyrosine| TPt
d % % % % | T
/o
Meat
Meat?® s 71 5 5
Meat scraps®? o 7-0 §75' g é g; s;
Meat scraps®™ 5.4 3.5 61 2.2 0.6
Amphibian
Amphibian muscle? - e 6.6 21 79 4.8 14
Frog muscle (leg)® - 17.5 6.6 2.1 8.0 47 1.4
Avian
Avian muscle® 7.0 2.3 8.4 41 12
Chicken muscle® - o 71 23 84 4.3 1.2
Chicken muscle (fight
meat)% T 306 6.9 2.3 84 42 13
Chigken musele {dark
meat)s ? 5 26-2 71 2.3 8.4 4.3 12
Chicken meat, Jight® 233 59 3.7 7.5 1.2
Chicken meat, dark® 18.4 6.1 29 8.8 - 09
Chicken gizzard® 19.8 5.6 23 60 o 0.8
Chicken liver® 18.9 71 3.8 73 . 0.7
Mammalian
Mammal-entire animal® ... o 73 2.8 6.5 32 1.0
Mammalian muscle® . e 71 2.3 8.7 4.6 1.3
Mammalian musclet? e 71 2.2 81 31 12
Mammalian muscle®? - 77 33 100 4.0 14
Beef* 214 61 3.6 8.7 .. -0
Beef musc] e o 77 29 81 34 -3
Beef musc! 7.0 2.5 82 -3
Beef muscle®® e oo 6.0.7.1 [ 2.2-3.5 [7-8-81 . -3
Beef muscle (Shank}s: 7 ... 21.9 6.9 2.3 8.1 4.3 4
Beef round, lean, raw® ... e 101 44 8.2 e -5
Beef, roasted!? o 72.3 6.5 3.3 10.0 oo
Beef muscle protein®® 100.0 6.0 3.5 7.9 4.1
Ham, whole, cured! 15.9 6.4 3.5 8.9 1.0
Ham, spiced®® 13-8 6-0 30 8.5 0.8
Ham, spiced™ 14.6 62 31 8.1 - 0.9
Horse meat, raw®® e 6.3 36 8.7 3.9 1.5
Horse meat (tough, 2tringy)® 87 4.2 7.6 0.6
Human muscle (leg)t .« v 8.8 2.4 66 41 2.3
Lamb muscle (leg)® 7 aa 21.2 7.6 24 8.7 49 1.4
e . aee 6.5 3.0 8.7 e 1.3
gg:‘\: Tusdle (chops) T e | 219 66 22 8.7 94 13
® (C: Chemical; M: Microbiological ;
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TasLe XVI. Amino Acid Composition

s AMINO
SOURCE pris -
onte
o " | Acginine |Histidine| Lysine |Tyrosine] THypto-
o % o, % phan
%
Rabbit muscle (hind limb)® 6.9 11 9.6 21 18
Veal muscle (steak)s ¢ ... 21.2 75 24 96 | _ 49 1.4
Brain®? prs 5.6 2.6 6.2 4.1 1.3
Brain®® o 74 32 70 41 13
Brain™ o 6.6 28 6-5 4.1 1.6
Brain (beef) ¥ o 10.6 6.4 2.5 6.0 51 1.6
Brain (beef) dried" o 86.9 590 2.2 4.0 38 1.3
Brain (human) dried” .., 83.8 5.0 23 4.4 3.7 13
Brain (sheep) dried"? s 781 5.0 23 41 36 14
Heart (beef)s: 7 v 175 74 21 741 4.4 14
Heart muscle (beef)* o " T4 27 74 4.4 14
Kidney** . 6.3 27 5.5 4.8 17
Kidney (beef)s 7 o 212 6.9 2.3 62 4.6 1.9
Liver? . 6.6 2.5 7.0 3.9 1.5
Liver™ o 6.6 341 6.7 4.6 14
Liver meal® 4.9 22 6.0 2.2 0.6
Liver powder® s 2.7 1.8 6.7 1.0 0.3
Liver (beef)s: 7 23.7 6.6 2.0 60 4.6 1.8
Liver (beef)t 811 3.4 1.9 6.1 1.4
Lung (beef)s ? 16.7 63 1.9 58 38 11
Pancreas protein (pork)® .., 96.3 6.6 14 6.5 4.2
Stomach (beef)® 7 15.6 6.6 1.7 5.8 37 1.0
Reptilian
Reptilian muscle? " 68 2.2 77 4.8 1.3
Giant African snail,
dehydrated, lot!* - 69.9 9.2 14 835 oo .
Gaint African snail,
dehydrated, lot*™® s 64.9 13.3 1.6 10.0 aon
Giant African snail, "
dehydrated, Jot3% o 61.6 6.6 1.6 5.6 e 0-
Turtle muscles 7 . 25.0 67 23 77 46 14
Meat Offal
Blood
Blood whole (beef)*® oo 4.2 59 8.0 38 1.5
Blggd meal‘cl( 93.5 4.2 5.6 88 l-g
Blood meal» 42 56 88 22 ! 1.
ibrin®? 6.8 23 7.5 51 3.7
E‘;‘éﬁﬁu, % 78 |27-29 8891 |586.0 [ 3.4-3.9
Fibrin (beef)ts 72 22 85 60 ’
int? 3.5 7.6 8.0 3.0 1-2
rvncin o IR - B [
Serum proteins? 5.8 | 26 8.0 54 17

i
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of Meat Proteins

ActDs Method
of
Phenyl- Cysti Methio- - . . " Estima-~
) ystine Y IThreonine] Leucine {Isoleucine| Valine tim:
lll%me % m:c % o % % tion
1.8 " . o 120 - 4.9 .-
12 35 - e = C
1.8 . 4.9 MM
20 30 4.8 MM
18 3.0 4.8 MM
19 29 . [o]
14 e . [oF
15 . e [
. 1.2 . . . (o4
51 12 3.2 4.7 e C
51 1.2 3.2 47 8.4 52 63 MM
55 1.5 2.7 4.6 8.0 56 53 MM
55 18 2.8 4.6 e e [o2
6.1 14 3.2 5.3 84 4.8 6.0 MM
6.1 14 32 4.8 8.4 5.6 6.2 MM
4.8 1.5 3.2 8.3 4.6 52 M
11 0.6 24 29 21 19 M
61 1.5 29 4.8 see e C
53 20 38 83 4.0 57 M
41 1.5 2.5 38 o e . [
3.8 e v 56 7.0 59 53 M
33 11 28 38 e - o Cc
43 1.2 40 49 vor aoe . [o]
37 1.0 4.2 4.5 4.3 M
34 1.3 5.8 56 4.9 M
3.9 12 7-5 4.6 5.2 A
4.3 36 4.9 v v - c
62 1.8 13 66 15-20 2.0 56 MM
7.3 . 11 41 122 11 77 M
7.3 1.8 11 41 1.9 11 78 MM
59 1.9 26 79 143 50 39 MM
5.0-6.0 19 26-31 7-3-79 | 7.1-140 | 5.0-5.6 5-6-6.0 MM
4.4 64 69 5.9 5.5 A
6.7 1.4 6.8 166 1.5 82 M
7-8 13 56 144 02 90 bty
54 63 180 30 60 MM
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Tasre XVI. Amino Acid Composition

. AMINO
Protein
SOURCE
content | Acginine | Histidine Lysine | Tysosine Trypto
° % % % % P
fa
Serum proteins® e 5.8 3.3 --10.0 -5 !
Serum proteins (beef)** 93.1 53 1.8 7.3 4-3 19
Serum albumin® 60 3.5 104 53 093
Serum albumin (bovine)*s 1000 61 4.1 123 5.2
Serum globulin® 4.8 2.5 - 6.7 6.8 29
Stroma proteins (beef)it 863 6.0 2.4 4.0 3.3 14
Stroma proteins (hog}** 81.9 57 27 4.3 23 15
Stroma proteins (horse)® ... 806 5.8 2.5 4.5 3.3 13
Strorna proteins (human)® 81.3 5.9 2.6 - 48 3.5 1.4
Stroma proteins (sheep)*...:[ 87.5 57 28 3.8 2.9 12
Connective tissue
Collagen™ 7.6 07 40 141 0.0
Colfagen (Gelatin}* 87 0.9 58 07 0.0
Collagen from bovine
achilles-tendon®? 100.0 0. 35 0.9 o
Collagen from mammalian
bone, hides or tendons
(average of 10 values)* ... | 100.0 8.8 0.6 54 1.0 | 2001
Collagen from tuttle .
subcutaneous membrane™ e 9.0 0.7 51 1.0 e
Gelatin®® 7.6 1.0 4.3 202 0.0
1 1 . 82 0.9 5.0 0.5 00
{Knox)** 91 06 58 Y (]
Gelatin (Difco Bacto)** 100-0 83 09 - 52 0.9 .
Gelatin from calf skin
(Eastman)™ 100.0 64 06 - 52 0.1 .
Gelatin from pig skin
{Eastman)® 100.0 8.8 0.7 5.1 07
Gelatin from pig skin™ 100.0 8.0 0.8 4.1 0.4
Gelatin (pork skin type)* ... 100.0 8.0 6.8 4-1 04
Elastin™ 11 0.04 0.5 1.5
Elastin from tendon® 1.0 0.0 1.5
Elastin (hovine)®” 100.0 11 01 0.5 1.4 -
Elastin (bovine yellow B
tendon)*” 96-9 31 0.3 13 1.7
ZElastin from mammalian .
tissues (average of
6 samples)’ 100.0 0.9 01 0.4 21 £0.01
Elastin from the
ligamentum nuchae (ox)* [ 1000 1.0 2.0 00 1.6 00
Tankage'® . 672 5.9 2.4 7.2 08
‘Tankage® o 5.8 2.7 6.0 27 0.7
“Tankage® 6.1 27 5.0 21 .7
Keratins
Keratins®t . e 107 3.2 5.1 1.4
TFeathess® 8.0 0.6 1.8 2.3 0.7
Feathers (chicken)s 93.8 7.5 04 1.3 22
i m Gorgonia
Gorgonin from Gorgom®. | sa1 w5 | o9 | 23| o] 00




of Meat Proteiny

Actps ]He!{_wd
o
Phenyl- " Methio. . : ; ; Estima.
: Cystine "+ Threonine| Leucine (Isoleucine| Valine stima
nl:::me % nlx’ze o % % % tion
6.3 10.1 34 MM
59 9.4 3.2 M
54 11.9 2.0 MM
&3 113 3.3 M
81 3.3 MM
c
c
C
c
g c
36 0.7 2.0 3.6 19 29 MM
21 0.1 08 8 11 17 28 MM
25 03 0.9 19 MM
25 0.1 09 23 33 19 28 M
- 0.1 07 34 35 18 23 M
18 0.1 08 1.5 40 1.0 20 MM
23 04 0.8 19 3.5 17 28 MM
23 0.6 20 3.5 17 27 M
23 01 0.9 20 31 15 28 M
19 01 09 22 31 19 26 M
2t o1 08 2.2 32 15 27 M
22 01 10 1.9 32 14 25 MM
22 19 32 14 25 M
4.6 0.6 04 20 7.0 33 134 MM
a1 02 0.4 25 MM
13 0.6 0.1 11 73 34 133 MM
43 07 0.3 15 7.6 43 136 MM
5.3 02 0.03 12 84 37 173 M
33 0.4 135 c
42 13 30 77 27 5-4 M
5.0 2.0 25 86 34 - 3
14 . 0.9 10 9.0 40 §§ M:,‘
10-17 10 72 10.0 5 60 MM
5.5 87 0.5 4.6 85 64 89 MM
52 82 0.5 44 80 6.0 83 MM
57 y
90 . . - c

161



TasLe XVL.  Amino Acid Composition

AMINO
Protein
SOURCE content | Arginine (Histidine| Lysine [Tyrosine| THyPIo-
d % % % % Lind
%
Gorgonin from Phlexaurella
dichotoma®? | 856 49 28 135 00
Hajr 89 26 31
Hair" 100 3.0 33
Hair (hog)" 100-0 109 38 3.5
Hair (human)® v | 89-107 24 21
Hair (human)® o | 1000 8.9 1.9 22
Hoof® 104 32 | - 50
Hoof (cattle)™ v | 1000 .
Hoof (hog)"® | 915 -
Hoof (horse)' | 1000
Horn® 104 37 53
Horn (cattle)” | 975 107 36 56
Schutes (turtle)” 881 42 18 131 23
Skin® 100 4.5 5.0 18
Spongin from Poifera® ... 81.3 4.3 3.0 0.8 0o
Wool* | 1000 9.9 5.4
Wool# 101 10 31 55 -5
Wool (sheep)? v | 10000 10.6 11 33 56 "

162



of Meat Proteins

ActDs

Method
o

Phensl- | gystine | Methio- ine( Leucine ine{ Valine | Estims-

’5}:“ % s %E % % % % tion

7.6 . . c

159 6t | 710 MM

1015 77 80 MM

144 63 83 MAL

137 c

180 ¥5 &4 MM

73 56 150 MM

55 c

44 - c

59 c

124 i2 57 0 MM

121 05 61 83 MM

86 . c

3s 26 £3 s 56 | ar

28 c

110 101 48 | am

136 o7 65 32 i2 54 |

137 06 67 81 5 57 | MM

163



N~

®R e B

-3

15,
6.

17.
8.
19.
20,
21
z2.
23.
24
26.

27.
28,

29.
35
32.
33
34
35-

36.

REFERENCES

Aitken, F. C,, Brit. §. Nutr., 3, 403 (1949).

Kraybill, H. R. in Proteins and Amino Acids in Nutrition, Reinhold Publishing
Corporation, New York (1948).

Ladejinsky, W, L, Foreign Agr. Washington, 6, 265 (1942).

F. A. O, Reports, Food Balance Sheet India (1953-54).

Beach, E. F., Munks, B., Robinson, A. and Macy, 1. G., J. Amer, Dietet. Assoc.,
19, 570 (1943).

Millares, R. and Fellers, C. R., . Amer. Dietet. AQssoc., 24, 1057 (1948).

Beach, E. F., Munks, B. and Robinson, A., J. biol. Chem., 348, 431 (1943).

Kandatu, M., ¥. agr. Chem. Soc. (Japan) 17, 731 (1941); cf. Chem. Abstr., 36,
5521 (1942).

Edwards, L. E., Sealock, R. R., O'Donnell, W. W., Bartlett, G. R., Barclay,
M. B, Tully, R,, Tybout, R. H., Box, J. and Muslin, J. R., . Nutr., 32,

597 (1946). :

Dunn, M. S., Camien, M. N., Eiduson, S., and Malin, R. B., ¥, Nutr,, 30,
177 (1949)-

Nielands, J. B., Simy, R. J., Sohljell, I, Strong F. M., and Elvebjem, C. A,
3. Nuir., 39, 187 (1949).

Kuiken, K. A. and Lyman, C. M., 7. Nutr., 36, 359 (1948).

Mncheu H H and Smuts, D. B A bml Chem., 95, 263 (1932)

V. F.

A, E., Balash

N.,

Rawch-Shehexbo I\i I. Rel‘dt, M. and Fndlyand L.B.,J. Phy.rwl (USSR)
17, 1070 (1934); <f. Chem. Abstr, , 29, 3010 (1935).

Mitchell, H. H. and Block, R. J., . biol, Chent. 263, 599 (1946). -

Chen, C. Y. and Wang, T. C., Chinese ¥. Nutr,, 1, 1 (1946); cf. Nutr, Abstr,
and Rev., 16, 387 (1946).

Ruegamer, W. R., Poling, C. E. and Lockhart, H. B., J. Nutr., 40, 231 (1950).

Mitchell, H. H. and Beadles, J. R., 7. Nutr., 49, 25 (1950).

Hawley, E. E.,, Murlin, J. R., Nasset, E. S. and Szymanski, T. A., . Nutr,,
36, 153 (1948).

Mitra, K. and Mittra, H. C., Indian J. med. Res., 33, 87 (1945).

Mayfield, H. L. and Hedrick, M. T., J. Nutr., 37, 487 (1949)-

Mack, P. B.,, Shevock, V. D. and Tomassetti, M. R., J. Amer, Dietet, Assoc.,
23, 488, 588, 677 (1947)-

Vel('ma, )O P., Dilwali, C. K. and Thomson, A. M., Indian J. med. Res., 35, 41

1947)-

Hynes, M., Ishag, M. and Verma, O. P., Indian J. med. Res., 34, 273 (1946).

Lehrer, W. P., Woods, E. and Beeson, W. M., 7. Nuir., 33, 469 (1047).

Hoagland, R., Ellis, N. R,, Hankins, O. G., and Snider, G. G., J. Nutr., 34,
43 (1937).

Mitchell, H. H. and Carman, G. G., . biol. Chem., 68, 183 (1926).

Hoagland, R., Ellis, N. R., Hankins, O. G. and 8nider, G. G., U.S. Dept. agr.
Tech. Bull., 906, (1945); cf. Chem. Abstr., 40, 3166 (1946).

Mitchell, H. H. and Beadles, J. R., ¥. Nutr., 24, 597 (1937).

Mitchell, H. H., Hamilton, T. S. and Beadles, . R., J. Nutr., 39, 413 (1940).

Rice, E. E. and Robinson, H. E., Amer. J. Pub, Health, 34, 587 (1944); cf. Chem.
Abstr., 38, 4050 (1944).

Morgan, A, F. and Kem, G. E., 7. Nutr., 7, 367 (1934).

Wilder, O, H. M. and Kraybill, H. R., ¥. Nutr., 33, 235 (1947)-

Schweigert, B. 5., Tatman, L E. and Elvehjem, C. A., Arch. Biochent., 6, 177
{1943)-

Anonymous, U. S. Dept. agr. Circular No, 706 (Aug. 1944); of. Nutr.
Abstr. and Rev., 15, 234 (1945).

Shank, D. E., . Home Econ., 34, 468 (1942).

164



37.
38.

39

40,
41,

43.
4.

45
46.

474
8.

49

50.
51
52.

53-
54
55
56.

57.
58.

62.
63.

64.
6s.

£6.

67.
68.
69.
70,

7

72.
73
74

kt

o«

Mann, L, Brit. vet. ¥., 110, 401 (1954); cf, Nutr. Abstr. and Rev., 25, 778 (1955).

Kenney, C. H., Canad. Food. Industr., 21 (No. 10) 27 {1950); cf. Food Sci.
Abstr., 24, 206 (1952).

Jacquot, R., Bull. Soc. Sci. hyg. aliment., 31, 111 (1943); of. Nutr. Abstr. and
Rev., 15,743 (1946)-

Block, R. J. and Bolling, D., J. Amer, Dietet. Assoc., 20, 69 {1944

Stokes, J. L., Gunness, M., Dwyer, 1. M. and Caswell, M. C _7 biol. Chem.,
169, 35 (1945).

Block, R. J. and Bolling, D., Arch. Biochem., 3, 217 (1944).

Hier, S. W., Graham, C. E., Freides, R., and Klein, D., J. biol. Chem., 361,
705 (1945).

Be:ch E. F., Erickson, B. N., Bemstein, S. §., Williams, H. H, and Macy, L. G,,
J. biol. Chem., xz8. 339 (1939)-

Forb:s, R. M. and Yohe, M., 7. Nutr,, 55, 493 (1955).

Ma(tet, 1}, Matet, J. and Fridenson, O., Bull. Soc. Sei. hyg. aliment., 33, 10

1945).

Geiger, E., 7. Nutr., 36, 813 (1948).

Postma, C., Tijdschr, Dierjencesk, 70, 100 (1945); ¢f. Nutr. Abstr. and Rev.,
16, 417 (1946),

Jung, A., Scheceiz. med. Wochenschr., 72, 964 (1942); cf. Nutr. Abstr, and Rev.,
12, 464 {(1943).

Boix, A., Ciencia (Mex.), 5, 117 (1944); cf. Chem. Abstr., 41, 4208 {(1947).

Anonymous, Food, 12, 37 (1943)-

Leblois, C., Bull. Acad. Vet. France, 20, 413 (1947); cf. Nutr. Abstr. and Rev.,
18, 621 (1949).

Bronson, W. F., Food Technol., 5, 55 (1951).

Neuman, R. E., drch. Biochen., 24, 289 (1949).

Chick, H. and Slack, E. B., Biockem, ., 39, xxii (1945).

Jacquot, R., Bull. Soc. Sei. hyg. aliment., 3t (Nos. 4/5/6) (1943); cf. Nutr.
Abstr. and Rev., 15, 333 (1945).

Graham, C. E., Waitkoff, H. K. and Hier, 8. W., J. biol. Chem., 177, 529 (1944).

Brunschwig, A., Corlbin, N. and Johnston, C. D., Ann. Surg., 138, 1058 (1943);
cf. Nutr. Abstr. and Rev., 14, 99 (1944).

Hier, S. W., Graham, C. E., and Klein, D., Proc. Soc. Exptl. Biol. and Med.,
56, 187 (1944).

Jackson, R. W., Sommer, B, E. and Rose, W. C., . biol. Chem., 80, 167 (1928).

Kruse, H. D, Day, H. G. and McCollum, E. V., Amer. 7. Hyg., 19, 260 (1934).

Mitchell, H. H., Beadles, J. R. and Krueger, J. H., . biol. Chem., 73, 767 (1927).

Nilson, H. W, and Lemon, J. M., U.S. Dept. Interior Fisk and Wildlife Serc.,
Res. Rep., No. 4,9 (1942); of. Nutr. Abstr. and Rev., 12, 644 (1943).

Blaxter, K. L. and Wood, W. A., Bnt. J. Nutr., 6, 56 (1952).

ner(xder. )A. E., Miller, D. S. and Tunnah, E. J., Chemstry and Industry, 799
1953,

Violet, B., Thesis, Univ. Lausanne, 9 (1950); cf. Nutr. Abstr. and Rev., 22,
164 (1952),

Block, R. ]. and Balling, D., J. bial. Chenm., 127, 685 (1939).

Beveridge, J. M. R. and Lucas, C. C., Biochem. J., 38, 88 (1944).

Lindley, H., Nature, 160, 190 (1947).

Lang, ]. M. and Lucas, C. C., Biockem. 7., 52, 84 (1952).

\Va(ﬁ:;.)). R. and Elvehjem, C. A., Proc. Soc. Expel. Biol and Med,, 51, 394

‘Wagner, J. R. and Elvehjem, C. A., Poultry Sd., 22, 275 (1943).

Newell, G. W. and Elvehjem, C. A., 7. Nutr., 33, 673 (1947).

Fm(k H., L Wochenschr. Brau., 61, 1 (1934); cf. Nutr. Abstr. and Rev., 15, 735

Fink, rz ﬂ!)dcim-u:m:haft No. 2, 66 (1946); cf. Nutr, Abstr. and Rev., 18,
141 (1
Oleotr, H. S., Proc. Soc. Exptl. Biol. and Med., 54, 218 (1953).

165



Weber, F. C., U.S. 2,434,087, Jan. 6 {1948); cf. Chem, Abstr., 42, 2035 (1948).

Routh, Y. L, #. Nutr., 23, 123 (1942).

Routh, I. 1., ¥. Nutr., 24, 399 (1942).

Miller, D. S. and Bender, A. E., Brit. . Nutr., 9, 382 (1955).

Lopes-Matas, A, and Fellers, C. R., Food Res., 13, 387 (1948).

Hoagland, R. and Snider, G. G., 7. agr. Res., 32, 1025 (1926).

Mitchell, H. H., Burroughs, W. and Beadles, J. R., ¥. Nutr,, 11, 257 (1936).

Mitchell, H. H., Hamilton, T\ S. and Beadles, J. R., 7. Nutr., 29, 13 (1945).

Mitchell, H. H. and Beadles, J. R., Science, 99, 129 (1944).

Mudlin, J. R., Edwards, L. E. and Hawley, E. E., J. boil. Chem., 156, 785 (1944).

Poling, C. E., Schultz, H. W. and Robinson, H. E,, ¥. Nutr., 27, 23 (1944).

Hoagland, R. and Snider, G. G., Food Res., 11, 494 (1946).

Mitchell, H, H. and Beadles, J. R,, 7. biol. Chem., 7x, 429 (1927).

Seegers, W. H. and Mattill, H. A,, ¥. Nutr., xo, 271 (1935).

Mitchell, H. H. and Carman, G. G., . biol. Chem., 60, 613 (1924).

Block, R. J. and Bolling, D., The Amino Acid Composition of Proteins and Foods,
C. C. Thomas, Spnngﬁeld. Illinois, U.S.A. (1951).

Baumgarten, W., Mather, A. N, and Stone, L., Cereal Chem., 23, 135 (1946).

Block, R. J. and Mitchell, H. H., Nutr. Abstr. and Rev., 16, 249 (1946).

Lyman, C. M, and Kuiken, K. A., Texas agr. Exptl. Sta. Bull., 708, 5 (1949);
cf. Chem. Abstr., 43, 3534 (1949).

Dunn, M. S., Food Technol., 1, 269 {1947).

Block, R. ., 7. biol. Chem., x19, 765 (1937).

Mead, A. R. and Kemmerer, Science, 117, 138 (1953).

Stein, W. H. and Miller, E. G., ¥. biol. Chem., 125, 599 (1938).



CHAPTER IX
EGGS

Hen's Eco

“TuE early investigations of Osborne and Mendel®? gave the first
insight into the hxgh nutritive value of the proteins in whole hen's
egg. These proteins contain an amino acid mixture that is very highly
digestible and almost perfectly utilisable in adolescent rodent meta-
bolism®, being superior to milk®® and meat”*™ proteins in this
respect. The obvious conclusion is that the essential amino acids in
whole egg proteins are present in the proportions optimum for tissue
growth and maintenance. It is for this reason that egg proteins have
come to form the basic standard against which the relative
deficiency of the limiting essential amino acids in different food proteins
has been determined and their ‘chemical scores” have been calcu-
lated® *, Egg proteins have alsa been widely used in the determination
of the biological value of proteins, both as a reference standard®®
and for determining the metabolic nitrogen excretions®®.

Protein content: On an average, hen’s egg contains 12 per cent
protein on the fresh weight basis and 35 per cent protein on the dry
weight basis®®. In protein content, an average sized egg is equivalent
o half a pint of milk!?. Of the total proteins in hen’s egg, 65 per cent
is contributed by egg white and 35 per cent by egg yolk®, Egg white
contains five proteins; ovalbumm, 75 per cent; ovomucoid, 13 per cent;

in, 7 per cent; , 3 per cent and ovoglobulin, 2
per cent®®. The two egg yolk proteins, ovovitellin and ovolivetin,
are present approximately in the ratio of 4:1%%

Amino acid composition: The amino acid composition of

the pmtems of whole egg"'” egg whlte”’ ", egg yolk® and of some
of the protems, P in*?¥, has been deter-
mined. Whole gg proteins are very well balanced with respect to
all the essential amino acids and are particularly rich in arginine and
the sulphur-containing amino acids®*. Egg white protems are richer
than whole egg proteins and egg yolk protems in the sulphur-
comammg amino acids, tryptop. an
but not in the basic amino acids®. Whole egg white protein'® and its
principal constituent, ovalbumin,® are rich in methionine, while the
major yolk protein, ovovitellin, is reponed to be nch in argmme, lysme,
and leucine®. But foralowercyst
dried whole egg have sscntlally the same amino acxd composition
as the proteins of fresh whole egg™. The diet of the hen does not seem
to have any significant influence on the amino acid composition of the
egg proteins™® ¥,
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Digestibility:  Metabolism experiments with rats and
human beings have established the very high digestibility of whole
egg proteins® 33 and of egg albumin™®. Heat treatment is
reported to greatly improve the in wvitro digestibility of egg white
proteins®, However, their digestibility iz vivo even in the raw
state is of a high order (95 per cent)®,

Nutritive value: Rat feeding experiments have revealed that
whole hen’s egg proteins have a higher biological value than the proteins
of milk*®, meat®®%, soya bean™, groundnut™® and wheat®*»%,
Similarly, egg white proteins possess a higher nutritive value than
whole egg proteins or yolk proteins® The superiority of whole egg
proteins over a number of other dietary proteins® 2, including milk
proteins'® 31 # in human nutrition has also been demonstrated, but the
superiority of egg protein over milk protein is reported to be less
pronounced in the nutrition of adult human subjects than of young or
mature rats®. While with the growing™® or the adult’ rats, egg
albumin is distinetly superior to whole egg proteins, human metabolism
study™ reveals a slight superiority of whole egg proteins over egg
albumin; these reverse effects are presumably due to the higher content,
in egg albumin, of the sulphur amino acids, required by the rats in
greater proportions for hair growth’.

Processing: Autoclaving does not improve the nutritive value
of egg white proteins®™. Whiletheprotein efficiency ratio of commercial
processed egg white is of the same order as of fresh cgg white
that of commercial processed whole egg is significantly lower than
of fresh whole egg; this lowering is, however, reported to be unrelated
to the lower cystine content of commercial processed whole egg protein
as compared to fresh whole egg protein®™. .

Supplementary value: The proteins in whole egg and in egg
white supplement pork proteins’®. The gross supplementary value |
of whole egg®, egg yolk® ¥ and egg yolk extract® to the poor rice
diet has been demonstrated, but not that of egg white®, Whole
eggs have been reported to possess a phenomenal supplementary
value to the typical rural diet of Bengal®®" 4. Supplements to this
diet of vegetable origin, such as soya bean®™, groundnut* and
various legumes®®, have been found to give better results when fed in
combinations with eggs than when fed alone.

Dried egg: As a source of protein, the most important egg
product is the dried egg. The egg-drying industry expanded rapidly
during the second world war to meet the requirements of the army*,
but because of its tendency to rapidly deteriorate on storage'™ ¢,

s T trpicl sl e o e aeaed by She lomir neore Groums b South
India, Jies in its containing 2 small quantity of fish in addition to the other constitu-
ents like legumes, vegetables and vegetable oil.
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dried egg has not been pcpular as a rationed article of food" The
food value of dried egg is practically equal to that of shell egg®t. It
weighs less (one Ib. is equivalent to three dozen liquid eggs), takes up
less space and does not break in transport”. Dried egg is available
in three forms—whole egg, egg white and egg yolk. While dried
whole egg is used commercially in making custard, custard pies and
baked products, dried egg white finds application in the p ion
of angel cakes and confectionery and dried egg yolk, in the prcparation
of doughnuts and ice cream®.

Factors involved in dried-egg processing have been reviewed®,
During storage, except at very low temperatures, dried egg deteriorates
by loss of flavour, solubility and beating power; the rate of deterioration
is a function of temperature and of water content' At tropiml
temperatures, a significant fall in the initial quality of dried cgg is notice~
able even after a week's at low temp , it is
reported to retain good quality and flavour for several momhs“
The effect of moisture content on the initial quality of dried whole egg
and on its deterioration in storage*®, the relation betsween water content
and chemical changes during storage’, and the nature of the reactions
leading to the progressive loss of solubility in dried egg'® have been
investigated in detail.  Egg, cooked and dried according to a
patented process, is claimed to possess a storage life at tropical tempera-
tures Jonger than that of spray-dried raw egg; after 11 weeks at g7°F,
no deterioration is reported to occur at moisture levels below 3.6 per
cent®.

EcGs FROM OTHER SPECIES

Among eggs other than those of the hen, duck’s egg hasreceived

iderable attention, following the discovery that duck’s egg white
(DEW) has a lower nutritive vnlue than hen’s egg white (HEw)®,
‘Though the growth-promoting capacities of Dew and Hew vary
according to the season, €88 whltes collected at comparable periods
and tested under P have 3| ly confirmed
the earlier observation that Dew is inferior to HEW in prometing
growthin rats®, This cannot be attributed to any amino acid deficiency
in DEw, because the amino acid compositions of both DEw and Hew
have been shown to be similar but for a slightly lower isoleucine content
and slightly higher phenylalanine and methionine contents in Dew?,
Autoclaving (15 1b. pr. for 1 hour) brings about an improvement in
the nutritive value of DEw but not in that of HEw®, Fractionation
studies have shown that the coagulable proteins from Drw and Hew
have similar growth-promoting propems, and that the growth inhibi-
tion in the case of whole DEw is due to the uncoagulable protein,
presumably an ovomucoid®. The Dew ovomucoid depresses the
growth of rats when fed at 1 per cent level along with different proteins,
the most pronounced effect being observed with Bengal gram (chick
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pea) protein®™, Further, in vitro liberation from different proteins
of amino nitrogen and most of the microbiologically available essential
amino acids, particularly histidine, lysine, threonine and valine, is
reported to be adversely effected by the presence of DEw ovomucoid™ .

The amino acid composition of the white and yolk of guinea-
fowl eggs™, turtle egg yolk® and of roe from different species of Pacific
salmon™ has been investigated. The protein from the egg white
of guinea-fowl is exceptionally rich in histidine, whereas the correspond-
ing egg yolk protein is rich in lysine®. Turtle egg yolk protein® is
richer than hen’s egg yolk protein in all the essential amino acids except
tryptophan and methionine and contains more arginine and cystine
than turtle muscle protein.  Salmon roe protein is reported to be parti-
cularly rich in lysine, threonine and valine™. The amino acid com-
position of roe protein from different species of salmon is fairly uniform
age for age, but within each species it is significantly altered with
increasing age; while the threonine content decreases with maturity,
the arginine and tryptophan levels are fairly constant and the propor-
tions of the other essential amino acids register an increase™.
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TABLE XVII

NUTRITIVE VALUE OF EGG PROTEINS

Protei Nu Value
'rotein
' | Level of Coeffici
sounce | | My |melemct CRRCET Brocn
% % % gest‘x,}uhry ratio
A
Hen’s Egg
Egg, whole! 8 96.0 97.0
Egg. whole® 8 93.0
Egg, wholex 97.0° 96.0¢
Egg, wholer 10 38
. 5 94.0+ 97.0¢
Egeg',h ::}‘)Dle, defatted with 68.9 r 85.01 22.0¢
8 97.01 95.01
Egg, whole, dried* . 10 93.2 4.3
Egg, whale, spray-dried’® 10 38;39
Egz. whale, hardboiled,
driedi® 10 ” 37
34 65.0% 92.0
Egg, whole flakes, dried® | ... H i - o
8 97.01
Egg, whole powder, dried
and defatted 76.8 -5 820t 98.0¢
{commercial)? " 10 1.0 97.0%
Egg, whole powder, dried
and defatted
(commercial)* 768 9 28
Egg, whole powder, dri
and defatted .
(commercial)t | 768 3-5 91.0° 98.0°
Egg, whole protein
(laboratory sample)™ w. [ - 10 32
Egg, whole protein
(commercial sample)... | e 10 26
. 5 2.0
Egg, white® ® 4
Egg white, fresh® 10 64.6 95.8 12
Egg white, fresh,
autoclaved® 10 - 12
Egg white, hardbailed,
jedio 10 37
Egg whne, coagulable
fraction™t 9 21
Egg white, whole, protein
(Uaboratory sample)® ... | ... 10 35
Egg white, whole, protein
(commercial sample)®... | ... 10 34
Egg albumin® s 830 1000
* detesat . .

1 determined on adult rats.

by human

m

1 determined on growing rats,



TasLe XVII. Nutritive Value of Egg Proteins

Protein

! Nutritive Value

. | Level of 0
SOURCE content: | (0% B | Biclogical | Soeicient! progein
Nx6.25 % value |OFtTHE I~} efciency
% o % gestibility | 'L L
° %

Egg albumin, dried and 2-5 93.8 96. o

defatted (commercialyr | 816 10 Pt B
Egg albumin, dried and .

defatted (commercial)® 81.6 9 - oo 353
Egg albumin, dried and

defatted (commercial)* 816 3-5 91.0* 101.0° -
Egg yolk whole protein

(laboratory sample)® ... e 10 . . 32

Duck’s Egg

Duck egg white, fresh® oo | .o, 1 e | s |08
Duck egg white, dried® ... o 10 o oy 2.2
Duck egg white, fresh, 10 one e 23

autoclaved™ - 11 68.4 88.8 o
Duck egg white, dried,

autoclaved? e " 10 . e 20
Duck egg white,

‘coagulable fraction™ .. 8 . . 18
Duck egg white,

coagulable fraction® ... 9 . e 22

* determined by human metabelism experiments.

$ determined on adult rats.
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Tasre XVII,

Nutritive Value of Egg Proteins

Protein

1 Nutritive Value

Leve -
SOURCE content: | L% OF | iopogicar | Cocficient] poreiy
N>§6'25 % value ibility | efficiency
% ’ % ge”:y’ Y| ratio
b

Egg albumin, dried and 81,6 2-5 93.8¢ 96-0¢ o

defatted (commercial)? : 10 97.3t 1000} e
Egg albumin, dried and ’

defatted {commercial)® 81.6 9 e o 3.5
Egg albumin, dried and

defatted (commercial)* 816 35 91.0* 101.0%
Egg yolk whole protein

(laboratory sample)® ... v 10 . . 32

Duck’s Egg

Duck egg white, fresh® o | b s | oss 0B
Duck egg white, dried® ... e 10 e . 22
Duck egg white, fresh, 10 P e 2.3

autoclaved™ - 11 68.4 88.8 P
Duck egg white, dried,

autoclaved® - 10 " ™ 2.0
Duck egg white,

coagulable fraction™ ... 8 . 1.8
Duck egg white,

coagulable fraction® e 9 . v 2.2

* by human boli

1 determined on adult rats.
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OF EGG PROTEINS

ACIDS blﬂ}lod
[2
Phensl- ine | Methio- ferpreon 2 ine| Valine | estima-
_hn:ne c,:/:me rine sonine Lev;\:xne lsolg}:aue tdine | etme
63 24 41 4.9 9.2 8.0 73 MM
5.6 21 3.0 49 19.0 5.3 44 MAL
5.6 21 4.0 4.9 19.0 5.3 4-5 MM
61 e 39 49 9.7 7.0 72 MM
54 vor 31 53 92 67 71 AL
o 0.5 ee s e s .- C
63 24 40 43 9.2 77 72 MM
4.5 24 39 3.8 e -~ o c
49 17 40 39 - C
55 23 44 - o o e MM
4.5 . 38 52 77 6.2 61 MM
54 2.9 42 41 c
53 26 4.0 . s wos C
64 29 5.5 94 71 7.3 MM
79 o 41 9.2 7.9 70 1
75 24 55 94 75 64 MM
52 12 5.0 125 oo 55
27 19 52 9.2 70 71
i 62 i7 i o =
5.7 19 30 .
44 19 30 35 . . N
37 2.0 36 36 - [od
20 32 24 10-6 928 ..
1.5 12 29 100 21 e
18 31 e .- MM
2.6 122 47 - o MAT
127 74 11
53 4.6 56 79 47 62 MM
o 5.0 . - e o .
53 11 30 4.5 107 9.9 94
5.0 . 28 63 9.6 7.3 7.5 Mv‘:g‘
48 26 61 98 61 79 M
47 29 58 92 66 68 M
49 28 61 103 73 73 ar
47 27 59 100 68 72 M
46 25 2.5 . . son oo M
M3M: Miscellaneous).
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TABLE XVIII. AMINO ACID COMPOSITION

Protei AMINO
rotein
SOURCE content .. .
% [Arginine[Histidine Lysine |Tyrosine T’ip“"
% | % | % | % | e
Hens’ Egg
Egg, whole® . &4 2.1 7:2 =3 ..
Egg, whole® o 7.0 24 60 5.0 ;Z
Egg, whole?® e 7.0 2.4 6.0 5.0 16
Egg, whole® e 9.7 36 7-8 . 1.6
Egg, whole® 57 2.4 7-3
Egg, whole*® 4.8 3.8 8.1 4.3 11
Egg, wholef* o e 6.6 24 70 4.5 15
Egg, whole protein
(laboratory sample)® ... | 824 65 15 51 1.4
Egg, whole protein
(commercial sample)® ... 81.3 6.5 1.5 51 14
Egg white 0 5.8 22 65 16
Egg whitet 32 1.8 54 13
Egg white, whole protein
(laboratory sample)® ... 90.8 5.6 1.2 48 o 1.4
Egg white, whole protein
(commercial sample)® ... 790 63 1.3 5.2 P 1.6
Egg albumin® . 5.7 24 5.0 4.2 1.4
Egg albumin?®® 59 2.3 6.6 e 1.4
Egg albumin®® s e 61 24 6.5 42 1.5
Ovalbumin'® 5.4 1.8 51 43 1.7
Ovalbumin® 57 24 6.3 3.7 12
Ovoconalbumin®* 51 2.5 6.4 4.9 57
Ovoglobulin'® .- 4.7 14 57 4.2 4.1
Ovomucoid® . e 56 4.0 1.6 4.7 22
E k3 e 82 26 ™ 53 1.6
Egg ;g}t“ hol . e 7.2 1.5 5.7 5.6 1.5
g yolk, whole'protein
(laboratory sample)? 799 70 1.5 58 1.2
Ovolivetin* 5.8 14 5.5 51 1.7
Ovavitellin?® 8.6 1.9 5.9 5.1 14
Vitellin® . e 84 1.9 58 53 1.3
Egg shell membrane®™ ... e 8.6 0.8 335 25 25
Ovokeratin'® aee o 12.9 4.2 5.2 3.3 27
Eggs from other species
Duck egg white® s - 3.4 2.1 57 e 1.2
Guinea-fowl egg whitess ,,, . 11.3 81 85 . e
Guin:n-fowl egg yolk® ... - 4.9 2.6 1.1 e .-
Sals e 64 2.7 3-8 0.8
S:l::: geg;spwifs Chum)** 6.6 2.8 8.7 399
Salmon roe (species Coho)¥? 6.9 2.6 83 Fe4
Salmon roe (species King)® 7.5 2.5 8.3 1.0
Salmon roe (species Pink)*? 6.9 2.9 8.8 ¥
Smm P L 22| 27| 82| . 10
“Turtle egg yl)lk“ P 262 76 . 2.2 7.0 4.9 11
® (C: Chemical; M: Microbiological;
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CHAPTER X

FISH

SINCE water covers more than two-thirds of the earth’s surface* and
is far more productive of food than land®*, fish constitutes one of the
cheapest and most abundant sources of protein for the human race**.
Neither the fishing industry®, nor the population of fish? is uniformly
distributed over the different areas of the earth, While more than
90 per cent of the entire fish catch is taken from the waters of the
Northern Hemisphere, the far greater expanse of the Southern Hemi-
sphere is exploited only to a limited extent'. The areas of intense
fishing lie along the north Atlantic seaboard and around Japan”. Japan,
Korea, United Kingdom, United States, Russia, Norway and Germany
are foremost among the fishing nations”. Fish Tanks only second to
rice as food in the Philippines® and is the chief source of proteins in the
dietaries of the inhabitants of the Philippines®, Indonesia®®, Malaya",
central Spain® and the Amazon valley”®. During the second world
war, the people of Norway™ and Newfoundland® were able to maintain
their consumption of protein at a satisfactory level mainly through
increased use of fish in their diet.

Marine culture is remarkably simple and seems to offer something
in return for almost nothing—or at least, only very little, in comparison
with the effort needed to raise food on land!. Even so, the immense
water expanse of the earth has ived only a disproportionate amount
of attention as source of human food". Fishing, in spite of being man’s
oldest occupation™?, is also his least developed one' and is confined
mainly to the shallow waters along the edges of the continents, while the
potential productivity of vast areas of the oceans remains relatively
unexploited™. The present annual world production of 26 million
metric tons of fish and shellfish constitutes only about 2 per cent of the
total food consumption of the worldl, It is reckoned that even in
Britain, where normally more fish is consumed than meat’, the entire
catch of fish is sufficient to provide only 10 per cent of the animal
protein or 5 per cent of the total protein in the dietary of the population?®,
The annual per capita consumption of fish in Britain is reported to be
of the order of 35-39 1b."? and this is less than that in Japan® or Sweden”,
but two to three times that in the United States®?, Consumption of
fish in India is comparatively very low, being of the order of only 41b.
per head per annum®. Bulk of the ption is by the inhabi
of the north eastern provinces of Assam, Bengal, Bihar and Orissa
and the coastal belt of peninsular India®,  One of the chief
recommendations of the Famine Enquiry Commission (1945) for the
improvement of the diet of the Indian people was to extend
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of eels™ (Anguilla anguilla) and whales™ (Cetacea sp.) and fermented
fishery products such as fish paste® * and fish sauce®* are also valuyable
sources of protein.

From 7.5 per cent to 17.1 per cent of the total nitrogen of
most varieties of fish is contributed by non-protein constituents® ¢,
Exceptions are prawns™® (Peneus menoder) and ‘Pakat™ (Dasyatis zuget)
in which the non-protein nitrogen {(N.P.N.) is 24.3 per cent and 37.9
pér cent respectively of the total nitrogen. The pattern of distri-
bution of free amino acids in the N.P.N. fraction has been shown to
vary with the family to which the particular species belongs®™ &,

Amino acid composition: ‘The amino acid composition of the
proteins of fish and fish products is presented in Table XXI. In
general, fish proteins contain all the essential amino acids in adequate
amounts and in balanced proportions™* and in this respect resemble
other proteins of animal origin®™ " 7% #:&9_ Ag such, fish can replace
chicken, pork, beef, lamb or veal as source of animal protein in the
human diet®. As a class, fish proteins are valuable sources of lysine™
7277, 825 B35 88, 87: §9» 02-98 and methionineﬂh 72-75» 775 79-82> 84) 87+ 891 905 92> 930
9122 Special mention may be made of a few varieties, the proteins of
which are remarkably rich in these two essential amino acids, containing
more than 12 per cent lysine™ ™ % 8:92:% or 4 per cent methionine™
79, The histidine content of fish proteins is highly variable™,
being higher than g per cent in some varieties™ 7% * 1% and lower than
I per cent in certain others'**#: %, The proteins in certain species
of fish of Indian origin are reported to be very low in arginine'®,
There is no essential difference in the amino acid composition of the
proteins of fish and shellfish™ ™ 789 Among fishery bye-
products, the proteins of cod (Gadus morrhua) liver® are well balanced
with respect to all the essential amino acids, in contrast to those of fish

lubles™ 8, whale solubles'®, fish stickwater™ ™ #&:1% and glue
water from whale blubber!®, -

Nutritive value: Fish proteins are reposted to possess a high
digestibility™ = 810714, higlogical value®™ %218 and  growth.
promoting value® 30116120, Whale meat proteins” are readily
digested by pepsin in witro. Among seven commercial samples of
American fish meals prepared from different species of fish, only the

ins of anchovies (Engraulis encrasickolus) meal and crab (Seylla
serrata) meal possess a low digestibility!™. The biological values of
the proteins in all these fish meals are uniformly high'™, as also those
of the proteins in different species of Indian fish® %197 and shellfish’®,
The biological values of the proteins of different Chinese!®® 10017
and Canadian® fish and South African fish meals!"¥2 however,
vary to a considerable extent. The nutritive value of haddock {Gadus
aeglefinus) meal proteins is higher than that of menhaden (Breroortia
yrannus) meal proteins™ and that of herring (Clupea harengus) stick-
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considerably the fishing industry™. Increased production and con-
sumption of fish have been advocated as the best means of improving
the dietaries also of the African natives™ 2!, Fijians®, Hungarians®
and Peruvians®. .

‘The consensus of opinion is that the catch of fish can be increased
to the desired extent, provided a market is created and the technical
know-how and facilities regarding modern methods of its preservation
and processing are made available to the under-developed areas®®.
Fish is a heavy yielder and a mussel (Mytilus edulis) farm can produce
20 to 30 times as much food as the best pasture land"?. Further, it is
considered unlikely that a condition would ever arise in which suffi-
cient quantity of fish can be taken away from the waters of the earth
to produce a detectable decrease in the marine population®. Develop-
ment of inland fisheries also holds immense potentialities for increasing
fish production® %, Annual yields as high as 8oco Ib. per acre have
been achieved commercially in fresh-water fish culture, and the view
has been expressed that the output of fresh-water fish can be easily
quadrupled by adopting suitable farming methods!, Carp culture in
paddy fields is widely practised in Japan® and Indonesia®, while it is
reported that the salt water ponds in the latter country provide annually
an additional 13,000 metric tons of fish?.

Protein Content: The protein contents of fish and fish products
are presented in Table XIX. The protein content of fresh water
fish is reported to vary from 13.7 per cent to 25.2 per cent ¥ 2278, of
marine fish, from g.1 per cent to 26.1 per cent® 3 341, of shellfish
and crustacea, from g.8 per cent to 24.8 per cent™ %% > &4, of dried
fish, from 44.0 per cent to 70.9 per cent® 4 & 4547, of salted and dried
fish, from 27.8 per cent to 80.0 per cent™ *; and of fish meals, from
11.6 per cent to 93.0 per cent™ 4%,  Most of the so-called cheap .and
despised varicties are richer in protein than the costly and delicious
ones®™ ® and have the additional advantage of being available all the
year round®. ‘Mahasole™ (Barbus tortor), ‘Singhi’®* (Saccobranchus
fossilis), ‘Hilsa™ (Clupea ilisa) and ‘Ruhee™ (Labeo rohita) among
fresh water fish, tunny or ‘Sooda™ (Thynnus macropterus), seex fish
or ‘Aya kora'® (Cybium guttatum), silver bellies or ‘Karalu’™ (Lewgrfg;
thus sp.), mullet or ‘Bonthaluw™ (Mugil speigleri), shark or ‘Mushi
or ‘Sravu’® (Carcharius limbatus; Carcharius lacticaudus) an.d ham-
merhead shark or “Kan mushi’® (Sphyrna blochii) among marine fish;
Indian Chank®* (Xancus pyrum) among shellfish and crustacea and
‘Halda chingri’*® (factory-cured) among salted and dried fish are sflu:.h
sources of protein. While the protein content.of ‘Koral’ meal 13
reported to be as high as g3 per cent, that of edible white fish .ﬂout
is reported to be 8g per cent. Whole herring l.'nea\, prepared W\thcvixt
removal of the stickwater, is characterisefl bya hxsggh;r content 3{ soluble |
proteins as compared with ordinary herring meal® ®. The body organs
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of sti protein'®, i g a supp ' hip between
the soluble and insoluble moieties of fish proteins.

PRESERVATION

Larger catches of fish would be of little value in the context of
increased protein intake by the population unless cheap and reliable
methods of preservation are adopted, enabling efficient distribution to
outlying areas far from the fishing centres”™™. As a class, fish are
extremely perishable as compared to foods of terrestrial origin®”.
This is due to the effective biological control of the powerful enzyme
systems in live fish ceasing to function as soon as they are taken out of
waterl. Landed fish are subject to three types of deteriorative changes:
those brought about by microorganisms, enzyme action (autolysis)
and chemical action (mainly on the fatty i 2. The spoilag
is especially rapid in hot and damp climates™., The purpose of all
methods of fish preservation is to prevent, or, at any rate, greatly retard
bacterial, enzymatic and chemical decompoesition®. They comprise
salting, drying, smoking, canning, freezing and treatment with anti-
biotics or ionizing radiations’.  Among these, salting, drying and smok~
ing, being comparatively cheap and easy to carry out, are most widely
followed in the under-developed countries™®.

Salting: Salting of fish is practised both by itself® # 20» 35 353133
and as a prelude to other methods of preservation, notably drying®™
26001301818 and smoking' ™, Different techniques® 2 31134155 Jike
kench salting, dry salting or brining are employed, depending on the
size and type of fish®™ ** and the climatic conditions®. Dry
salting is reported to cause coagulation of the fish proteins'®.  Purity
of the salt is an important factor in determining quality of the

salted fish® 1%, while the salt concentration influences its storage
l.lfﬁ"‘”.

Drying: Fish, dried without previous salting, keep better than
salted and dried fish, because they have less tendency to absorb
moisture™ 19, jt is, however, often necessary to salt the fish before
sun drying (beach drying) in order to prevent spoilage during the drying
process itself™ ! Though sun drying is extensively practised
particularly in the Indo-Pacific regions® ™41 121 135 130 100, 1L 147 {yy
its very nature it is a slow and unreliable process™ 3 and often
leads to products of inferior quality*®, However, the peda Siam
(Scomber neglectus, Scomber kanagurtha), a salted sun-dried fish of
considerable commercial importance in Thailand, is highly valued for
its organoleptic and keeping qualities™. Sun-dried prawns are also
reported to possess a satisfactory consumer appeal and shelf-life!*".

Artificial dehydration™ is a distinct advance on sun drying in that
it provides for effective control over factors like humidity, air flow and
temperature.  Fish have been successfully dried by forced draft air
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water proteins is reported to be very low as compared to that of the
proteins of ordinary herring meal™, In respect of nutritive value,
fish proteins are in the same class as chicken proteins®h 18, beingY
inferior to whole egg proteins™ or skim milk proteins'™, byt slightly
superior to beef proteins®™ 11, ego albumin!® and caseinl® 19,
Fish proteins are about equal to casein'®® in promoting plasma protein
regeneration in depleted rats and are slightly superior to casein'®® and
skim milk proteins'® in promoting haemoglobin regeneration.

. Processing: Canning™ ™%, broiling® or treatment with
!ugh-vulta.ge cad}ade rays® do not bring about any significant alteration
in the amino acid composition of fish proteins. On the other hand,
the effect of dehydration on their amino acid composition is a subject
of controversy* ™. Heating at 300-320°F for 3 hours or flame drying
at a temperature of 220°F is reported to impair the availability of
essential amino acids™ ™ in general and lysine® in particular. Drastic
conditions in the preparation of protein concentrates by alkali digestion
of herrings bring about the destruction of maost of the cystine and part
of the lysine and methionine, thereby adversely affecting the nutritive
value of the herring protein'®,

Smoking™ or different methods of drying?® 5 have no effect
on the digestibility of fish proteins, but cooking! is reported to increase
their digestibility slightly. The biological value of fish proteins, like
that of soya bean proteins, increases with moderate heat-processing,
but decreases with drastic heat treatment™. Defatting and deodourisa-
tion, whereby fish meals are converted into edible fish flours, do not
appreciably lower the biological value of their proteing'™. While
short exposure of fish proteins to high temperatures is not necessarily
harmful®® %%, prolonged exposure is definitely injurious®™ * ' and it is
preferable not to exceed a temperature of roo-110°F*® ™. The
superiority in nutritive value of the proteins of vacuum-dried™t 1232
or steam-dried™™ fish meals over those flame-dried™"?*® has
been demonstrated by anumberof workers. Sun drying® isreportedto
possess an advantage over steam drying in so far as the nutritive value
of the proteins in fish meals is concerned, but it is a point of contro-
versy as to whether drying®** p any such advant-
age over steam drying. The nutritive values of the proteins of pressure-
evaporated and vacuum-evaporated stickwater concentrates are of the
same order™. -

Supplementary value: The gross supplementary value of
fish meal to 2 poor South African native diet has been shown to be of the
same order as that of milk powder®.  Fish proteins possess an apprecia-
ble supplementary value to the proteins of bread" and of legu.mesf“,
but not to rice proteins®®. The nutritive values of the proteins in

sh meal and whole fish meal (with solubles) are of the same
tive value

ordinary fi { -
order™® 1 and both are very much higher than the nutri
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proteins can take place, resulting i in the separation and loss, on thawmg,

of considerable liquid (drip) i luable soluble p 123,
Preservation with ibi and ionizing radiations:
Methods of pxcservmg fish with antibiotics'®?, or ionizi diations!™

16316 are yet in the experimental stage and the feasibility of their
application on a commercial scale still remains to be determined. The
well known preservative action of seaweed fronds on fish has recently
been traced to the antibiotics present in them®. The relative efficacy
of different anubxoucs under a variety of conditions has been investigat-

ed"*1%, Jonizi ions do not prod iable flavour change
in fish®s 170171 and provide an excellent means of sterilizing packaged
fish fillets without the application of heat™*,

UTILISATION

Fish solubles: Wet reduction of fish and fish waste for the pro-
duction of meal and oil involves essentially the twin steps of cooking
and pressing and gives rise to considerable quantities of stickwater™ 7173,
This contains bulk of the water-soluble fish proteins, which
have been reported to vary from 18-20 per cent of the total proteins in
some samples of fish to as much as 4o per cent in others'® 1%, After
adjustment of the pH to 4.5 with sulphuric acid and subsequent clari-
fication (Sharples—Lassen process™?™1:1%)  fish stickwater can be
concentrated to a thick syrup of 40-50 per cent solids content, known
as condensed fish solubles!” ¥ 1717172 TThe concentration may
be carried out both under pressure!™ 1% and under vacuum!! "
W19 Tn view of their fluid nature, condensed fish solubles are difficult
to handle and store™  and recent trends in their utilisation are either
incorporationinto the rest of the press cake to produce whole fish meal'®
EBUL IR or  dehydration into powdered form!™ 110 In
the Lysosund pracess“" 1w, wluch is held to be economxcally most
P let®, the q y of k is kept at the barest minimum
by resorting to indirect cooking with steam®® % and the thick stickwater
is mixed with the press cake and dried. The main technological
problem in the preparation of dried fish solubles is the intractable
glue form:d in the final stages of drying®. Dried fish solubles

ding to hods of dehydration have been
repuned to be highly hygrosccplc and hence difficult to package'”?,
unlike the product prepared by the process of chemical precipitation of
fish solubles from stickwater®™t,

Fish meal and fish flour: Large quantities of fish meal are
produced in different parts of the world from surplus fishi 174 1%,
#5197 jnedible fish (chiefly menhaden®1), or filleting waste? 176175
= (which is reported to form a.nythmg up to 70 per cent of the
fresh weight depending on the species of fish"33:%)  Both the
dryur 172, 172 175, 183 3nd “elﬂ- 172-174> 175, 153, 188, 199, 189 Xedumoﬂ mct}lads
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drying!™ 1% 155 roller drying, flame drying'®, cabinet drying® 41
M., pneumatic drying!®, freeze drying® and alse by infrared
heating®® %,  Mechanical dewatering of fish prior to dehydration is
reported to result in appreciable reduction of load on the drier,
While unsalted fish can tolerate fairly high temperaturest™ 1318
during dehydration, it is advisable not to exceed a temperature
of 80°F®*™ in the case of salted fish to avoid formation of
impervious salt-protein crusts’®. A novel development of consider-
able interest to the isthe contact or ‘Pressfisk’ process
which enables fish to be dehydrated in the form of whole fillets instead
of mincel %1%, Ag a rule, dried fish products keep less well in the
hot, damp, tropical climate than they do in colder andfor drier regions'®.,
However, some samples have been reported to keep for 6 to 9 months
even under tropical conditions without b ing too unpalatable!®®
and their storage life can be lengthened by packing in vacuum™ or
inert gas™ ', or by decreasing the temperature of storage!™.

Smoking: Depending on the type of product desired, smoke
curing® ™ M8 1% of fish involves salting, drying, heat treatment
(in the case of hot smoked products® * ¢ only) and smoking. Its
preservative action™ on fish is mainly due to the deposition of tars
and oils from the smoke in the form of minute particles’™. These
smoke constituents contain ified phenolic sub. 1%, which
have been shown to possess pronounced antioxidant properties, especi-
ally in conjunction with vitamin C as the synergist™”. Smoking by
dipping fish in solutions of smoke oils, instead of direct exposure to
smoke, has been advocated as a method of achieving uniformity in the
quality of smoked products'. Various suggestions have also been
put forward for improving the design of smoking kilns™ . The
shelf-life of smoked fish depends not only on the smoke uptake®" 155,
but also on the degree of salting!® M¥% and drying!* 1415 and
has been reported to vary from a few hours®® 13514 19 3 few months'®
87 Products such as fish wood (Tuna wood), dried and smoked
under drastic conditions, have been reported to keep for a year or longer

under tropical conditions'™.

Canning and Freezing: Both canning™ ™18 and freez-
ing® 162 181 are ng doubt elegant methods of fish preservation wyidely
practised in Europe and America, but are far too costly to suit the
economy of the under-developed regions of the world ¥ In fact,
the inhabitants of South East Asia could not afford even the very cheap
Japanese canned fish products available in the arca before the outbreak
of the second world war™. The chances of freezing becoming a
popular method of fish preservation in these regions are also remote
in view of the fact that frozen fish requires refngfsranon at very
Jow temperatures throughout storage'®™, When fish is slovyly frozen
or frozen fish is stored at too high a temperature, denaturation of the
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Fish protein: Isolation of protein from waste fish has been advo-
cated as a facile method of augmenting our dietary protein resources™®
2 Factors influencing the extraction of fish protein have been studied
in detail®™ 2 Protein has been prepared from different species of
fish both on an experimental scale!” 2435 and on a commercial scale™®”
627 Pesides, considerable quantities of herring protein are
obtained as a bye-product in the alkali reduction of herring for the
production of oil; use of high lye concentrations and digestion tempera-
tures in this process are reported to cause partial breakdown of the
protein and thereby to adversely affect both its yield™® and its
nutritive value®> 2, Extracted fish protein resembles commercial
casein and can be solubilised by treatment with hot dilute alkali
followed by acetic acid®?. Soluble fish albumin (particularly Wiking
Eiweiss™ *®, developed by the Germans during the second world war)
is extensively used as an edible egg substitute in confectionery and baked
goods,

Fish autolysates: This is another form in which surplus fish
can be utilised to advantage as human food®™" 22, Fermented fish
products (fish sauce and fish paste) are obtained by the auto-digestion of
fish flesh, mainly by the proteolytic enzymes of its own digestive system™
1L and also, to a lesser extent, by bacterial proteolysis™
w222, The method of preparation essentially consists in brining!
96223 137, 223,225,226 fish for long periods in presence of sufficient
salt to inhibit bacterial spoilage™®*:#2  Though primarily a
speciality of the East Asian countriest 3308427 they are also pro-
duced™ * and consumed®*™ in limited quantities in other parts
of the world. 'The most widely known among fish sauces are nuoc-mam?
S 15,1 22228 of Tndo-China, nam pla®™ ¥ of Thailand, patis®
of the Philippines, bakasang®™ of Indonesia and moluka™ of Egypt;
and among fish pastes, ngapi seinsa® of Burma, prahoc® ¥4 of
Indo-China, bagoong™ 3" 2% of the Philippines, trassi®™ of Indonesia
and kamaboko'™ and gyomiso™ of Japan. The preparation of fish
paste by fermentation of fish meal with Aspergillus oryzae®™ ™ is
common in Japan; during this process, the odour of fish meal is
reported to be removed and its taste, to be improved®™,

Fish hydrolysates: Thesc™ * have been prepared using differ-
ent acids!® ¥ B30 25, 55 well as caecal enzymes®®* of the fish, but
whether alkali®® 2% #2531 {5 an equally suitable agent for breaking
down the protein is a subject of controversy. It is possible to reduce
the offensive smell of the acid hydrolysates by the addition of dried
seaweed™. The value of fish hydrolysates as supplement to the diet
of convalescents and in the treatment of cases of malnutrition, tuber-
culosis and duodenal and ventricular ulcers has been recognised™ 22,
‘They have been used as an enrichi p inc d broth,
soups and sandwich spreads®,
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are equally applicable to lean fish but not to fatty fish which
necessarily require to be cooked and pressed for the removal of the
oil!? 17 8185 The advantages, cliimed for wet reduction are the
production of fish meals with a longer shelf-life under tropical conditions
of storage™® and decreased load on the drier caused by the separation
of considerable quantities of water during pressing'™ In recent
modifications of the wet reduction process'” (Flesland"?, Nygaard!™" 18
and Notevaarp'® processes), the raw material is dried to a low moisture
content prior to the ofl extraction in order to avoid or reduce
stickwater formation. Improved methods for deodorising fish meal™
and for treating fish offal such as cod liver for the production of protein-
rich meal 1 have been described. Fish meal drying can be carried
out either in the sun®™ 1% 38, or by directl 17 18% 1% 18 o iy djrect ™
19197 heat driers, operating in batch™, continuous™ ¥ or batch-
continuous™* ¥ units. Solvent extraction as a method for the pro-
duction of high quality fish meals is also coming to the fore® 17 18
418 particularly the azeotropic™®* (VioBin") process in which
dehydration and oil extraction are carried out simultaneously.

It is being increasingly realised that fish meal would form
an ideal protein supplement to human diets™® %% particularly
of the vulnerable sections of the population 192122 Of the
one million tons of fish meal now being produced in the world, 30-40
per cent, by the most conservative estimate, can be used for feeding
infants and children® Fish flour? % 200 20L203205 j5 the popular
name for fish meal prepared (invariably by an extraction process™ #%)
with sufficient care as to render it fit for human consumption. Edible
fish flour is produced on a commercial scale in South Africa™® 200 2%
204 2086 207 West Africa’, Fast Africa®, Norway', Iceland®®, United
States®™, Brazil?®, Chile®™, Indonesia®®, Thailand® and Japan™.
Its cost of production is reported to compare favourably with that of
other protein rich foods of animal origin, such as skim milk powdexm..
Its easy incorporation into wheat flour” *® and maize (mealie) meal®™®
specially suits fish flour for widespread use as a protective protein food
in the diets of infants who have been shown to tolerate it even at a very
young age (3 to 4 months)™, The value of fish protein in the preven-
tion and treatment of kwashiorkor has been recognised”*** and
feeding experiments with children using recipes containing fish flour
have been carried out in several countries? 1920212020 Con.
sumer acceptability trials?®®" have shown that fish flour with a certain
amount of residual flavour is preferred in Africa and South East Asia,

but not in other parts of the world®™, It has been used as an enriching
component in  bread"® 1% 21205 200 2, hiscujts® 20 200 cakes®t,
sweets®, soups™®® and gruel’. Incorporation of fish flour at levels
up to 1o per cent does not appreciably alter the taste and appearance of

Jzo1 200 211

brea
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satisfactory, weanling rats so fed surviving for only four to five days
and adult rats for eighteen to nineteen days*®, However, one-third the
standard diet of weanling rats can be replaced by zooplankton without
affecting their well-being and rate of growth®*. The main limita-
tion of zooplankton as human food appears to lie in its high mineral
content and mineral imbalance®® 2%, rather than in the quality?" or
quantity®® 4 5 of its protein On dry weighl basis, it contains
52-59 per cent protein® 23t &t
shrimp like flavour®s. Frozen knll too is reponed 10 be quite palatable
and no untoward after-effects have been experienced following its
consumption®?,
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Whale products: Prior to the second world war, bulk of
the whale meat was usually thrown away after extraction of the
0il*,  The war gave considerable fillip not only to the whaling industry
by bringing about an increase in the whale meat output from 0.5 million
tons™ to 1.3 million tons?, but also (in view of the general scarcity of
animal foods™) to the inclusion of whale products in human diets®*
. Only 30,000 tons' of the entire world production of whale
meat are reported to have been used for dietary purposes annually in
the years following the war, while recent estimates place its consumption
in Japan alone at more than ten times this figure®™, Other countries
where whale meat is used as human food include Norway™ and the
United Kingdom®™”®* and the need for its popularisation has been
keenly felt in South Africa®®. But for its lower fat content, whale
meat closely resembles the lean meat of terrestrial animals®. As a
source of protein, it is stated to be far cheaper than beef and pork®™.
Its quality varies according to the age of the whale, the pale meat of the
immature animals being the best® #?, Consumer trials have shown
that it is acceptable to children®, Incorporation of more than 5 per
cent'™ whale meat (particularly from the mature animals®®) is reported
to impart the characteristic whale taste to certain dishes; this can, how-
ever, be masked by canning®™ or by the adoption of proper cooking
techniques™. Frozen whale meat resembles tender beef*” and is
quite popular in the United Kingdom™®,

Zooplank : Marine zooplank bsists on ph} pl kton?
2L 222 (ynicellular microscopic autotrophic algae, mainly diatoms and
dinoflagellates® *2) and, in its turn, serves as the food of the higher
aquatic animals®#3, It is thus the connecting link in the food chain
that leads from phytoplankton to fishes of different sizes®® 224,
sharks® 2! and whales?*2»24,  Zgoplankton forms enly five to
ten per cent by weight of the phytoplankton?, but by virtue of its larger
size, is easier to catch with nets®®% %, It consists mostly of copepods®
HLBOUS (Contropages sp.) and krill** (Euphausia superba), together
with smaller per of other cr , worms, polecypods and
fish larvae®, Both its composition?® %" and abundance® are
subject to iderable regional 1 and diurnal variations.
The economic feasibility of collecting zooplankton, in sufficient
to warrant its use as human food, is a point of controversy?!” = 244,
According to one calculation, however, two fishermen can gather' i{x 2
day nearly 600 lb. of zooplankton off the Scottish coast, containing
sufficient protein to nourish more than 350 persons®™, T?le. annual
production of krill is estimated to be of the order of 1350 million tons
in the Antarctic ocean, where it forms the chief fnod'of the whales and
it has been suggested on this score that' kri_ll-tra\ylmg may be more
profitable than whaling®?., Animal feeding experiments have shown
that, as the sole article of diet, wet, squeezed zooplankton is n‘Ot
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Taste XIX. Protein Content of Fish and Fish Products

Protein

Moisture
. Content:
NAME Locality N X 6:25 Col;x/tent
% b
‘Pabda's «o| Bengal 19.2 730
“Pakalm v ,,g 14.3 76-8
*Pangas’ (Pangasius paruzum:)“ ” 142 723
‘Parsey’ (Mug! parsia)t - 166 69.3
Perch (Perca fluviatilis)é Britain 17.6 80.4
*Puti’$ Bengal 18.1 75.0
* Rehu® (Labeo rohita)™s e | Bihar 17.8 781
‘Rehu "t «..| Bengal 166 76.7
‘Rohu ™ " 15.2 1
*Ruhee’ (Labeo rohita)® wl 23.3
‘Royna’n o 156 76.0-
Salmon (SaIma salary® «es | Britain 215 66.6
Sarputi’ (Barbus sarana)t? Bengal 16.5 702
‘Smghn (Saccobranchus fossilis)*t » 22.8 68.0-
“Sole" (Ophiocephalus striatusy » 16.2 78.0-
¢ Tengra'n » 19.2 700
Marine fish
:xAmge! "o Bengal 20.8 735
nchovy or * Manangu’ (Engraulis
mystax)it e Kerala 19.3
Bess (Labrax lupasy* Britain 193
Bombay 25
‘Eh:lu s 1 194
Bomb:y d;xck or *Bombil * (Hnipadnm 01
neher .
Bombay duck or * Bombil '3 West Pakistan 9.1
Bream (Sparus centrodontus)'$ Britain 17.6
Cat ﬁsh o ‘Jellalu (S-Ixmdoz $pY ...| Andhra 2.4 771
Cat fish hada® (Arius
duuwmm) 58 Bombay 20.9 61.0
Cat fish or *Shingala "% ”» 12.7 78.1
Cat fish or “Shingala®%t ‘West Pakistan 12.7 781
Cat fish or ¢ Vallial etta’* erala 174 797
Cat fish (Ararrhicl ha.r Iupus)'s Britain 17.0-19.7 78.1
Cockup or * Bhekti® (latu cal:an/er}“ West Pakistan 13.7 82.00
Cockup or *Kajura’ 3 Bombay 12.6 794
Cockup or ‘Khajura? (large)®s » 19.7
Cockup or ‘Kh: ura * (baby)® " 197
Cockup or ‘Nlnm:en'" Kerala 184 78.2
Cod (Gadus marrhua)h Britain 15.0-19.0 | 80.3-82.6
Conger eel (Conger u‘lgan:)" " 191 796
Dab (Pleuronectes limanda)t Britain 12.8-18.2 791
hzmnnmu tolooys Bombay 21.2 722
goori * ” 206 o
“Dhoma (Snaemz glaucay® » 190 78.3
* Dhoma West Pakistan 19:0 78.3
Dhomi’t . Bombay 125
Dogfish (Acanthias vulgavis)t* +ea } Britain 196 75
Eel or ' Wam* (Muraenesox
talabonoides)™ e | Bombay 16.9 80.0
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TABLE XIX
PROTEIN CONTENT OF FISH AND FISH PRODUCTS

Protein .
. Moisture
NAME Locality Convens: Cm;l/tcnt
% A
Fresh water fish
“Alr® (Arius arius)? +«.] Bengal 15.9 781
‘Bacha’ (Chpisoma garua)® o 81 18.8
¢ Bachwa’ (Clupisoma garua)®* Bihar 181 76.4
! Bam ' o Bengal 16.1 748
¢ Baspata machli’ {Allia celia)® Bihar 18.2 761
“ Bata’ small variety (Labeo bata)®® Bengal 14.3 79.0
*Bele * (Glassgobius giuris)™ " 145 79.7
‘Bhangar * (Mugil tade)™ . 189 763
* Bhangar ' " 14.8 06
*Bhangar bata™ " 19.4 67.3
‘ Bhetka' (Lates calcifery* o " 13.7 82.0
“ Bhole’ (Sciacna coitor)® R 152 781
‘ Bhoona’** -.| Bihar 17.6 77.3
* Boal * (Wollage attu)* +e. { Bengal 15.4 3.0
*Bowari machli* (Wollago attu)? v | Bihar 217 75.9
* Bugda chingri " ) «..| Bengal 138 30
Brown trout (Salmo farioy$ +«.| Btitain 18.8 788
“Chela’ (Chela bacaila)*® Bengal 146 w5
‘ Ch:ppal * (Notopterus chitalay** West Pakistan 18.9 733
* Chital * (Notopterus chitalay® v | Bengal 18.6 75.0
*Dhain * (Sifartia silundia)? o ” 4.0 7220
Ee) (drguilla valgaris) Britain 1.4 60.0
» 18.4 740
Fesha st Bengal
¢ Folui* (Notopterus notopterus)** " 19.8 73.0
‘ Gurjowli " » 16.1 81.0
*Hilsa’ (Clupea tlisa)™ o ” f;g 537
‘Hilsa ' - » g -
14.7 81.0
¢Kalabasu’ (Labeo calabasu)* " 3
¢Katla® (Catla catla)®? » ;3; ;i;
et . 163 753
¢Kharsala " . » 16'1 7o
* Kholshe’ (Colisa fasciati}® ” 18'0 72-0
e ? . 148 0.0
“Koi* {Anabus testudineus)* o 18.9 729
‘Kuja vetki 2 . » 3 2
“Lata’ (Ophiocephalus punctatus}® e ” 194 4.0
. 15.0 78.5
“ Magur * (Clarius datrackus)™ - ” 2% 153
* bus tortor)s® EOR I
ol Cartut magurys L. | Bibae 21 738
“Mowrala” (Amblypharyn Bengal 189 79

ola)™ ’
B Civshina mrigaley
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Tasee XIX. Protein Content of Fish and Fish Products

Protein

' | Moisture
NAME Loctlity | SPUS: | Content
% %
“Pabda " Bengal 19:2 73.0
“Pakal " v :4-3 ;gg
‘Pangas’ (Pangasius pangasius)? » 4.2 -
‘Parsey’ (Mugil parsiapt o 16.6 693
Perch (Perca flutiatitis)'e Britain 176 80.4
“Puti Bengal 181 750
“Rehu’ (Labeo rokita)s Bihar 178 781
“Rehu st Bengal 16.6 76F
‘Rohu’¥ v 15.2 771
“Ruhee’ (Labeo rohita)s " 3.3
‘Roynz " JoY B 15.6 76.0
Salmon (Salma salar}ts ain 215 66.6
+Sarputi’ (Barbus sarana)tt gal 165 70.2
“Singhi’ (Saccobranchus fossilisy 238 68.0
Sole’ (Ophiocephalus siriatusyt 16.2 78.0-
Tengra™ » 192 700
Marine fish
* Amlet %0 Bengal 208 73S
Anchovy or *Manangu* (Engraulis
mystax)™ o] Kerala 19.3 69-3
Bass (Labrax lupasys Britain 19.3 770
; Bhakag* 5 Bombay 22.
Bhalu'ss o 19.4
Bombay duck or *Bombil* (Harpodar
nehereusy . 9.1 89.3
Bombay duck or * Bombil* 3t West Pakistan 9.1 89.3
Bream (Sparut centrodontusys “.-| Britain 17.6 78.8
Cat fish or *Jellalu* (Siturid. g Andh; 214 771
o .Singhzdg Siluridoc P e ra
ussurmizriy Bomb 209 61.0
Cat fish or ‘Shingala* % omhey 127 781
Cat fish or *Shingala®s: West Pakistan 127 78.1
Satfish or “Vallial etea s Kerala 17.4 79.7
2t fish (Anarrhichas [upusps Britain 17.0-19.7 781
o kup or * Bhekti* (Lates calearifer)® | West Pakistan 13.7 82.0°
ckup or *Kajura '3 Bombay 126 794
gkup or 'Khajura’ (large)® ”» 19.7
& ckup or * Khajura® (baby)®s - 19.7
cggkug or *Narimeen * Kerala 18.4 782
Sod (Gadus morrhuays Britain 15.0-19.0 | 50.3-826
nger el (Conger vulgarisyit Y 19. 796
Dab (Pleuronectes limanday+ Britain 12.8-18.2 791
+ Dagol” (Chorinemus tolooys B:ml'my 21.2 722
+Dangoori *1s Y 206
‘%l"llamn"(sﬁoma glavca) " 19.0 783
«Droma® West Pakistan 19.0 8.3
D: ‘E’s‘“ 3 Bombay 17.5
oghish (Acanthias vulgavisys 2| Britain 196 751
Eel or * Wam* (Muraenesorx
falabonoidesys «se| Bombay 16.9 800
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TasLe XIX. Protein Content of Fith and Fisk Producti

Protein | Moisture
NAME Locality Content: | 0 et
N x 625 n
% %

Eel or ‘Wam > Bombay 16.9
Ecl, clvers (Anguilla anguilla)® Britain 126 sis
Eel, snigs’ " 19.0 76.5
Eel, yenow" . " 17.2 70.8
Eel, silver® b I 155 507
Eel muscle, yellows® pon . 16:6 713
Eel muscle, silvers " 14.4 57.1
Flounder (Pleuronectes flessus)™ oo | Britain 16.8 81.3
¢ Golavindalu *" < | Andhra 20-3 781
“Gurnards’ (Trigla sp.)* +ev | Britain 19.7-20-2 76.0-77.2
Haddock (Gadus aeglefinusy's v | Britain 14.6-20.3 | 9. 1_34 1
Hake {Merluccius vulgaris)'s " 17.8-18.6
Halibut (Hippoglossus vulgarisps [, 18.0-18.8 | 75. 4 79 0
Hammerhead shark or * Kan mushi’

(Sphyrna bIochu)" .| Bombay 23.9 75.1
Herring, Indian or * Kannan mathi’

Pellona brachysoma)™ Kerala 20.3 728
Herring, Ox-eyed or * Valathan®

{Megalops Cyprinoidesys vro| Kerala 207 "y
Horse mackerel or * Chamban’

(Caranx crumenophthalmus)® Kerala 18.7 769
Horse mackerel or ‘ Kathangda’2t Bombay 20.2 765
Horse mackerel or “Ovupara’ (Caranx

malampygusyt Kerala 21.2 769
Horse mackerel or * Para’ (Caranx

Andhra 21.0 76.0
Jew fish or  Ghol* (Sciaena sina)*® ... Bombay 17-3 774
Jew fish or *Ghol® (Stmena miles)®® » 18-4 69.7
Jew fish or Gorasalu (Scioenidoe sp, )‘7 Andhra 181 ° 80.2
Jew fish or ‘ Kora” (Pseudoscivena .
coiber)® Kerala 18.8 78.3
]ew fish or ‘ Pallikora’ (Otolithes
mber) Kerala 20.0 770
* Jip! Bombay 20-6 e
Jnhn Dory (Zeus faber)t® Britain 184 78.0
*Katari’ % ... | Bombay 21.3 o
“Lady vendi’ (Sillago sihasna)*® Bengal 18.2 770
Lemon sale (Plewroncctes

microcephalus)'e Britain 16.4-18.4 789
Ling (Molva vulgaris)ts » 19.5-22.2 783
Mackerel or ‘Aila’ (Rastrelliger

naguriay* ( “ Kerala 189 773
Mackere! or * Bangda’** | Bombay 181
Mackere) or ‘Bangda'® v | West Pakistan 202 76:5
Mackerel or * Tel-bangda (Scombor

micralepidotusi® ..| Bombay 19.5 7

¢Mandela’ (Coilia dussumieri)®® " 146 771

Mandaly* (Coili dussumieri) ", 175 [

Megrim (Arnoglossus megastoma)"‘ Britain 178 80.0
or *Niwta

A e s oo .| Bombay 194 764

(Boleopthalmus dussumieriy’®
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“Tante XIX. Protein Content of Fish and Fish Products

Protein ;.
" Moisture
NAME Locality Soment: | Content
% %
Mullet or ‘Boi* (Alugll speigleriy™® Bombay 17.8 73.0
Mullet or * Bont Andhra 226 76-0
Mullet or Thlruthu (Illvxll oeur) ...\ Kerala 19.1 699
Mullet, grey (Mugil sp. Britain 19.5 75-6
Mullet, red (Mullus ep., )" " 190 9
Oil Sardine or ' Nallamathi’

{Sardinella longiceps}* e} Kerala 196 76-5
*Pakat’ (Dasybatus uarnakys o | Bombay 20.0
“Pakat’ (Dasyatis zugeiy® . " 219
‘ Pllamplztc (Pampus argenteusy® ...| Bengal 151 8.

arsey,” big variety (Mug.l pama)m ,, 18.4 72.3
Phlce {Pleuroncctes plagessays .| Britain
Pallack (Gadux polhthnu)“ »
Pollona or * Engallu” (Ptllana sp.) ...| Andhra 57
Pomiret or * Chanduva ' (Stromateus

sp.)¥ el 19.1 785
Pomfret, black or * Halwa’

(Stromateus nigery* ..-| Bombay 184 70-6
Pomfret, black or ‘Halwa®

(Parastromateus niger)™ ol e 194
Pomfret, black or * Halwa'3* .| West Pakistan 18.4 70.6
Pomfret, black or *Karuppu avoli’* | Kerala 203 745

Pomfrer, white (Stromateus cincreus) | Bombay 17.5
Pomiret, white or * Saranga P 167 71.0
Pomfret, white or *Vellai avoh‘ 3 .| Kerala 17.0 784
*Rangoli’ «+.| Bombay 16.9 66.6
Ray m- ‘Nen(humdx (Rhinoptera

Kerala 209 ° 753
Redfehs (Sebaxx:s norvegizusys Britain 18.1-18.5
Ribbon fish or “Savatlu’ (Tntltwmr

haumela)™ Andhra 191 93
Rubbon fish or  Vallithalayan®

(Trichiurus saxa Kerala 18.1 76.6
Ribbon fish or * Wakti’® Bombay 22.0 47
Saithe (Gades virens)* e Britain 16.4-20.3 812
Salmon, Indian or *Dara® (Pnlynenm.r

indicus Bambay 15.5 774
Salmon, Indian ot ‘Dharo’* Y 206
Salmon, Indian or ‘Rawas’

(Polynemus tumdatulu:)' - " 16.5 760
Salmon, Indian or *Rawas® oo | West Pakistan 16-5 76-0
Salman, Indian or ‘Rawas”

(Elauxlwama tetradactylusys .| Bombay 19.7
Slrdu-.e n)l“‘ Ambatta’ (Opulhaplenu K

Kerala .. .
Sa;dme or)‘ Chala mathi* (Sardinella 182 73
mbria; e . .8 2
irdiac or {Kavallar epea fimbri Andhra b1 nz
ardine or *Tarli’ (Clupea fimbriatay* | Bomba; ¥
Seer fish or * Aya A v ¥ v 186 774
gutiatum oo | Kerala 2.5 727
Seer fish o *Surmai” (Cybium
commer! . «s} Bombay 179 .
Seer fish or *Surmai ' «:e] West Pakistan 17.9 ;§§
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‘Tante XIX. Protein Content of Fisk and Fish Products

Protein Moisture
NAME Loeality | $PR'Nt: | Content
N x6-25 o,
e %
Seer fish or ‘Surmai’ (Cybium kuhlii)®| Bombay 19.9 63.0
Seer fish or ' Surmai® (Scomberomorus
guttatum)®s Bombay 19.7
Seer fish or Vanjamm
(S tambemmom: sp)¥ Andhra 24 49
Shad, Indian or mag {Clupea lalt')" Bombay 18.0 '78.3
Shad, Indian or ‘Palla’ (Hilsa ilitha)* » 215 715
Shark or ‘Mushl (Carcharinus
limbatus)s Bombay 26.1 72,0
Shark or 'Sn\vu (Carcharius
lacticaudus)™ Kerala 229 75.5
Shark or vau (Carcharius
menisorra Kerala 21,6 760
Shark or ‘Surn ra Andhra 219 728
Silver bar fish or ‘Karli’ (Chx'roc:m
dorab, Bombay 19.8 761
Silver belly fish or ‘ Chakra mullan’
fognathus insidiatrix)i Kerala 19.2 764
Silver belly fish cr ‘Nalla mullan’
(Leiognathus bis » 188 760
Silver bellies or 'Karalu (Lnagmuhlu
sp.J¥F oo | Andhra - 225 el
Sole or * Vala manthal® (Cynoglossus
semifasciatus)it «o | Kerala 19.5 724
Sole (Solea vulgari* Britain 188 779
*Sooga machli® (Eutropiichthys
vacka)®® «..| Bihar 20.8 758
Sword fish (Xiphias gladius)® +u» | United States 18.7 766
Threadfin or * Bahmeen® (Polynemus
heptadactylus*t Kerala 17.9 76.6
Torsk (Brasmius brosme)* Britain 184
Tunny or ‘Seoda’ (Thynmus
macropterusyh Kerala 23.8 71.9
‘Turbot {(Rhombus maximus)s Britain 16-8-20-6 783
Whiting (Gadus merlangus)is Britain 16.4-19.0 804
\thng, Indlan or ‘Poozhan’ (Silla
sthima)® Kerala 192 771
‘White baxt or *Nethal " {Stolephorus m‘)“ ”» 14.5. 79.1
Witch (Fleuronectes cynoglossus)®® .. { Britain 14.6-17.5 81.0
Shellfish and Crustacea
Blue mussel or ‘Kaduka’ (Mytilus
edulis)* | Kerala 9.9 81.5
Chank, Indian (Xancus pyrum)s* Madras 24.8 67.5
Clam, edlble, average of 29 samples
{(Meretrix casta)® «.] Madras 9.8 77-8
Crab (Cancer pagurus)® . Bntam 224 73.6
Crab or ‘Khekda (Sella serrata)' ...| Bom! 158 81.0
Crab or * Khekla® Wesx Pakxstan 15.8 81.0
Crab or 5y ... | Bihar 119 61.7
Lobster (Homarus vulgarisy +er| Britain 19.7-20.7 | 71.5-75.0
¢ i’ (Panuli)
Lobster or ‘Shevandi’ (. rus Bombay 19.6 763

ornatus)
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Tase XIX. Protein Content of Fish and Fish Products

Protein

. Moisture
NAME Locality | SOTMERLt { ‘Content
% %
o
Lobster or ‘ Shavandi’# o | West Pakistan 19.6 76-3
Lobst: *T 1 gorla* (Paloemor

s[:i)‘e‘r or *Tengul gorla” ( «oe| Bthar 20.5 773
Oyster, edible, average of 29 samples

(Ostrea virginiana)®® weo | Madras 9.8 80.0
Prawn (Leander servatusyi* e} Britain 22.8 72
Prawn (Peneus menoder)®s s | Bombay 194
Prawn or * Andail gotla’ (Paloemon N

Spos Bihar 215 75.5
Prawn or * Chemmin’ (Peneus

monodonyd w.. | Kerala 176 78.5
Prawn or Chemmm {Peneus

Semisulcatus) .| Kerala 208 76-7
Prawn or 'Jheeng +v.| West Pakistan 188 73.0
Prawn or ‘Karuana gorlz (Paloeman

lamarrei)t «.| Bihar 17.5 76.6
Prawn ot ‘Kolambi’ (Parapeneopsis

seulptilus) «.| Bombay 16.2 750

awn ot * Kozhi chemmin*

(Peneopsis dobsomin)* s | Kerala 18.0 789
Prawn or ‘Vala chemmin”

(Trackypeneus asper™ Kerala 187 78.6
Shrimp (Crangon pulgarisit w..| Britain 22.0-232 | 67.6-70.0
Shrimp or | Bhnt jhinga,” immature

{Paloemon sp.ya 14.8 75.5
Shrimp or ¥ Rarands* (Leander

styliferusy «r | Bombay 183 776
Shrimp or ' Khrandi’# e | West Pakistan 183 776

Fish Products
* Bali kanakda,” dried® «o | Bengal 440 17.5
Chank, Indian, dried chips -er| Madras 70.0 13.0
“ Chiki,” driedtt ... | Bengal 54.7 146
! Ghogra,” dried% «r | Bombay 56.0
' Goga chingri,’ dried®* sse | Bengal 554 150
“Halda chingri,’ dried® <. | Bengal 560 16.0
“Joyali magur,’ dried*s <[ Bengal 69.7 13.6
ﬁmas, dmd (ubeo calabasu)® Bombay 684
” 60.2
‘Kirid,’ dned (Eaganu:;meh . " 59.9
“Maral,” dried (Ophmuphabu
lm:npuncmu:) . i Bombay 62.0
al machh,’ dried* e | Bengal 56.2 15.5
*Pata machh,’ dried® o | Bengal 64.6 126
“Rangi chingri,” dried .. Bengal 56. .
*Rupspatar,’ dried <. | Bengal 54% }Zg
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‘TasLe XIX, Protein Content of Fish and Fish Products

Troteln | Moisture
NAME Locality Content: | o ontent
Nx625 o
o %
Sada chingri,” dried® Bengal 50.8 4
‘Shanka chur,’ dried* "g 67.2 ;24
! Shivada,’ dried (I¥allagonia attu)® ...| Bombay 551
¢ Sulll(h,u;r,a'\ chelwa,' dried (Chela
Dphulo +0s| Bihar ‘ 648 4.
*Sukhua jhinga,’ dried (Paloemon * 7
lamarrei)™ oo | Bihar 68.1 6.0
‘Sukhua machli,’ dried
(Amblypharyngodon sp.y® «ee| Bihar 60.0 2.6
‘ Sukhua machli,” dried (Barbus ticto)?® " 56.0 2.5
“Sukhua machli,’ dried (Clupea
chapra)®® Bihar ' 689 3.8
‘Sword fish,” dehydratedit »se} United States 68.1 24
Taltapra,’ driedt® Bengal " 545 110
“Tangra,” dried® ”» 549 13.8
*Tapra * dried® " 62:3 126
“Tapsi,’ dried*® ” 58.5 16:2
“Vanz," dried (Cirrhina reba)' «0s| Bombay 70.0
Bombay duck or ‘Bombil,’ salted and "
ried™ Bombay 572 . 385 ¢
Bombay duck, salted and dried!** Bengal 523 . ..
Rombay duck, salted and dried®t " - 73.0 R
‘Goda chingri’, salted 2nd dried®* Bengat 59.0
‘Goda chingri’, salted and dried*sf . " 76.6
$Golim’, salted and dried (Acetes sp.y | Bombay 66.1
‘ Halda chingri,’ salted and dried®* .., | Bengal 57.0
“ Halda chingri,” salted and dried®} ... ” 80-0
“Halwa,’ salted and dried3® ..« | Bombay 27.8
¢ Khoira,’ salted and driedst® .-« | Bengal 47.6
¢ Khoira,” salted and dried*t » 70.2
Mackerel or * Bangda,” salted and

dried* <o« | Bombay 46.6 34.5
* Makta chingri,’ salted and dried!** Bengal 492 19.1
 Makta chingri,” salted and dried®} ... ” 734 11.3
¢ Mandeli,’ small variety, salted and

dried i ...| Bombay 525 31
¢ Madki,” satted and dried .

(Penoetis sp % «.{ Bombay 72.9 4.2
¢Mudal mach,’ salted and dried® ...} Bengal 49.8 263
“ Mudal mach,’ salted and dried®} .., " 76-2 126
“Mushi,” salted and dried (Scolioden .

sorrakewah)y® oo | Bombay 670 9:6
« i chingri,” salted and dried®** _,.| Bengal " 563 18.6
¢ g:ﬂﬁ: zhing:i,’ iya‘“d and dri;d"-]‘; . o 72,8 11.6

i h or “Vakati,” salted an
Ribban fish or X Fombay 761 o

dried® 1

* dried on the beach by indigenous methods.
+ dried in the factory by controlled methods.
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Tapre XIX. Protein Content of Fish and Fish Products

Protein .
Moisture
" t:
NAME Localiiy | S5 | Content
% %
Ribbon fish, sslted and drjed®®  ...| Bengal 588 178
Ribbon fish, salted and dried®™  wwvi 1 75.5 o ..
*Sada chingri,” salted and dried™ ...} Bengal 533 204
*Sada chingri,’ salted and dricd®t wee| 5 79 126
* Shengti,” salted and dried (Macrones
ehiily <us| Bombay 371 472
“Sode, var. 1, meed and dried
(Parapene Bombay 56.6 318
Sode, var. I1, salted and dried® ” 756 170
*Surmai,” salted and dried® " 86 83 .
Cet
¢Tendli,’ salted and dried (Metapeneus <
sp N +a| Bombay 608 t7.8 ',
Fish meal, fresht® 394427 '] ‘8144
Fich meal, stored for 4§ months in
ny bagstt 270 19.0
Fish meal, stored for 4} months in
glass containert 369 136
¢ Air” meal® Bengal 77.9 L 49 -
Anchoveta mealft Peru 626
‘Anchovies mesls? 22| orissa 627 £5
Bonito mealst woo| Pera 59.5
Blue mussel meal (Mptilis viridi)® ... | Kerala 658 135
Chank meal (Turbinelia pyrum®  ...| Kerala 790 16.0
Clam meal (Meretrix sp.)* I 659 97
Dotphin fish mealst «..| Orisss 69.7 43
Herring meal, low temp. dried® .| United States 704
ial, flamedried |, 72:0
“Katla® meal®® «ce| Bengal . g
“Koi” meal® T o 3
“Koral” meal®® n 93.0 31
Machete meal® Peru 57.3
Mackerel meal, nnguttedst Orissa 601 87
Mackerel meal, gutieds " 63.1 8.7
Mackerel mealt* T} kefala 734767 | 78128
Mackerel m:al cooked and pressed’® " 74.6 1.7
Mrigal” meg ... | Bengal 784 75
Mussel meat 116 21
Oil Sardine meat wue| OFi 2
Qi Sardine meal® | Rerala b A
“Poa’ meal «..] Bengal
Prawn mel, whole, cooked and i 4 58
pressed™ wo| Kerala 858 10.5

® dried on the beach by indigenous methods,
1 dried in the factory by controlled methods,
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‘TasLe XIX. Protein Content of Fish and Fish Products

Protein

. Moisture
NAME Locality | SRS | “Content
% o
Prawn meal, whole, beach dried™ Kerala 64.4 3.5
Prawn shell meal$ . 55.9 6.2
Ribbon fish meal® e | Kerala 81.8 26
Salmon meal® United States 57.7
Sardine meal, whole erala 506 5.1
Sardine meal, heads®® " 53.6 104
*Sarputi’ meal® Bengal 70.7 5.8
Shark meals® Orissa 77.8 9.9
Shark meal, average of 19 sampless® United States 78.1 9.2
Shark head meal® erala 84.0 1.5
Shark liver meal® » 36.4 8.0
Singhi® meal® Bengal 81.4 69
Skate fish meal® Orissa 77.9 6.5
Sole fish meal** Orissa 61.4 6.1
Sole fish meal or * Manthal” meal,
cooked and presseds* v | Kerala 80.7 64
Sole fish meal or ‘ Manthal * meal,
beach dried® . » 60.6 50
Star fish meal (Pentaceras sp.)™® . » 7.8 33
Whale meal (Cetacea sp.y* v | Peru 77.0 o
South Africa, 80-1-86.5 74-9.4
‘Whale meat meal, grade A? Australia and
Whale meat meal, grade B¥ Br tish floating 56.9 66
‘Whale meat meal, grade C factories in
Antartic sea 18.7 3.6
‘White bait meal (Stol ephoroustoiy* ...| Kerala 738 120
White fish flour® ..| South Africa 89.0 40
Eel liver, silver,® ... | Britain 13.2 77.9
Eel liver, yellow®® o ” 14.3 787
Whale (Sei), heart®® Japan 17.2 72.3
Whale (Sei), kidney* ”» 161 79-8
‘Whale {Sei), liver® o » 21.6 731
‘Whale (Sei), lungs* 20.0 767
Whale (Sei), pancreas®! 17.9 755
‘Whale (Sei), tongue®* 75 411
Fish paste or " Ngapi seinsa s 15.9 an
Bloater paste*® 16.2 69-0
Salmon and anchovy pastes® 16.4 67.3
Salmon and shrimp pastes 141 67.8
Fish sauce, grade I% 131
Fish sauce, grade IT4 8.4
Fish sauce, grade IT1% 2.8
Fish sauce, gr‘agle Ive first 09 e
F‘s"‘,:,‘,‘,’y“ or “Nuoc-mam,” firs Viet Nam 13.8
Fish sauce or *Nuoc-mam,’ ordinary
quality® ” 12:2 o

Fish sauce or * Nuoc-mam**
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TABLE XX
NUTRITIVE VALUE OF FISH PROTEINS

Nutritive Value

Protein "
| Level of |~ _1c, N
SOURCE gontents | feeding | Biological {771, 47| Protein
X o value e | efficiency
% % % | gesz:’l/nhty atio
3
Fresh water fish
205 10 s 94.3
< Air* (drius ariv)® e 15
Carp, common (Cyprinus
carpiot . 18
Carp, golden (Carassius
auratus)it w - 1.4
‘Ratla’ (Catla cotla)® ... | 192 0 0 86 is
*Koi " (Anabus
testudineus) 146 10 86.8 95.6
“Koral'® 210 10 8.3 97.1
Loaches (Misgurnus
anguillicaudatusy® oo | e 840 8.0 ;
“Mrigel’ (Cirrhina 196 10 721 924
rigala) . 15 -
“Poa’® 186 10 7.8 95.9
*Sarputi’ (Barbus
sarana)™ vl 178 10 824 9.3 .
*Singhi* (Saccobranchus 10 885 95.5
Jossilisy® .| 160 15 s
Snake head (Ophiocephalus
argus)it 20
Whitefish (Cultes
brevicaudayo 83.0 9.0 .
Marine fish
. » 5 815 83.0
Jew fish or * Ghol y
(Scivenea sp.yo 184 » 3| -
Salmon, Indian or *Ravas® H 798 850
. 20.6 10 6.0 85.
(Polynemus sp.y*" 15 522 &2
Seer fish or *Surmai® 3 756 859
e 199 10 80 | sz
(Cobium sp. Y 1 594 | 764
Shark or *Mushi® H 729 822
- ™ 14.9 10 62.1 84.2
(Seoliodon sp. )" 15 533 708




‘TasLe XX, Nutritive Value of Fish Proteins

Protein | [ . Nutritive .Value
SOURCE . | content s | 28 ding | Biologizal Coefficient] Protein
Nx625 | fec valie - [oftrwedi- | F050
% % gest:% ility [ oo
Shellfish and Crustacea
Cuttlefish (Sepia
esculenta)ios . . 12 61.0 85.0 .
P «Golim? 5 75.6 8.7
r::;zm?r Golim? (Acetes 10 607 50
15 54.5 7.9
'
Prawn or ‘Sode”’ 5 76.0 84.2
(Parapeneus sp.) 214 10 66.5 85.5
sample 1107 15 58.8 72.6 .
Prawn or ‘Sode,’ 5 782 85.7 .
le 11107 10 . 749 871
sample 11 15 8 | 72
Prawn or ‘Tendli’ 5 71.8 864 s
19.6 10 65.7 85.8 v
(Metapeneus sp. )17 15 596 732 o
Sagittated calama;
(Omuastrephus & N
pacificus)oe 91.0 92.0
Shrimp (Macrobragium T :
nipponensisyior o .. 77.0 96.0
‘Trepang (Stichopus
faponicus)os o e 75.0 91.0 -
Fish protein
Cod protein, extracted ’
(Gadus morrhua)iss ... e . 87.0% .. .
Cod protein, extracted,
heated at 45°C for
48 hre1 80.0¢ o
Cod protein, extracted,
heated at 100°C for
48 hrs.1%5 e 49.0% e -
Herril rotein, extracted
‘(Eff,‘;“fe,‘,’ ;m,,,,g,,,)f,s 76.0%
Mackerel protein, extract-
ed (Scombar
scombris)® 9 21
Sword fish protein,
extracted (Xiphias
gladius)®* e 681 8 e 32
Tt otein, extracted
‘;;‘;xﬂ:nu: sp.Jus 12 21
® denotes Net Protein Utilisation (Biological value X C i of true

digestibility.)
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Taste XX. Nutritive Value of Fith Proteins

Protei Nutritive Value
rotel® | Level of Cocffici
content: i Biological : | Protein
SOURCE NX6.25 fee;mg vatae | of mg];h- efficiency
% ° % g“‘{.y Y1 ratio
o
Fish products
Fish, driedtt h 82.5 8 e ou 35
Fish'meal from lean fis!
commert 59-0-72.5 61.0.78.0 | 83.0-97.0 e
Fish meal Irom Iean ﬁsh
defatted and
deodourised! . | 647752 e 53.0-82.0 | 93.0-96.0 e
Fish meal from semi-lean
fish, defatted an:
deodourised™? v | 747794 . 39.0-71.0 | 47.0-96.0 .
Fnsh rnexl fmm fatty
(oil; e 32.0-36.0° - i
Fish tatal fmm fatty fish,
defatted and
deodourised'™ 66-6-73-4 o 36.0-59.0 | 63.0-81.0 -
Fish meal (from heads nnd
inedible fish)u2 e 8 710 o
Fish meal (fertilizer
de)its 36.00 ey
Anchovies meal (Engvaulu
encrasicholusyih | 503 8 82.6 76.6
Cod meal, vacuum-dried
in the laboratory™®  .:. 8400
Cod meal, dried at 50°C
in the laboratory'® 82.0¢
Cod meal, dried at 100
m the lzboratory'® ... -ee 70-0*
Cod meal, commercialt? 68.6 66.0 4.0
Cod meal, extracted!™ .., 775 - 770 92.0 .
Cod meal, extracted and
deodourised!™? - 769 . 76.0 92.0 .
Cod meal, defatted and
deodourisedi 740 - 69.0 95.0 .
Cod fillet meal, defmed
and urised1?’ 891 e 670 95.0 .
Cnb m:ll  (Cancer
- 35.0 8 85.9 707 e
Crayﬁsh meal | (Astacus
Slueviatitisyar - 8 81.0
Dogfish meat (Squalus
acanthiasyiss 5000 .
ogfish me:
commercialt® o . " 5100 e 2o
Haddock meal, vacuum-
dried (Illthnogmmmur
aeglefinus) 64.0 10 85.0
Haddock mezl, flame-
driedi¢ 61.8 10 78.0 .
Herring meal, Alaska!tt 69.7 8 97 87.2 o
Herring meal with
solublest 521 8 822 89.6

denotes Net Protein Utllisation (Biological value x Coefficient of true

dlgesubxhty b}
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TasLe XX, Nutritive Value of Fish Proteins

Protein +_ Nutritive Value
. | Levelof [ " 5 N
SOURCE Nxess | foeding | Biotogical|CREcint Protein
3 o rue g
% % oo gest:'thty efficiency
Herring meal, .
commercialt? 70.0 P 68.0 94.0 s
Herring meal, dcfatted“’ 84.2 . 59.0 96.0 e
Hetring meal, defatted
and deodourised” ... | 83.0-87.0 s 60.0-79-0 [ 93.0-94.0 -
“Hilsa® meal, sun dried
(Clupea ulxm)“ . 643 10 73.5 89.1 17
5 780 825 0.3
‘Hilsa® meal steam 60.0 10 69.5 82.6 13
dried®* . 15 62:1 81.3 1.5
Menhaden meal
(Brevoortia tyranmus)t | 634 8 86.9 892
Menhaden meal, vacuum-
driedii . 53.2 10 76.0 o s
Alenhadzn meal, flame-
driedit a 511 10 70.0 - e
Red fish mealt 5711 8 87.3 868 -
* Ruhee ’ meal, sun dn:d
(Labeo mhlta)" . 766 10 86.6 96.5 1.8
X 1.5
*Ruhee 'meal, steam 72.2 0 53 erd 1.6
dried 15 725 | 90 17
Sardine meal {Sardinella
T I 8 | 64 | on8
Sardine meal,
“éo,'nm,ﬁf,p:; g |68 77.0 870
Sardine meal, defatted
and deodourised™®” ... 81.8 . 70.0* . .
‘Whale meat meal
(Cetacea sp. )™t s . 8 67.0 » e
Whale meat and bone
mealtit . 8 67.0 -
Whale and fish mealit? e 8 63.0 " o
Whitefish meal}® e e 58.0-73.0° o
Whitefsh mealis K] 240
Whitefish fowrt® 1 [8627894] 7 %7 | 95
* denotes Net Protein Utilisation (Biological value X C of true
digestibility.)
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TABLE XXI., AMINO ACID COMFOSITION

AMINO
SOURCE Protein
content | Arginine | Histidine| Lysine | Tyrosine Tr{lpto-
o|T% | % | % | %
Fish?? 56 1.9 6-8 4.0 1.3
Fish muscle? 74 2:6 90 38 1.2
Fish muscle™ 5.8 2.5 86 ves 1.1
Fish muscle® e 64 21 87 43 1.2
Fresh water fish
Carp heads (Thynnicthys
sp. )t . 5.5 06 42 .
Salmon, raw (Oncorhynchus
tschatoytschayis 18 .| 198 57 26 81 0.9
Salmon, heat-processed™: 7 19.3 57 2.5 8.1 P 0.9
Salmon, muscle, steak® 92, 237 64 23 90 44 14
Marine fish
Cat fish or ‘Shmgala (Arius
caelatusytes . e 0.7 e 12 . e
Cat fish or ‘Shingala®
(Osteogeniosus militaris)ot . 0.6 . 0.7 v
Cod muscle, steak (Gadus
morrhua), v | 231 63 20 84 45 13
Cod, reds¥ “ 9.0 43 1.6 144 04 o1
‘ Dhoma* (Scigena bleekeri)iot . 0.6 12
‘Dhoma’ (Sciaenoides
brunnesus)ios o e 0.7 0.7 - o
Haddock (leanngmm-
mus aeglefinusy’ 57 1.9 8.6 0.;
Haddock, boneless, fresh® |  19.6 9.2 33 9.6 1
Haddock fillet, average of
3 samples® . 55 20 99 1
H?l]?ut large steak
ippoglossus
hippoglossus)™ 20 8.4 3.7 9.4 1.1
Herring (Clupea harengus)® 9.1 5.9 20 8.2 2.2 0.7
Horse mackerel (Caranx
rottleri)tt 4-5 1.8 67
Mackerel, Atlantic, raw,
(Scomber scombris)™t % 17.6 56 4.0 8.2 . 0.9
Mackerel, Atlantic,
heat-prucessed" 5 18.5 57 3.6 80 .. 1.0
Mackerel, Pacific, raw 10
(Prmmmlaphgm.\' diego)'s™ 21.2 55 5.5 8.8 !
P: .
Mﬁcelﬁff;lm:scs’eﬁu n ol 28| 53| s2 | 83 10
‘ Mandeli” (tha 07 1.0 -
e gilolur | 11 | 66 % 1% [

® (C: Chemical; CC:
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OF FISH PROTEINS

AciDs Method
of
Phenyl- " Methio- i 7 H i estima-
aaine Cy:/!me sy Thr:/omnm Leg/:me Isoleo}:cme Vﬂnl:‘ne stima
% ° % N
1.2 34 4.4 . e e MM
ti 1.2 32 4.7 9.5 6.5 6.0 MM
39 e 29 34 88 58 6.7 M
4.5 1.2 37 4.2 C
37 3.0 4.2 71 5.0 5.5 M
37 3.1 4.5 74 49 5.6 M
4.5 1.0 35 4.2 o e . c
05 . - - cc
. - 0.4 .. - ™ . cC
4.3 1.1 3.5 45 o s [o]
4.4 26 51 114 6.8 5.0
- 0.6 . e . o cc
0.5 . . e cc
37 2.8 4.2 7.5 54 5.6 M
41 41 4.0 86 6.2 59 MM
38 1.0 2.9 4.5 79 . 6.3 M
34 4.5 88 6.2 6.0 MM
35 22 is 80 64 51
a5 27 4.7 7.0 5.3 56 M
34 " 28 49 7.3 4.9 52 M
39 . 28 44 7.6 5.3 54 M
38 “ 28 4.4 74 4.8 5.2 M
.. o 0.5 - . oen e
P2 05 43 71 13 59 55 <
M 3 MM Miscell
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TanLe XXL  Amino Acid Composition

: AMINO
SOURCE Protein
content | Arginine [ Histidine, Lysine |Tyrosine -Trypto.
% % | % | % | B
%
‘Niv’ (Chaetoesrus nasus)os 0.6 0.9
!Pakat * (Dasyatis zugei)... 4.5 5.2 17 19.5 14 06
Pomfret (Stromateus sp.)2,.. 185 6.1 1.8 1.3 0:6
Pomfret™ 54 1.9 108 0.9
Pomfret, black or ‘Halwa

{Parastromateus niger) ... 21.6 3.7 "3 o 13 0.7
Salmon, Indian or *Rawas®

(Polynemus

tetradactylusy® 194 74 1.7 198 1.6 1.0
Sandart (Lucwpemz

sandra)*® 4.7 22
Sardine, raw (Sardmap.v

caerulea)’t 20.8 4.9 5.0 83 - 11
Shad (Ethmydsum clulcae)" 57 23 98 1.1
Shad Indian ot “Bhing’ e

(Hilsa v liym 0.7 - 0.9 " .
Shad, Indian or ‘Pala’

(Hilsa ilishayios . 0.7 1.0 .
Shark (Mwl:lu: mento)
Shark meat™ " . 57 2.2 74 31 0.9
Shark or ‘Mushi’

(Canhanu: limbatusy’s .. 20.5 52 1.7 16.5 1.5 0-8
Sword fish, broiled

(Xiphius gladiusyt 28.7 8.8 29 71 - 15
Threadfin_{Polynemus sp.)it - 50 24 50 e -
Tunny (Thunnus

macropterus)*® vor . - . e v
Whale meat (Cetacea sp.)™* v 6.5 36 0.5 24 trace

Shellfish and Crustacea
Crustacean muscle?® . - 76 1.9 83 4.7 1.2

Crustacean muscle®® o . 6.5 1.8 84 4.8 1.2

Lobster (Panulirus ornatusy’s | 213 72 1.2 17.6 08 02
Prawn (Peneus sp.)"* e 20.1 8.3 1.6 18.5 1.0 0.4

(&
Sbu’,ﬁ’,ga",f,)-'f.’-‘.”” 231 66 18 83 47 12
Shrimp, heat-processed™» K 233 94 2.2 85 e 1.0
Fish protein
Cod muscle protein®® 93.8 1.3 2.0 11.6 1.9 0.8
Herring protein®®? o | 836 89
“Hijea”lobuli (Clupea 70 30 55 o5 17
‘H)lsﬂ glutelm’“ 91 22 46 75 6
¢Ryhee’ globulin (Labeo . y 8.5 1.8
rohita)t 82 ! *




of Fish Proteins

ACIDS Method
of
Phenyl- i Methio- i i i i Estima-
aa | Cystine | MG [Theeonine | Leucine [soleucine Vaol/me Stim
o % °, % % /o
3 b
o - 0.5 . = - . cc
2.7 1.0 1.6 4.6 12.5 5.2 3.5 M
33 13 30 69 107 52 540 M
32 2.6 44 73 5.0 40 M
21 trace 18 41 6.2 34 29 M
4.5 23 37 81 8.8 73 65 M
. 1.5 . .- . .- e
3.5 2.6 4.0 6.2 4.3 4.9 M
37 2.8 41 77 5.0 62 M
v 1.9 39 e o . eor
o4 . - cc
o 05 cc
1.8 36 e
44 08 32 MM
37 09 20 5.4 54 M
4.1 - 29 26 8.0 77 3.2 M
. - P . - . c
19 37 o .
.. o .- 63 .
48 13 3.4 4.9 oo MM
47 11 34 39 i [+4
27 15 22 n.3 M
46 14 4.6 46 143 56 41 M
4.8 11 32 40 P e . C
45 34 41 8.5 53 5d M
0.9 . . e " s
o 0.8 31 s P .- e MM
.. 07 - e . . o~
.- 17 . - o e - g
. 1.4 .- - [+




Tapte XX1. Amino Acid Compositior

AMIN(
SOURCE Protein N _—
rginine | Histidine] Lysine |Tyrosine
% % % ’ % % q‘p"
“Ruhee’ glutelini = . 102 23 4.5 91 ! 20
Waste fish protein®? e e 25 25 1.0 3.0 ,
Fish products
Sword fish, frozen® 187 91 33 72 1.3
Haddock, debydrated® ... . 53 1.7 9.2 " 0.9
#Kanas’, dried (Labeo
calabasu)® 684 56 1.6 76 " -
¢ Kankut*, dried" 602 64 28 106 e "
'Knrwn , dried (Lerhnnu: b
karwa)'® 80-8 |11.6-121 21 69 31 0.3
*Maral’, dried |
(Ophzocepluzlu:
lcucopummmr)“ 62:0 64 134 68 e
Mullet, d
(b!ulloxdtx sp.yo . 828 |9.8.11.0 6.6 44 3.6 0-6
Satmon, Indian or ‘Rawas’,
dried1®? - 851 7.1-84 7.9 22 24 0.8
Shad, dehydsated” 57 22 9.5 . ] 09
'Shuada dried
(Wallagama attu)® e 551 5.0 113 37
Sword fish, dehydrated®® ... 681 76 28 68 . 1.0
“Vanz®, dried (Cirrhina
rebayt . | 700 6.3 04 15.9 .
Haddock, canned®? - 52 1.5 81 - 1.1
Satdine, raw, inoil™ % .. | 211 55 25 7.8 . 0.8
Sardine, raw, in tomato
sauceth 1 w | 176 51 4.8 8.6 e 10
Sardine, precooked, in
tomato sauce™ 16 193 54 4.9 9.5 o 11
Satdme, heat-processed,
oil 213 55 22 7.9 . | 08
Sardme. heat-processed, m
tomato sauce e, 18 189 50 4.5 8.1 e 1.0
Shad, canned 5.2 19 9.0 P 0-8
Sword fish, canned“ 17.5 96 29 7.0 e 11
’I'una. raw, in oit {Thunnus
)T ed, 258 5.4 57 82 . 11
t 00K e
T“J.‘" Bim o] 2 5.2 5.6 84 10
h t-processed, in
Tung, heat-processed, § 256 s2 | so | 83 09
Fish flakes, raw' " 244 6.0 2.0 9.0 e 1.0
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of Fish Proteins

‘acips Method
of
Phenyl- - Methio- i N 5 Vali estima-
ﬂ;’:z; . Cyg/!me nine Thr;’ﬂomnel Leg/:mu ho’i}:cme n;{:ne s
% ° o
20 . s c
. 0.5 15
41 . 3.8 2.6 78 7.5 4.7 M
32 . 26 4.2 V74 5t 5.2 M
53 34 - . c
. 62 3.8 . | o c
i
- 13 " } | . [+
. 6.2 84 I’ [
21 l c
34 27 4.2 76 5.2 5.8 M
71 89 e ave e e C
ey 27 2 732 67 33 M
c
. 6.1 24
37 - 31 44 76 ’ 5.2 51 M
33 27 43 69 1 48 50 M
3.9 27 4.4 74 | 48 52 M
40 3.0 4.9 88 49 56 N
36 27 45 l 72 47 5.1 M
37 28 42 | 72 | 45 52 M
3.8 3.0 41 7.5 46 6.7 M
4.5 30 2.1 7.9 [ 7.8 3.9 M
34 - 28 47 69 44 5.0 M
15 .. 28 46 72 48 52 M
37 . 28 43 7.3 49 53 M
38 30 5.0 8.0 5.5 53 M
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Taser XXL.  Amino Arid Composition

AMINO
SOURCE gor::::: Ar, Hi Trypto-
ginine | Histidinej Lysine |Tyresine v
s % ’ % } % | % | "
‘Ruhee’ glutelinttt - N 10.2 2.3 45 9.1 ’ 20
Waste fish protein:? . e 2.5 2.5 1.0 3.0 |
Fish products
Sword fish, frozen® | 187 91 33 72 13
Haddock, debydrated®” ... e 5.3 1.7 9.2 o 0.9
‘Kanas ', dried (Labeo
calabasu) ! 684 5.6 16 7.6
‘Kankut’, dried® 60-2 6.4 28 10-6 .
*Karwa’, dried (Lelhnmu L
karwa ) o 808 [11.6-12.1 21 6.9 31 0.5
‘Maral’, dried - N
(Ophmcephalu:
levcopunctatus)’® £62:0 64 134 6.8
Mullet, dried .
(Mulloides sp. )% - 82.8 {9.8-11.0 6.6 44 |7 3.6 0-6
Salmon, Indian or ‘Rawas \ v
dried?® - 85.1 7.1-8.4 7.9 22 24 0.8
Shad, dehydratcd" - s 57 2.2 9.5 o ¢.9
“Bhi wada dried
(Wallagoma atu) 55.1 5.0 11.3 3.7 -
Sword fish, dehydrated® 68.1 7.6 2.8 68 . 1.0
“Vanz’, dried (Cirrkina
vebayt . | 100 63 0.4 159
Haddock, canned?? o 52 1.5 81 o 11
Sardine, raw, 1 ol .. | 211 55 25 7.8 038
Sardine, raw, in tomato
sauce™ e 17.6 5.1 4.8 8.6 . 1.0
Sardine, precooked, in
tomato sauce’s ¥ 19-3 5.4 49 9.5 11
Sardine, heat-processed, in {
oil!h, 7 213 55 22 7.9 e |08
Sardine, hear-pmcesscd m
tomato sauce™. ¥ 189 50 45 81 1.0
Shad, canned® 52 19 9.0 0.8
Sword fish, cannedst 17.5 96 29 70 e 11
Tung, raw, in oil (Thunnus
sp-J7, ™ .{ 258 54 57 8:2 2.2
Tuna, precookedy
in il 5 | 266 52 56 84 1.0
heat-processed, in
Tups, bat-p ’ 256 | 52 | 59 | 83 0.9
Fish flakes, raw™® 244 60 20 90 | 1.0
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of Fish Proteint

Acips Method
N of
Phenyl~ | Gysiine | Methios I rpreonine] Leucine [Isoleucine| Valine { Estima-
xla:zne % n;.x % % A % tion
3.8 . 3.0 l 4.9 81 5.6 5.4 M
4.7 e 24 41 8.5 6.5 6.0 M
31 s 1.7 31 4.8 33 3.8 M
4.0 w - . 7.8 5.2 6.4 M
44 e 26 5.1 9.1 59 6.4 M
4.1 0.9 31 43 7.8 5.6 7.0 o
1.7 0.6 12 20 . 1.3 17 M
14 27 . . MM
e 27 44 10-1 6.6 -
44 . 28 5.2 8.9 67 5.9
36 23 36 74 4.6 5.2 M
4.0 " 3.0 38 73 49 52 M
3.8 . 25 4.1 74 49 5.4 M
38 25 4.0 7.5 47 5.2 M
37 s 26 37 7-4 47 52 M
4.8 1.0 3.0 5.0 10.0 40 4.0 MM
5.3 . 26 54 108 59 6.8 .
45 2.6 5.3 9.1 5.8 64 -
44 2.6 5.1 9.1 4.5 5.5
4.6 . 2.5 52 90 55 55
34 o 26 4.6 7-8 5.6 6-3 aer
4.5 1.2 35 45 71 6.0 58 MM
6.3 e 33 4.0 - . . s
14 29 " ) - MAE
5.8 30 4.8 84 5.5 58 .
1.5 1.0 15 3.0 17 1.9 M
17 1.2 17 26 23 2.2 M
20 17 20 41 28 26
23 15 24 47 27 30 M
0.1 14 34 - 37 M
19 - 15 2.3 . M
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Tasre XXI.  Amino Acid Composition
AMINO
Protein
SOURCE
content | Arginine | Histidine] Lysine | Tyrosine Tr};pto-
° % % % % p%a.u
Fish flakes, heat-
processed™, 35 .- 23.9 6.2 21 8.8 1.0
Fish meal* 750 6.0 31 8.8 08
Fish meal® 69.2 4.7 15 4.1 07
Fish meal®® 69.6 - .
Fish meal, average of 10"
samples"‘ o 81 26 9.5 2.5 0.8
Fish meal, mainly h:rnng“ 87.5 81 28 9.5 2.9 0.9
Crab mesl (Cancerpagurusy® | 350 |, 2.0 0.5 1.6 . 04
Herring meal1t 662 v 6.9
‘Herring meal®® 68 .- 0.6 44 32 0
Herring meal, mean for 3"
samples 77.5 81 24 81 1.5 1.0
Herring mea\ Coxn‘me!cxal" 725 64 22 1.3 30 0.7
Herring meal, low temp.
dried™ 71.6 25 122 26 11
Herring meal, expeller-
pressed and vacuum
dried’ m 7.3 1.7 7.8 .. 0.9
Herring meal, ﬂnme-dned at
low temp. (185°F)" 68 1.7 7.9 1.0
Herring meal, ﬂame-dned at
bigh temp. (220°F)™® 62 1.7 60 . 11
Menhaden meal (Brewarlm
tyrannusytt 59 24 57 28 12
Salmon meal, chum?®?® e 694 8.4 28 12.2 30 1.0
Salmon meal, pink (mean
for 2 samples)ss 69.8 81 2.5 1.8 2.8 0.9
Salmon meal, pink and
sockeyen "L S 66 8.6 25 | 1o 28 0.9
Salmon meal, pink and
“soles’ (mean for 2
samples)®? 69.1 7.6 2.8 119 29 0.9
Salmon meal, sockeye“ . 61.3 8.3 2.5 104 3.1 0.9
Sardine meal™ . - 74 2.4 7.8 4.4 1.3
Whale meal powder® .. o 124 1.3 . 3.5 1.1
‘Whitefish meal1ot . 67.9 v 6.1 .
Cod liver, red, dried® ... | 706 72 27 80 1.5 12
Fish solubles10s e 2.8 3.7 3.1 0.2
Fish solubles, dried® o 69.4 37 72 3.3 0.7 04
Fish solubles, condensed
(mean for 4 samplesy® . 313 3.5 11 4.5 06 19
B habl
Sardine sl 335 43 58 | 49 0.4
Whale solubles, condensed®t | 47.5 68 11 40 - 05
Stickwater” - 54 26 | 47 o8 1
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of Fisk Proteins

ACIDS

l\‘leﬂfmd
0l
Phenyl- | oyygine | Methio- : : leuci i Estimse
! ystine . Leucine Valine t
nh:une o n;;:e % LA - % tion
1.8 . 0.6 22 3.9 1.6 2.1 M
1.8 . 07 2.2 3.9 1.6 2.1 o
22 - 1.8 2.6 42 2.2 2.6 e
21 . 1.9 2.9 37 22 27 .
21 .- 21 31 3.5 20 2.6 .
22 . 2.0 2.9 3.3 .23 2.5 e
2.2 o 1.9 29 39 24 2.5 o
19 v 0.3 24 33 22 2.8 MM
2.8 s 02 2.2 4.8 41 2:6 MM
22 s 02 23 39 35 2.9 MM
2.0 0.3 2.3 4.1 42 34 MM

23



TavLe XXI.  Amino Aeid Composition

. AMINO
Protein
SOURC
E content | Arginine [Histidine | Lysine | Tyréine| TP
% % % % |-% | Py

Stickwater®® o 37 0.5 4.1 13
Stickwater from herring®® 6.0 37 0.5 4.1 1.3
Stickwater from hetring

(mean for 2 samples)*? ... 54 59 1.4 6.2 0.2
Stickwater from Salmon, .

chum® e 3.8 7.8 1.7 81 0.6 0.2
Stickwater from Salmon, ‘ s

pink (mean for .

samples)™ . 43 8.0 1.6 7.0 07 0.3
Shckwnter from Salmon, P .

pink and sockeye®* o 43 7.7 1.6 6.8 0.7 0.3
Stickwater, from Salmon, -

pink and ‘soles* {mean .

for 2 samples)* 4.2 8.0 1.7 70 06 0.3
Glue water from mixed

Balaena whale blubber,

spray-dried!o® w | 919 7.9 09 26 0.2
Glue water from sperm

whale blubber, spray-

dried!o® e | 694 84 0.7 1.5 0.
Glue water from humpback

whale blubber spray-

dried’® 5.6 0.5 24 0.3
Glue water from raixed -

Balaena whale meat,

spray-dried® . 87.5 7.2 2.3 2.0 e 04
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CHAPTER XI
LEAVES AND GRASSES

“THE proteins of green plants are concentrated by passage into seeds
{cercals and legumes) or by transformation into milk or meat* and are
thus rendered available for human consumption. The amount of
protein (Ibsfacre/annum) that could be derived from land varies with
the crop; under grass it is 600, under beans, 370 and under wheat 269,
but only go if the land is used for milk production and 54 if the land is
used for meat production’. According to andther estimate?, the annual
yield of leaf protein from an acre of land is of the order of 1250Ib. It
has been reckoned that the conversion of herbage protein into palatable
protein concentrates for use as human food can be more efficiently
effected by chemical processing than through the ruminant®,

LUCERNE OR ALFALFA

In order of importance among edible leaves, lucerne or alfalfa
{Medicago sativa) comes first and has been the subject of several investi-
gations. Escudero and Landabure have ised results availabl
up to 1943 on the nutritive principles in lucerne®.

Protein content: Lucerne is a rich source of protein®, varying
in content from 16 per cent to 23 per cent on the dry weight basis®™ .
No consistent varietal or seasonal differences have been observed?,
but a definite decrease in protein content with maturity has been
reported™ .

Amino acid composition: Luceme proteins are generally
deficient in the sulphur-containing amino acids® ®%°, but are reported
to be richer in cystine than grass proteins®. The cystine and methionine
contents of proteins extracted from fresh lucerne are 1.5 per cent and
1.45 per cent, while those of the proteins extracted from sun-dried
lucerne are lower, being 1.03 per cent and .75 per cent respectively™.
Lucerne grown in culture solutions free from sulphur compounds
‘builds up proteins richer in arginine but poorer in the other essential
amino acids', Reports in the literature on the lysine content of lucerne
proteins vary widely® 33,

Nutritive value: Lucerne proteins possess a medium biological
valuel® 15, parable to ground proteins, but distinctly higher
than that of clover (Medicago lupulina) ins®,  Suppl i

i . P
with methionine at 0.2 per cent level ix{cr‘eases the nitrogen utilisation
by 30 per cent®. On dehydration, the nutritive value of Iucerne pro-
teins is reported to decrease in proportion to the temperature and time
of drying?.
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. Digestibility: Values reported in the literature for the digestibi-
lity of lucerne proteins vary widely™ *%8 There is evidence to
indicate that the human intestinal tract can efficiently utilise the protein
in lucerne preparations®.

Supplementary value: Subrahmanyan and Sur™®* found
that dried lucerne, even at low levels, possesses a phenomenal supple-
mentary value to the poor rice diet. The gross supplementary value
to poor rice diet of aqueous lucerne extract, dried at a low temperature,
has been demonstrated®. Lucerne proteins supplement the proteins
of rice® and of whole yellow corn?®,

Pr ing and utilisation: The use of lucerne as human food
has been much advocated™ ¥ 2% Arabs, it is reported®, resort
to consumption of lucerne during conditions of famine. Its bitter
taste and strong odour® ¥ * % are the major impediments to the use
of lucerne as human food. Suggestions for overcoming these defects
include extraction of the bitter principles with hot water as well as the
cultivation of varieties of lucerne free from the undesirable characteris~
tics!.  Specific recipes have been formulated to help ingesting at least
50 grams of tender lucerne with the daily dietary®. It is reported that
lucerne can be consumed in the form of green salad®. A method has
been described for masking the bitter taste by cooking lucerne into a
spinach-like substance®®.

Lucerne flour is brilliant green in colour and has an average protein
content of 33 per cent®™. It possesses a faint, pleasant, coumarin-like
odour, reminiscent of new-mown hay®. On boiling the flour in water
for a minute, the original odour is reported to give place to a legume-
like aroma, suggestive of green peas®. The cost of production of
Jucemne flour is estimated to be £ 30 per ton™.

A method has been standardised for the preparation and tableting
of fibre-free lucerne concentrate?, Recipes for the incorporation of
fresh lucerne®, lucerne flour®, as also lucerne concentrate® in soups

have been suggested.

OTHER LEavVES

The leaves of a wide range of plants other than lucerne have been
reported to form part of the dietary of native populations in Mexico®
and in East® and South® Africa. Tapioca leaves are consumed
extensively in Java®. Tender leaves are generally preferred in view

- of their low fibre content, but in the case of turnip greens (Brassica
rapa) palatibility is not related to the stage of growth™.

Protein content: The protein content of leaves has been reported
to vary widely with species, from 1o per cent instrawberry leaves
(Fragaria vesca) to 39 per cent in bryony leayes {Bryonia dwfm) on
the dry weight basis®. A considerable proportion of the total nitrogen
of leaves is non-protein™®. Vegetable matter arising as wastes or
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temporary surpluses (in the United States) has been found by analysis
to be low in crude fibre and high in protein; the protein content ranges
from 13 per cent (lima bean vines) to 43 per cent (broccoli)®®. Water-
hyacinth (Eichornia crassipus) has a faicly high protein content®.
Among eight kinds of leaves commonly consumed in South India,
Mukarattai (Boerhavia repens), Kuppameni (Acalyapha indica) and
Nerringi (Tribulus terrestris) have been reported to containlargeamounts
of protein, of the arder of 35 per cent to 39 per cent on the dry weight
basis™. Tapioca leaves contain as much as 8 to 1o per cent protein even
on the fresh weight basis® ®; the leaves from certain varieties are,
how y iated with cy ic glucosides which require to be
eliminated through proper processing™. Groundnut leaves also possess
a high protein content™.  Flour from dried lime leaves (Citrus auranti-
folia), reported to be used as human food in admixture with barley
flour, contains 17 per cent protein, 18 per cent of which is digested by
trypsin®®,

In general, the protein content of leaves decreases with maturity™,
The proportion of protein that could be extracted from different leaves™
4L & aq also the percentage yields of dry protein®, have been
investigated. On an average, 75 per cent of the total nitrogen is report-
ed to be extractable from leaves™; this value varies widely from 23 per
cent in the case of tapioca leaf® to 94 per cent in the case of tobacco
leaf* %2, The percentage nitrogen extracted varies directly with the
total nitrogen content of the feaves™ and more particularly with the
true protein nitrogen’; on the other hand, it varies inversely as the dry
matter content™.

Amino acid composition: The amino acid composition of the
proteins extracted from the leaves of 2 number of Indian trees has
been reported®, According to the earlier work of Chibnall¥, Tristram*®
and Lugg and Welle:™ %3, there is not much species or seasonal varia-
tion in the amino acid composition of leaf proteins. Also, according
to Kelley and Baum, the proteins in different species of leaves contain
similar amounts of the essential amino acids. But, recent work by
Armstrong! peints to the possibility of a wider variation in the amino
acid position of herbage proteins than is normally supposed.
The proteins of leaves are, in general, well balanced with respect to the
essential amino acids™ %, including lysine® % and the sulphur
amino acids”. 'The amino acid composition does not change materially
during the process of extraction of the protein from the whole leaves?.
The onset of senescence brings about an increase in the cystine and
tyrosine contents and a decrease in the methionine content of the
whole protein in the leaf material®,

Nutritive value: The proteins of spinach leaves are reported
t0 be_ digested at a significantly slower rate than is casein®®. The
proteins of rami leaf meal (Boekmeria nivea) have a high nutritive value®,
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but not clover proteins®®, "Among the leaves of legumes, those of
soya beéan in the full-pod stage are reported to contain proteins of high

bioclogical value®™, .

Processing: Processing of whole leaves into edible Hour for
human consumption has been reported only in thé cases of tapioca®,
oats®™ and lime!* (Citrus aurantifolia). Leaves and grasses, though
generally rich in proteins, also contain too much of fibrous and other
indigestible matter to be of direct use as human food®. - The separation
of the edible from the inedible portion has long been a major problem
in this line®®. A few attempts have been made to process herbage
on a small scale with a view to using the proteins as animal feed or
human food in different forms™ 558, Though the potentia-
lities in this direction are considerable, the possibility of herbage as
such finding a major place in the human’ dietary still remains to be
explored by careful experimentation®.

Twoindependent lines of approach to the problem would be, firstly,
‘the extraction of protein from leaf wastes and secondly, a more beneficial
use of Jeaves that are now being grown mainly for animal feeding™.
It is estimated that in the United States alone, some two million
tons of leaf wastes, containing 50,000 tons of protein, arise every year
from the commercial farming of vegetable crops®®, A process, with cost
-estimates, has been described for the production of protein concentrates
from these wastes using a type of direct-fired rotary drier®, but in so
far as the extraction of protein itself is concerned, comparatively little
attention has been paid to these vegetable wastes®,

The necessity of having to extract protein from herbage arises
from the fact that the animal is an uneconomical converter of leaf
nitrogen into its body protein, however suitable the latter type may be
for human consumption? %; the efficiency of conversion can be as low
as 1o per cent and never exceeds 4o per cent®™, Much more protein

would become available if palatable protein rates could be made
directly from herbagel. The processing should aim at skimming off
patt of the protein of the leaf in a form suitable for consumption by
human beings, while leaving the remainder in the residue which can be
used as feeding stuff for ruminants®. -

Pioneering work in this field has mostly come from Pirie and

iates® 535 5 at Roth d and from the L.C.I. group led by
Slade¥ &%,  Pirie regards p ing herbage proteins for direct
human consumption to be essentially a bio-engineering problem™.
According to his procedure® % %, ‘soluble proteins equivalent to
30to 35 per cent of the original nitrogen in the leaf are extracted, leaving
the rest therin for the use of farm animals, This is achieved by macera-
ting the fresh leaves, filtering off the protein-rich liquor from the leaf
residue and separating the protein by one of the many Cflmimgnly

_available treatments such as heat cosgulation or acidification™ 58,
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Solvent extraction of the protein removes the pigments and lipids and
gives a pale, stable powder®.  Pirie® considers leaves of the sugarcane
(Saccharum officinarum) and of the sisal (dgate sisalina), so abundantly
available in troplcal and subtropical countries, to be pre-eminently
suited to processing for protcins. Cabbage leaves?, corn leaves™,
lucerne®® and grass™ ® arc also cxcellent raw materials for protein
extraction, According to Pirie, extracted leaf protein should cost fess
than other proteins being produced in Great Britain®. He claims for
this method of husbandry several advantages, like larger yields of
protein of higher biological value than are attainable from an acre of land
by any other means and a residue of relatively constant composition and
of considerably greater feeding value than the hay which otherwise is
the normal end product®, Laboratory experience with the processing
of 2 wide range of leaves shows that most of them behave in a very similar
manner and difficulties are seldom encountered in protein extraction
unless the leaves are withered or naturally have a low water content™.

As early as 1939, Slade and associates obtained a patent for prepar-
mg from herbage material protein concentrates containing small quantl-
ties of carbohydrate®. Later they effected certain improvements in
the process by way of treatment of the product with an aqueous solution
of a weak alkali such as sodium carbonate, in order to reduce, if not re-
move the unpleasant-tasting ingredients®, A modification worked
out by the same group is to treat d foliage at a temperature of
40-60°C with a proteolytic enzyme activated by sodium sulphide,
thereby obtaining a clear protein hydrolysate®.

Protein production from leaves has been investigated by a number
of other workers too. In India, the first attempts to obtain proteins
from leaves in a form suitable for human ption were made by
Guha® and associates at the time of the Bengal famine in 1943. These
different investigations contain several practical hints which would be of
value to future workers in the field. A preliminary grinding in a
mincer, followed by grinding in a triple roller mill, has been recommend-

ed*>. The effects of freezing, alkalinity of the ing fluid, buffers,
salt solutions and d on the ion process are detailed and
the conditi i for protein production have been standardis-

ed in the case of tobacco leaf®. This work has later been extended
to twenty-cight species of leaves®. An elegant method for the re-
moval of chlorophyll from leaf extracts has been described®, Release
of protoplasts after a two-day fermentation of the cell walls is considered
tobe a desirable first step in the extraction of protem from leaves,because
it is said to bring about two- to seven-fold increase in the protein
concentration over that of the original material®®. An American
patent subjects the hot water extract of leaves and stems to microbial
action, followed by a number of processes of filtration and sedimenta-
tion in order to obtain a protein-rich material®s,
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GRasses

Protein content: The crude protein content of ten species of
Indian grasses has been reported to vary from 6.9 per cent (spear-grass
Hetergpogon contortus) to 9.0 per cent (barki: Themeda tremula); on an
average, 9o per cent of the total crude protein is true protein®, Dhurba
grass (Graminae) contains 15.6 per cent protein®. The average
crude protein content of winter barley grass, oats grass, wheat grass
and annual rye grass (Lolium perenne), periodically clipped whenever
grazing height is reached, is of the order of 20 per cent; nearly a third
of the total nitrogen is accounted for by non-protein constituents®”,

Differences in the protein content of grass due to species are small
compared with differences due to stages in growth®. That protein
content decreases with maturity, has been shown clearly in the case of
Italian rye grass®™ (Lolium italicum), jowar grass® and other grasses of
Indian origin®. The protein content of tufted hair grass (Deschampsia
cagspitosa) is 8.5 per cent after the appearance of the panicle and drops
0 5.9 per cent at the beginning of the blooming period and to 5.3 per
cent thereafter; harvesting before blooming is thus indicated for being
used as fodder™, Prairie hays, cut eatly, have 30 per cent to 50 per cent
more protein than late cut hays and yield on an average 400 Ib more dry
matter and 50 Ib. more protein per acre™. Further it has been observed
that the protein content of grasses is maximum at or near the
start of the growing season and diminishes progressively as they
mature; it decreases from an average of 20.2 per cent in April to 5.5
per cent in November™.

‘The proportion of protein that could be extracted from different
grasses”® and the percentage yields of dry protein®™ ™ have been
investigated.

Amino acid composition: The amino acid composition of grass
proteins has been reviewed”. Inview of their high lysine content ™%,
the proteins of grass should prove a valuable supplement to cereal
proteins; the high valine content™ ™ ™ should, in addition, prove
useful in correcting this deficiency in diets based predominantly on
wheat. The proteins of certain grasses like timothy (Phleum pratense)
are also rich in tryptophan®

Reber and MacVicar™ ™ did not observe any marked variations
in the amino acid composition of different cereal grasses. The basic
- amino acid content of grass proteins™, as well as the sulphur amino acid
content™, varies little with the species. On the contrary, Smith and
Agiza™ have drawn attention to a number of consistent differences in
amino acid make-up between species sampled on the same date or
approsimately of the same age. L. I

Grass proteins are reported to be deficient in cystine
extent than lucerne proteins® According to Armstrong™,
the low values reported for cystine in grass proteins can
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actually be due to faulty methods of hydrolysis. Grass proteins are
also deficient in methioninel® 7 ™ %,

Factors like season of cutting and stage of maturity have been im-
plicated in the relative make-up of amino acids in grass proteins™ ™ &,
In general, the first growth contains more arginine, leucine and iso-
leucine but less glutamic acid than the second growth™. Isoleucine
increases considerably with maturity (20 per cent to 30 per cent) and
tryptophan remains more or less stationary, while lysine and threonine
decrease markedly (5o per cent) and the other essential amino acids
decrease at a slower rate™,  Aspartic and glutamic acids increase, while
arginine and lysine decrease as growth approaches seed formation™.
According to another report®, samples of grass that have passed the
flowering stage are relatively richer in the sulphur amino acids. Appli-
cation of nitrogenous fertilizers increases the propertion of 2 number
of essential amino acids™.

Nutritive value: Grass proteins have been reported to possess,
in general, a higher nutritive value than the proteins of leguminous
leaves™. Using the guinea pig growth-method, Thomas and Arm-
strong® have shown that (i) the protein in grass from temporary ley
maintains its quality irrespective of season and is, at all times, superior
to the proteins in permanent grass: and that () the proteins in cocksfoot
grass (Dactylis glomerata) are superior to those in Italian rye grass as
judged by weight gain per unit protein ingested, but inferior as judged
by weight gain per unit protein digested. By a similar experimental
technique, Elephant grass (Pennisetum purpureum) and Guatemala grass
(Tripascum latifolium) have been shown to be superior in nutritive value
to Cana Uba grass™ (Saccharum officinarum).

Using the classical nitrogen-balance method and albino rats as the
experimental animal, Davis et al.** have shown that, while the biological
value of the proteins from young grass of different species is nearly the
same, the biological value as also the digestibility decreases with
increasing maturity. ‘They further report that of the whole grass
proteins, the cytoplasmic fraction has a biological value of 60.7 per cent
and a digestibility of 74.8 per cent, while the chloroplastic fraction hasa
biclogical value of only 46.0 per cent and a digestibility of 61.z per cent®.
That the digestibility of grass proteins d with ity has also
been shown by a number of other workers®™ .

It has been reported that there is little difference between the pro-
tein quality of fresh and artificially dried grass®. ‘The temperature
of drying has no effect on the nutritive value of grass proteins, but

artificially dried grass is definitely superior in protein quality to sun-
cured hay®®. 'The presence in grass of a factor (‘grass juice factor’)
essential for maintenance and growth in guinea pigs has been reported®,
Young grass tissues are much richer in this factor than the older and
more mature material®?,
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Processing: Grass juice has been successfully spray-dried®,
A product suitable for poultry feeding obtained by mechanically com-
muniting fresh grass has been described; it has a pasty consistency and
is claimed to contain all the proteins present in the protoplast®. As
in the case of the proteins of green leaves, grass proteins also need to be
freed from fibre in the first instance, before being considered for human
consumption. There is a stray reference in the literature to the con-
sumption of grass as such by human beings in Japanese prisons®.

Successful experiments on the extraction of proteins from grass
on a laboratory scale have been described by Chibnall ef al® and
on a large scale, by Slade” ¥ and associates and Hughes and Eyles™.
The production of protein concentrates from air-dried clippings of young
grass has been investigated by Sullivan™ 2.  The protein is extracted
by alkali, precipitated by adjusting the pH of the clear extract to 3.6,
filtered, washed and dried. The yield of dried protein is about 13
per cent on the weight of the original material. On extraction with
rectified spirit, most of the adhering chlorophyll is removed and a dark,
tasteless powder results with an enhanced protein content of 72 per cent,
but corresponding in yield to only about 10 per cent of the weight of the
original material™' %, Fibre-free grass protein concentrate has been
shown to be as good a supplement to poultry rations as fish meal®,
but its value in human nutrition still remains to be assessed.
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TABLE XXII

NUTRITIVE VALUE OF LEAF AND GRASS PROTEINS

SOURCE

Protein

content:

Nx6.25
o

/o

Level of

feeding
%

Nutritive Value

Biological
value

%

C T

of true di~

gestibility
%

Protein
efficiency
ratio

Lucerne (alfalfa)

Lucemne (Medicago
sativa)

Lucerne, ‘advanced leafy
stag .

Lucerne meal!t

Lucerne haytt

Other leaves
Leguminous plant leaves™

Trefoil, early flowering
stage (Medicago
lupulinay®

Grasses

Cocksfoot grass protein,
chioroplastic fraction
{Dactylis glomerata)® ...

‘Cocksfoot grass protein,
cytoplasmic fraction®

Mixed forage

Wild white clover and
perennial rye grass
(Trifolium repens and
Lolium perenne), sun
dried under natural con-
ditions (hay)*

Wild white elover and
perennial rye grass, arti-
ficially dried at low
temp. (170°F)%

‘Wild white clover and
perennial rye grass, arti-
ﬁcnlly dried at the

running temp.
(300°F s

206

416
714

251

231

32.0-63.0

45.1

460
607

67-2

94.5-96.1

758

61-2
748

65-2

65.7
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Processing: Grass juice has been successfully spray-dried®,
A product suitable for poultry feeding obtained by mechanically com-
muniting fresh grass has been described; it has a pasty consistency and
is claimed to contain all the proteins present in the protoplast®.  As
in the case of the proteins of green leaves, grass proteins also necd to be
freed from fibre in the first instance, before being considered for human
consumption, There is a stray reference in the literature to the con-
sumption of grass as such by human beings in Japanese prisons®,

Successful experiments on the extraction of proteins from grass
on a laboratory scale have been described by Chibnall ef al® and
on a large scale, by Slade! #* and associates and Hughes and Eyles™,
The productionof protein concentrates from air-dried clippings of young
grass has been investigated by Sullivan™ *2.  The protein is extracted
by alkali, precipitated by adjusting the pI of the clear extract to 3.6,
filtered, washed and dried. The yield of dried protein is about 13
per cent on the weight of the original material. On extraction with
rectified spirit, most of the adhering chlorophyll is removed and a dark,
tasteless powder results with an enhanced protein content of 72 per cent,
but corresponding in yield to only about 16 per cent of the weight of the
original material™* %" Fibre-frec grass protein concentrate has been
shown to be as good a supplement to poultry rations as fish meal®,
but its value in human nutrition still remains to be assessed.
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TABLE XXIII, AMINO ACID COMPOSITION

SOURCE

AMINO

Protein
content
9

4

Arginine {Histidine
% %

Lysine
%

Tyrosine
%

Trypto~
phan

%

Lucerne (alfalfa)

Lucerne (Medicago sativa)®

Lucerne®

Lucerne (composite samp[e
from 100 clones of dif-
ferent genetic
backgrounds)® e

Lucerne, preflowering!® ...

Lucerne, normal third cut-
ting (rece:vmg nutrient
solution containing
sulphate)'®

Lucerne, normal third cut-
ting (receiving the same
nutrient solution without
sulphate)}'*

Lucerne, protein,
extracted® 13

Lucerne, protein,
extracteds®

Lucerne, protein,
extracted®? e

Lucerne, protem,
extracted’ -

Lucerne, protein, extracted
(average of 2 samples)? ...

Lucerne, (fresh) protein,
extracted!

Lucerne, (sun dried)
protein, extractedt

Lucerne protein (whole pro-
tein less N.P.N. fraction)®

Other leaves

Aparsjita leaf protein
(Clitoria ternatea)>

Beet leaf pl‘omplzst (Beta
vulgaris)*® .

Beet leaf mealt® .

Beet spinach protein,
extracted (Beta cicla)t ...

Broccoli leaf (fat-free)
protoplast (Brassica
oleracea)

Broccoli leaf mealt

Broccoli leaf protein‘® .

Burr medic protein extract-
ed (Medicago
denticulata)®

Burr medic protein
{whole proteinless N.P.N.
fraction)®

18.1

19.6

17.8

18.8
884
90.0
87.5
79-4-93.8
94.4

424

bl
Sl

35
53
55
70

75

1.3-1.5

=
o

2.0

1.3
22
1.4

s
33

pa
28

50

28

5.3

58

1.8-19

5.7

P
e

24

5.0

5.1

PN

Hin

2.3

22

® (C: Chemical; CC: Chromatographic;

230



of Leaf and Gras Proteim

ACtDS Method
of
Phenyls | cou Methio- bryreoninel Leucine | Isoleuc Vali Estima-
lll;\me y:/imc ng}re f,:m"‘ ':ch 5/:“‘": no;ne tion
3 o
8.4 e 1.8 61 10.7 6.3 7.2 M
6.5 17 44 7.1 4.5 55 M
77 ses 34 5.0 10-6 55 7.0 M
- . . e v o4
45 - 2.2 34 68 39 4.8 M
50 1.5 1.9 43 70 cc
e 0.4 0.8 e o M
1.6 22 . .- c
v 1.5 2.2 . C
. 19 1.8 v C
- 20 1.0 c
04 1.0 M
56 . 82 cC
53 . v 82 cC
43 . s 72 cc
0.2 c
R . c
4.1.5.8 4.9-6.4 - 1-84 cc
o 1.5 21 o4
1.8 24 <
0.3 o4
28 33 6 3.6 48 M
6.3 1.4 21 43 . o 7.0 cc
6.0 1.7 1.7 4.6 . 6.7 cc
4.4 09 3.5 6.5 34 4.6 M
49 13 20 43 7.0 cc
74 . 12 46 80 47 56 M




‘TaeLe XXI1I1.  Amino Acid Composition

. AMING
SOURCE Protein
content . .
o, |Arginine Histidine| Lysine |Tyrosine Trgp“"
% % % % P
%
Carrot leaf protoplast
{Daucs carota)s 27.6 69 290 5.5 22
Catrot leaf mealt® 196 4.3 19 4.5 14
Carrot leaf proteint® 57 21 5.4 . .
Castor leaf protein, extract-
ed (Ricinus communis)® ... 784 6.4 1.3 5.4 e
Celery leat meal (Apium
graviolensy's 23.2 4.0 15 24 13
Chantkata leaf protein
(Cassia sp.)it | 458 57 2.1 5.2 52 20
Chicory leaves, preflowering
(Cichorium intybusy® ... | 109 . 15 32 25 15
Clover, mavure (Trifolium
subterraneum)® ] 448 er o .. 52 2.0
Clover (mature) protein,
extracted? 881 55 1.9
Clover, senescent®® 198 5.8 22
Clover (senescent) protein
extracted*® 822 67 48 58 24
Clover (Alsike) leaves, pre-
flowering (Trifolium
hybridum 203 2.0 39 2.5 18
Clover, Red, leafy
(Trifolium pratense)™ . 25 . 33 - .-
Clover,
early-flowering™ 23 25 .-
Clover, Red, late-flowering™ 2.0 s 21 . -
Clover, Red, protein,
extracted® 788 s v .
Clover, Red, protein,
extrac}t{ed‘s 80.9 74 14 54 v
Clover, Red, protein, 65.0-
extracted? 1000 | 2028 | .. | 2435 | 44.7.0 | 1345
Clover, white (young),
rotein, extracted
(Trifolsiim repens)®® 773 -
Clover, White, {01d),
protein, extracted® 731 - P
Clover, White wild,
protein, extracted
(Trifolium repens)l® 82.5 - .
Clover, White, wild,
protein, extracted®® 83.1 7.7 09 55 san
Corn lezf meal (Zea mays)™* 19.4 3.9 1.3 32 13
Cornleaf protein, extracted!® 87.2 7.2 12 51 o
Gandal leaf protein
(Paederia {“;;Ma)u X 44.6 4.9 21 38 51 19
oundnut e otein
ks hypegeoys 41 59 22 52 57 | 24
e leaf meal (Brassica
K rea)s ratoroen” | 27 51 1.6 31 11
;shnachura leaf protein
R mapucherinay | 610 | 58 [ 22 | s2 | s7 | 18
ima bean leaf protoplast X y . 1.7
L eolus famatus}e e | 484 5y 18 38
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of Leaf and Grass Proteint

Acips Method
henyl of
[:l:,:"{m' Threonine| Leucine [fsoleucine| Valine | Estima-
% % % % % tion
79 4.0 6.6 36 50 M
70 47 9.1 52 59 M
60 e 10 44 7.8 4.4 5.7 M
67 e 1.8 4.5 8.7 5.1 6.1 M
- 0.6 13 o e o M
48 1.5 2.0 . . 6.9 cC
6.1 . 1.0 4.0 84 4.0 5.3 M
69 o 21 4.6 9.8 50 66 M
58 e 1.6 4.2 7.2 47 60 M
. 04 1.0 M
55 15 20 49 P 7.0 cC
47 o 23 39 68 36 50 M
58 o 138 4.6 82 4.2 60 M
. e e " v . C
53 ™ 22 4.0 6-8 39 48 M
.o 06 14 . e . M
34 - - 59 cCc
3.6 . . 6.6 cC
32 o . 6.7 cc
. 1.8 24 . .. C
. 1.8 23 e o -
o | 02 . " c
24.30 e | 3337 . 8288 cc
. 04 16 - M
03 . o - . e c
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Tavtg XXII1,  Amino Acid Composition

SOURCE

AMINO

Protein
content

-

Lysine |Tyrosine
% %

Trypto-
phan
%

Lima bean leaf meal'®
Lima bean leaf protein®t ,,,

Pea leaf meal (Pisum
sativum)'®

Pea vine protein'?

Plantin Jeaves, narrow-
leaved, eatly flowering
(Plantago lanceolatay® ...

Radhachura leaf protein
(Poinciana regia)it
Rhubarb leaf meal
(Rheum raphonticum)t®
Rhubarb leaf protein® ...
Rutabaga leaf protein
(Brassica napobrassica)s...

Sainfoin leaves, early-
flowering (Ormbr) chis
sattva)'®

Sonali leaf protein (Pelllh
phorum ferrugineum)it

Spinach leaf meal
(Spinacia oleracea)yt ...

‘Spinach leaf protein®® ...

Spinach leaf protein,
extracted!® v

“Turnip leaf meal (Brassica
)it

Yarrow leaves, early
flowering (Achillea
millefolium)®

Grasses

‘Barley grass, early
flowering (Hordeum
vulgare)™

Barley grass, ﬁowermg"‘

Barley grass, seeding™

Barley grass protein,
extracted® 13

Barley grass protein (whole
crude protein less N.P.
fraction)®

Bent grass protein,

estracted (Agrostis sp.)* ...

Bracken protein, extracted
(Preris agquilina)™® .

Cocksfoot grass,
preflowering (Dactylis
glomerata)®

Cocksfeat grass protein,
extracted®

59.2
261

20.9
54.7
25.7

96.3

23.9

81

88-1

192
644
65.0-86.3

13.5
819

Hopes
= ol

e
=13

1.6
1.8

21

36
5.2

fown
b Sao

2.2-2:3

45

33

4.9

3.3-41

4.0

14
290
11

24




of Leaf and Grass Proteins

Acips Method
of
Pheayl- | croine M"h'a' Threonmew Leucine {Isoleucine| Valine | Estima-
ah'x;me o % % % tion
o
7.0 1.2 4.0 6.6 3.6 5.0 M
7.0 e 22 7 91 5.2 59 M
6.0 o 10 4.4 73 4.4 52 M
67 1.8 4.5 87 51 6.1 M
. 0.6 13 . .. e . M
4.8 1.5 2.0 4.3 e 6.9 cc
61 1.0 4.0 8.4 4.0 53 M
69 21 4.6 9.8 5.0 6.6 M
58 6 4.2 72 4.7 60 M
. 0.4 1.0 . . M
15 2.0 49 . 7.0 cC
4.7 2.3 3.9 6.8 3.6 50 M
5.8 1.8 4.6 82 42 6.0 M
. - . . o c
5.3 22 4.0 6.8 3.9 4.8 M
Py 06 14 v . . v M
34 59 cc
36 6.6 cC
32 67 cC
18 24 . g c
1.8 23 o e . c
02 v . c
24.3.0 3.3-37 o - 8-2-8.8 cc
. 04 16 . . . | M
. 0.3 . - . . c




‘TasLe XXIIL,  Amino Acid Composition
AMINO
SOURCE Protein |*" T
content | Arginine | Histidine| Lysine |Tyrosine| *1yPto~
% % | % | % | % | Pham
%
Cocksfoot grass protein,
extracted!s - 84.7 74 14 51 . e
Cocksfoot grass protein,
extracted!? m 83.3 - . .- -
Cocksfoot grzss protein, B
extracted® 83.8 e e
Cocksfoot grass (young)
protein, extracted®® 794 . . ..
Cocksfoot grass (young
spring) protein,
extracted™ 90.6 7-3 15 4.8 - .-
Cocksfoot grass (young
autumn) protein,
extracted™ 83.8 81 14 51 ..
Cocksfoot grass (old)
protein, extracted® o 65.0 . . P
Cocksfoot grass (old autumn)
protein, extracted? e 494 7-6 1.3 6-3 . v.r
Crested dogs’ tail grass,
early flowering (Cynosurus
eristatus)® 8.0 N 16 4.3 27 18
Crested dogs’ tail grass
protein, extracted® m 931 P s -
Crested dogs’ tail grass
protein, extracted® ... | 894 7.5 1.5 48
Draw moss grass, flowering
(Eroiphortm  vaginatum) 12.4 - i 38 27 1.5
Fescue, Chewings, protein,
extracted (Festuca rubra)® 87.5 [
Fescue, Chewings, protem,
extracted! | 909 72 1.2 4.6
Fescue, Hard, protein,
extracted (Festuca
duriuscula) 91.3 -
Fescue, Meadow, prutcm,
extracted (Festuca
pratensis)® - 86.9 -
Fescue, Meadow (young
spring), pmtem,
extracted™ we | 95.9 69 1.5 6.5 o
Fescue, Meadow (young
autumn), protein,
extracted™ 913 7.3 15 64
Fescue, Meadow (old
autumn), protein,
extracted™ .| 500 71 1.2 5.8 - .
Fescue, Red, e:
flowering, (Fe.mtcn rubra)®® 6-4 . .- 2.5 34 1.2
Fescue, Red, protein,
extractedl ] 888
Fescue, Tall, protein,
extracted (Fguum elatior)s 85.0 .
Meadowi1 grass, mugh-
alket roteis . e
i‘x!mcteg (Poa trivialis® 86-3 “
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of Leaf and Grass Proteins

Acrps Me:?od
o
Phenyl- . | Methio- ! . ) N I
i Cy:/tme ine. 'I'hreozmne Lc\:/:me Isoleezcme Va%:ne stim
A A %
P . v " e Cc
- 20 25 e . C
. 0.1 1.7 . . - C
pon 1.8 27 s C
- P e . ane cc
- - cc
. 290 24 e - - C
cC
- 05 21 .- - M
o 0.8 . . s C
- 0.3 1.6 e N
0.9 -
- - e . C
|
. 09 | c
- 0.8 P ‘ s [
I
pos P cC
!
- - o : ce
- - ! cc
0.6 1.3 M
- 09 - | .. c
P 0.7 4‘ c
|
. 03 T c




TasLe XXIII,

Amino Acid Composition

SOURCE

Protein
content
o

AMINO

Arginine
%

Histidine|
%
b

Lysine
%

Tyrosine
%

Trypto~
phan
o

%

Meadow grass, rough-
stalked, protein,
extracted*s

Molinia grass, flowering
{Molinia coerulea® o

Oats grass, small stems
(Avena sterilis)"
Oats grass, flowering™ ...
Oats grass, seeding® ...
Qld man salt-bush protein,
extracted (Atriplex
nummularium) .

cerealle)™ .
Rye grass, Italian,
preflowering (Lolium
italicum)
Rye grass, ltalian, leafy™ ...
Rye grass, Italian,
flowering™ "
Rye grass, Ttalian, seeding™
Rye grass, Italian, protein,
extracted®
Rye grass, Italian, protein,
extracted®
Rye grass, Italian, protein,
extracted”™
Rye grass, Perennial, early-
‘Aowering (Lolium
perenne}®
Rye grass, Perennial,
‘protein, extracted?
Rye grass, Perennial,
‘protein, extracted!s
Rye grass, Perennial (young),
protein, extracted® ..,
Rye grass, Perennial (young
spring), protein,
extracted™
Rye grass, Perennial {youn;
autumn), protein,
extracted™® s
Rye grass, Perennial (old),
‘protein, extracted®
Rye grass, Perennial (old
autumn), protein,
extracted™

Rye grass, annual (Secale

Stool-bent grass, flowering
(Funcus squarroms)® ...

jmothy grass,
Tpre-ﬁz’wexing {Phleum
Pratense)® .
Timothy grass protein,
extracted?

866
145

756

26.3

91.9
45.6

713

10.6

88
86-3

7.9

R
o

6.7
1.5-2.1

7.0

72

77

7.8

1.3

21

5.6

B e
PROeA

4.9
1.8-28

34

5.0

5.9

62

40

4.2

33

3.545-6

4.2

3.5

23

238



of Leaf and Grass Proteins

AciDS Method
Phengl B of
enyl- : s : ali estima-
o m: ne Cy;zme Lel:/::me ‘lsolzzcme Vi %:ne o
s e . o4
e 0.6 1.9 . M
5.5 e . . 9.0 cc
51 . o . 71 cC
40 i . o ™ 59 cc
. 20 2:6 o o4
43 11 78 88 62 5.0 -
04 1.7 M
47 83 cC
4.7 . P 79 CcC
4.3 . e 7.5 cc
- 0.7 C
. . - C
3.8-4.9 3.8-5.2 6-4-8-6 cC
0.8 14 M
0.5 Cc
o .- (o4
14 22 - C
- [olog
- w h cc
1.6 2.6 .. - C
cC
05 1.6 - AL
0.5 1.7 o - . - M
03 - - c
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Tavre XXUIL. Amino Acid Composition

» AMINO |
SOURCE 'Totein
sontent | Acginine | Histidinel Lysine [Tyrosine Trypto-
d % % % % P{}an
o
Meadow grass, rough- -
statked, protein,
extracteds 86.6 7.9 1.3 4.6
Molinia grass, flowering - -
(Malinia coerulea}® v 14.5 oo 4.0 4.2 13
Oats grass, small stems
{Avena sterilisy® 1.5 1.9
Oats grass, flowering®™ 12 1.4
Qats grass, seeding™ o 11 1.2 .
0ld man salt-bush protein, *
extracted (Atriplex
nummutlarium)V? 736 .
Rye grass, annual (szk
cerealle)® 263 " - 5.6 - 10
Rye grass, Italian,
preﬂo\vermg {Lolium
italicum)® . 128 . 39 33 16
Rye grass, ltalian, leafy® ... 24 2.6 .
Rye grass, Italmn,
fowering™ 2.0 - 2.4 .
Rye grass, Italian, seedmg" . 1.5 vee 1.8 - oS
Rye grass, Italian, pmtem,
extracte 87.5 o wn .. s
Rye grass, ‘hahan, pmtem,
extracted*? 83.1 6.7 14 49 v e
Rye grass, Italian, pmtem,
extracted™ ... |60.6-93.8] 1.5-2.1 1.8-2.8 | 3.5:5-6 | 08-1.4
Rye grass, Perennial, early-
ﬂowenng (Lolium
perenne)l® 7.0 o 34 4.2 1.8
Rye grass, Perennial,
protein, extracted® el 794
Rye grass, Perennial,
protein, extracted!® 83.6 7.0 14 5.0 - e
Rye grass, Perennial (young),
‘protein, extracted® ... | 625
Rye grass, Perennial (young
spring), protein,
extracted™ 93.5 7.2 1.7 59 .
Rye grass, Perennial (young
autumn), protein,
extracted™ 91.9 77 1.5 5.8 o e
Rye grass, Perennial (old),
protein, extracted® 45.6
Rye grass, Pnenmal (okl
autumn), protein,
extracted™ n3 78 1.5 6.2 .
Stool-bent grass, ﬂawermg
(Funcus Saarrons)® 10.6 40 1.5 1.7
Timothy grass,
- ring (Phleum
pre-flovieting € L 21 42 | 23 | 21
“Timothy grass protein, .
extracted® e |s 863 P
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of Leaf and Grass Proteins

ACIDS

Method
Phenyl Methi o
enyl- bl ethio~ 2 : 1) H estima-
Phenyls c,:;.ne fethio- Im o Lnl.,x/cme ", Valine | estim:
% A o A A A A
- 12 18 w ~ . c
. o o vee . 1 P e cc
R . cc
. 17 26 . o c
- cc
|
e 19 27 [ B c
22 25 . k . c
18 2.5 c
0s . c
-
56 20 2.5 54 100 5.0 5.0 MM
41 .. 1.2 7.5 85 57 5.3 .-
48 . 16 48 67 58 59 -
3.2.5.5 . . 4163 “ . 5.8.9.0 cc
3.84.5 " . 3541 w | 8095 cc




‘TasLe XXIII,

Amino Acid Composition
AMINO
Protein
SOURCE "
content | Arginine | Histidine! Lysine [Tyrosine| T 0%
A A A S I
“Timothy grass (young)
Pprotein, extracteds® 50.0
‘Timothy grass (young
spring) protein,
extracted™ aer 88.8 72 1.6 6-2 v
‘Timothy grass (young
autumn) protein,
extracted’® 90.0 6.6 13 5.6 -
‘Timothy grass (old) pm!em,
extracted®® 69.4 -
Tnmothy grass {old autumn
protein, extracted™ ... 831 6.5 1.7 53 .
“Toowamba Canary grass
protem, extracted
(Phalaris tuberosa) 13 93.1 6.8 22 5.5 4-8 24
“Toowamba Canary grass
protein, extracteds’ 96.1 . .
“Toowamba Canary grass
protein (whole crude pro-
temn less N.P.N. fraction)® 37.8 - 5.0 24
“Yorkshire fog protein,
extracted (Holcus lanatus) 738 . . .
Mixed forage
Leaves and grasses®™ v 7-0 2.0 5.5 5.0 2.2
Cereal grass™ 26.9 5.9 - 0.9
Cereal grass dlppmgs to
simulate grazing” - %g " 85 0.8
Cercal grass protein, -0-
:xtragted”p 100.0 1.0-2.0 .- 1.2-2.6 | 3.5.5.2 | 0.7-1.2
Cocksfoot and Timothy
grass protein, extracted” |55.6-85.0( 1.4.2.3 ’ o 1.8-2.7 { 3-1.4.4 | 0.8-2.3
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37
38

40

53-
54.
55.
56,
57-

58.
59-
6o.
61.
62.
63.
64.
65.
66.
67.
68,
69.
71.
72.
73-

7
5.

Saha, K. C., Sen, D, P. and Mukherjee, P, C., Ann. Biochem. and Exptl. Med.,
11, 203 (1951).
Theophilus, E. and Arulanantham, R., Indian J. med. Rer., 37, 20 (1949).

Munsell, H. E., Williams, L. O., Guild, L. P. Troescher, C. B., Nightingale, G,
and H:ms R. 8., Food Res, . 145 144 (1949).

Pal, P. R. and Guha, B. C., Science and Culture, 18, sg7 (1053).

Binet, L., C. R. Acad. Sci., 219, 230 (1944); cf. Nutr. Abstr. and Rev., 15, 745
1946).

Baniel:iee, B. N, and Guha, B, C. (Private Communication).

Crook, E. M., Biochem. §., 40, 197 (1946).

Chibnall, A. C., Miller, E. J., Hall, D, H. and Westall, R. G., Biochem. ¥., 27,
1879 (1933)-

Chibnall, A, C., Protein Metabolism in the Plant, Yale University Press, New
Haven (1939)-

Tristram, G. R., Biochem. }., 33, 1271 (1939).

Kelley, E. G. and Baumn, R. R., J. agr. Food Chem., 3, 680 (1953).

Lugg, J. W. H., Biochem. J., 32, 2114 (1938).

Lugg, J. W. H. and Weller, R. A., Biochem. ., 42, 412 (1948).

Horwitt, M. K., Cowgll, G. R. and Mendel, L. B., . Nutr., 12, 237 (1936).

dings of Princeton Confe on Human Protein Re-

N. S,
quirements, 150 (1955)

Axtmayer, J, H., Hemandez, G. R. and Cook, D.H., 7. agr., Univ. Puerto Rico,
22, 455 (1938); cf. Chem. Abstr., 33, 6980 (1939).

McCollum, E. V., Orent-Keiles, E. and Dey, H. G., The Newer Knowledge of
Nutrition, The Macmillan Company, Now York (2946).

Pirie, N. W., Food Manufacture, 22, 493 (1947).

Pyke, M., Ibid., 16, 156, 160 (1941).

Pirie, N. W., Ibid,, 17, 283 (1942).

Pirie, N. W., Nature, 149, 251 (1942).

Slade, R. E., Birkinshaw, J. H. and Imp. Chem. Industries, Ltd., Brit. 511,
515, Aug. 2t (1939); cf. Chem. Abstr., 34, $957 (1940).

Branscombe, D. J., Slade, R. E. and Imp. Chem. Industries, Ltd., Brit. 573,
721, Dec. 4 (1945); cf. Chem. Abstr., 43, 3946 (1949).

Slade, R. E., Branscombe, D. J., Gaunt, W. E. and Imp. Chem. Industries, Ltd.,

Brit. 577, 172, May 8 (1046); cf. Chem. Abstr., 42, 5586 (1948).

Guha, B. C. (Private Communication).

Anonymous, Nutrition Reviews, 1, 27 (1942).

Whﬂe, J. W., Weil, L., Naghski, J., Monica, E. S. D, and Williaman, J. J.,

d. Eng. Chem., 40, 293 (1948).
Aceto.N C., Edwards, P. W., Eskew, R. K., Redfield, C. S., Hurley, R. F. and
Hoersch, A., D

U.S. Dept.Agr. Bur., Agr. Ind. Chem., ACI-286; cf. Chem,
Abstr., 45, 3960 (1951).

Bose, P. K. and Bhattacharya, A., Ann. Biochem. and Exptl. Med., 5, 7 (1945).
Nagh:lu J., White, J. W, and Hoover, 5. R., US. 2,543,049 Feb. 27 (1951);
hem. Abstr., 45, 3994 (19571).
Nnth, N. and Das, N. B., Indian J. Vet. sci., and Animal Husb., 23, 185 (1953).
MeVicar, R., Plant Physiol., 24, 367 (1940); ¢f. Chem. Abstr., 43, 7595 (1949).
Watson, S. I, Brit. J. Nutr., 6, 94 (1952).
Lakke Gowda, H. S., Indian J. Dairy Sdi., 7, 19 (1954).
Nath, N. and Das, N. B., Indian J. Vet. Sci. and Animal Husb., 23, 43 (1953).
Sipila, L., Maatalousticteellinen Aikakauskirja, 11, 65 (1030); ¢f. Chem. Abstr,,
35, 3728 (1941).
Staples, G. E., Jordan, R. M., Gastler, G. F., Nelson, A. B. and Franzke, C.
7. Animal S .10,447 (1951); cf. Nutr. Abstr. and Rev., 21, 202 (1954). T
Bolin, D. W., Klosterman, E. W., Klostermann, H. J., Ford,
Hoag, D. G. and Buchanan, M, L., North Dakora Agr.
. 370 (1951); of. Nutr. Abstr, and Rev., 23, 522 (1953).
Sullivan, J. T, Food Industries, 16, 186 (1944).
Lefebvre, J. M., Ann. Agronom., 4,77 (1053).
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19
20
21.

22.

23.

24.
25.

27.
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28.

20.

30.
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32
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CHAPTER XII

ALGAE

Frest WATER ALGAE
THE use of fresh water algae as photosynthetic agents was first reported
by Harder and Witsch?, but to Spoehr and Milner™* we owe the con-

cept that these unicell organisms can be idered as a source
of food. Thxs concept is based on the fact that algae are capable of
buildi p high ations of organic matter from inorganic

compounds” ¢ Sun light being the preferred source of energy for this
synthesis® &, algal culture is pre-eminently suited to the tropical
regions of thc world’, especially those with a high percentage of clear
days®, The main advantage claimed for algal culture is the higher
yield of products of photosynthesis over that obtained with conventional
forms of agriculture™ *#1*  As such, the potentialities of algag as a
source of human food would be especially high in the over-populated
areas where the pressure on the land is great® ™™ and may well be
a means of averting famines which frequently recur in these areas®.
Waste Iand not suited to other purposes can be used for the culture of
algae®®, which does not, therefore, interfere with the raising of normal
agricultural crops®.

Of special importance is the discovery that among the very many
species of fresh water algae, the culture of one in particular viz,,
Chlorella pyrenoidosa, can be controlled so as to influence the composition
of the algae at the time of harvest® ¥%30:1316 By suitable variation
of some of the cultural conditi it has been possible to obtain 2 final
product with as high a protein content as 5o per cent or as high a fat
content as 75 per cent®3.  Chlorella may thus be regarded as an
efficient converter of light energy into chemical energy in the form of
products, the nature of which can be controlled at will to a considerable
extent!,

Cultural conditions: ‘These comprise physical conditions such
as UIC"S. kg 15'17 1 11 0f lll“mlnauoﬂ" 55 T 85 13, 15 10, 18, 19
and agxt:mon" as wcllas concentration of nutrients like carbon dioxides,
BB mineral salts"® %Y and fixed nitrogen in the medium*.
5015 38 Among these, temperature, agitation and concentration
of carbon dioxide and inorganic nutrients affect the yield but not the
composition of the algae. A temperature of 20-25°C¥ &7 3617,
adequate agitation” and 2 concentration of 5 per cent carbon dioxide*
©34 in the gas stream and of 0.5-0.6M mineral salts®3 jn the
medium favour rapid growth of Chlorella and thereby }ugh yields.
By treatment of Chlorella vulgaris with camphor, a mutant is reported
to have been obtained having double the cell size but the same generation
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protein is calculated to be 62 according to Oser’s formula®, compared
to 100 for whale egg protein, 80-go for animal proteins and 60-8o for
cereal proteins', In the general pattern of distribution of essential
amino acids, Chiorella protcins show many similarities to yeast porteins,
and, barring its lower cystine content, to leaf proteins®. Age of culture
is reported to have little effect on the composition of the proteins of
Chlorella vulgaris, except for a significant increase in the histidine
content with increasing age of cells™,

Digestibility: Little infc ion is available on the digestibility
of Chlorella proteins. However, the proteins of other species of fresh
water algac like Myriophyllum and Vallisneria are reported to possess
very low digestibilities in rats®. The proteins of Elodea have a diges-
tibility of only 70 per cent®, and of Scened obliguus, a digestibility
of only 61 per cent™. It is difficult to explain these low digestibilities
in view of the fact that these algae®, like Chlorella®  itself, have a low
fibre content,

Nutritive value: Among algae other than Chlorella, while the
proteins of Elodea have a biological value of 42 per cent, those of
Myriophyllum and Vallisneria have biological values too low to be
accurately determined®. On the other hand, the proteins of
Scenedesmus obliquus are reported to promote the same rate of growth
in rats as milk proteins and not to cause liver necrosis, unlike fungal
proteins™,

The first animal experiments with dried Chlorella carried out in
1949 at the Stanford Research Institute showed that rats fed diets
containing 18 per cent Chlorella protein grew at one-third the rate of
rats fed diets containing the same proportion of casein®. In a subse-
quent experiment carried out in England in 1951, Henry® found that
the protein efficiency ratio of Chlorella is of the same order as that of
brewer’s yeast, being significantly higher than that of groundnut meal
but considerably lower than that of dried skim milk%® %, In ex-
periments with chicks, it was found that substitution of 10 per cent
Chlorella in place of an equal quantity of soya bean meal had an adverse
effect on their growth, mainly on account of a lowered food consump-
tion®. The hygroscopic nature of dried Chlorella is reported to
interfere with the ingestion of sufficient quantities of the experimentat
diets by rats'* and chicks™.

Supplementary Value: The proteins of Scenedesmus obliguus®
and Chlorella pyrenvidosa®™ ™ have been reported to supplement the
proteins of wheat flour and white bread. This supplementary effect
is attributed to the high content of threonine and, to 2 lesser extent,
lysine in the algal proteins™®. In view of the fact that threonine,
unlike lysine, remains expensive® ®, it has been suggested that algae
<can be used as a natural source of threonine in supplementing lysine-
enriched white bread™,
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time as the parent strain and thus growing in weight twice as
rapidly®. .

Intensity of illumination is reported to have an effect both on the
rate of growth® ™ and the composition®™ 1 of Chlorella. While
the optimal intensity from the point of view of high yields is of the order
of 2500-3500 foot candles®, good growth has been obtained at 1300
foot candles” and fair growth even at 500-1000 foot candles®. High
light intensities do not favour high rates of photosynthesis®® %, or
induce high protein content!™ even under conditions which are other-
wise optimal for protein synthesis by the alga. Since the phase of
maximum photosynthetic activity is also that of maximum protein
synthesis, the most efficient use of Chlorella as a photosynthetic agent
lies in protein production rather than in fat production®,

Cultural conditions which affect mainly the composition of Chlorella
are, age of the culture” ™ ® and concentration of fixed nitrogen
in the medium® ™ ' 3 15 Protein content of the cells of
Chlorella vulgaris has been reported to decrease with increasing age™.
High concentrations of fixed nitrogen in the medium favour high rates
of protein synthesis¥ %11 A concentration of fixed nitrogen
of o.cox M is critical in this context and if sufficient precautions are
taken to see that its concentration never falls below this level, Chlorella
rich in protein can be harvested® ®3% 1, The availability of different
forms of fixed nitrogen to Chlorella has been investigated in detail®®,
Chlorella is capable of utilising nitrate nitrogen®, but organic and
inorganic ammonium salts”* and urea” are superior as sources of
fixed nitrogen, It has been suggested that it would be profitable to use
sewage as the nitrogen source in algal culture®®, The use of algae in
space ships to convert the waste products of the passengers into the
much needed edible proteins and fats has also been envisaged®®,

Protein content: Cultured under conditions optimum for protein
synthesis, Chlorella attains a protein content of 50 per cent® ® ™ &1
1625 equalling the best vegetable sources® ¥ * and surpassed only
by a few animal sources™. It has been reported that 33 per cent of
the total nitrogen of the alga, Elodea canadensis, is contributed by
non-protein constituents such as amides, polypeptides and free amino
acids®,

Amino acid composition: The earliest report on the amino
acid composition of Chlorella protein is by Eny™ to the effect that it
lacks in essential amino acids other than leucine, isoleucine and valine,
but Fowden® found all the essential amino acids in the Chlorella
protein hydrolysate. Published values on the amino acid composition
of Chlorella suggest a fairly good spectrum of the essential amino acids,
except for a deficiency in cystine?® *3 and mcthioninef“ ’:; :“’";.
Chlorella protein is particularly rich in arginine™ ®, lysine®

and threoning®®#%®.  The essential amino acid index of Chlorella
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exploited directly as source of human food®. ‘The common classifica-
tion of marine algac is by colour; brown (Phaeophyceae), red (Rhodo-
phyeeae), green (Chlorophyceae) and blue-green (Myxophyceae); only
the more prolific brown and red algac offer economic possibilites as
food™ 4,

Scawreps:  From carly times, man has attempted to utilise sea-
weeds as food™ ®, Considersble quantities are consumed in the
oriental countries™ 4, headed by Japan with 25 per cent seaweed in
her dictary®, In Europe and America, seaweeds are mainly used as
appetisers or stabilisers of food®, Britain’s scaweed resources are fully
listed and the possibility of mechanically harvesting ds from the
sea bed is being cxplored®,

It has been realised only recently that different species of scaweeds
show considerable seasonal variation in chemical composition and that,
Just as with land crops, there are optimal seasons for harvesting®®. To
make the best usc of seaweed as food, it should, therefore, be harvested
when the nutritive principles are at their maximum concentration®,

Protein content: The normal range for the protein content of
seaweeds is 4 to 18 per cent on dry weight basis ¢ **%, but a range of
values between 23 and 33 per cent has also been reported®™®. In
general, the red algac have a higher protein content®™®; Porphyra
tenera, for example, is reported to have a protein content of 33.1 per
cent®,  Among the protein-rich green algae, mention may be made of
Ulva pertusa o sea lettuce (31.5 per cent)® and Entermorpha flexuosz
(26.4 per cent)®.

Considerable seasonal variation in the protein content of marine
algae has been observed!t 55756567 \While most seaweeds show
a cleat maximum in the spring®"™ * ® when the growth of plants is
very active®, with some the protein content is highest in autumn®
and with others, in winter®,

Seaweed protein can be extracted with 0.5N to 1N sodium chloride
or sodium hydroxide solution®, Protein is present to some extent at
least as an algi iplex™ and this is believed to interfere with the
protein extraction™ *, Though appreciable quantities of free amino
acids are present in seaweeds”, the bulk of the NPN fraction is chiefly
P;Pﬁ:ie in nature®® **; in this respect, seaweeds differ from fresh water
algae®,

Amino acid composition: The early work of Mazur and
Clad_:e"’ ™ showed that amino acids absent were different with different
species of seaweeds. Thus, according to them, Fucus, Egregria and
Cystoseira lack arginine, but Caulerpa lacks lysine™. While Sargassum
and Chondrus lack methionine, Laminaria lacks, in additi lysine and
Ulva, tyrosine and lysine!”. Recent work using more modern techniques
hz?. however, shown that such wide qualitative differences in the amino
acid position of the p ins of diff species of marine algae do
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- Large st;;ale culture :nd yield: Attempts in the United States®

, Germany®® and Japan® at large scale culture of algae brought
to the fore many attendant chemical engineering problems 2nd these
have been since investigated in detail®™ . Among these problems
the first is to provide the means for the algae to grow at the maximum’
rate continuously and the second, to harvest the mature algae exclusive-
ly, l_eavmg _behmd the growing young algae®. Other problems which
await solution are pH stabilisation®™, disposal of toxic products® and
flbove_all, m_ethods of circumventing light saturation®. Provided the
intensity of illumination is not too high, the efficiency of light energy
conversion in large scale cultures of Chlorella is reported to be of the
order of 12-20 per cent®,

The economics of Chlorella production is still a subject of specula-
tion®!. On a conservative estimate, Milner® concludes from the
results of Iaboratory scale experiments that 40 tons of Chlorella can be
obtained annually from an acre of land, whereas other estimates for
the annual yield of Chlorella in tons per acre lie as far apart as 2.85
tons™ ¢ and 114 tons®. An extrapolation of pilot plant results would
suggest that an annual yield of 17.5 tons of Chlorella per acre is quite
a reasonable expectation with the present technological knowledge®®,
The fact that the maximum yield reported in laboratory scale cultures
is over five times the best yield obtained in thepilot plant gives riseto the
hope that a great increase in yield during large scale culture of algae
may be realized, once we have a better understanding of the optimum
conditions for growth on a large scale®. Conditions which contribute
to maximum yields of Chlorella pyrenoidosa in mass culture have been
investigated®.

Utilisation as human food: The flavour of dried Chlorella
is too strong for one to enjoy eating large quantities of it™. It
has a vegetable-like flavour™*, not unlike that of raw lima beans or
raw pumpkin®. Its flavour is reported to be also reminiscent of green
tea or seaweed™. Consumption of fresh Chlorella leaves behind alinger-
ing, mildly unpleasant aftertaste™, An effort is necessary to learn how
to cook Chlorella or otherwise process it as human food®.

Large scale trials with Chlorella as human food have yet to be
put through. Work carried out in Japan has shown that considerable
amounts of Chlorella can be added to green tea, soups, noodles, baked
products and ice cream without materially affecting their taste and
appearance’. An attempt at extracting a ‘tofu’-like material from
Chlorella failed, but by hydrolysis of the alga, a solution was obtained
which could be used as a substitute for soya sauce®.

MARINE ALGAE
The enormous and self-replenishing supplies (200-3o0 million
tons) of marine algae in the oceans of the world have not yet been fully
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exploited directly as source of human food*. The common classifica-
tion of marine algae is by colour; brown (Phatophyceae), red (Rhodo-
phyceae), green (Chlorophyceae) and blue-green (Myxophyceae); only
the more prolific brown and red algae offer economic possibilites as
food!™ 4,

Seaweeps: From early times, man has attempted to utilise sea-
weeds as food® 4. Considerable quantities are consumed in the
oriental countries® *, headed by Japan with 25 per cent seaweed in
her dietary®, In Europe and America, seaweeds are mainly used as
appetisers or stabilisers of food®. Britain’s seaweed resources are fully
listed and the possibility of mechanically harvesting ds from the
sea bed is being explored®®.

Tt has been realised only recently that different species of seaweeds
show considerable seasonal variation in chemical composition and that,
just as with land crops, there are optimal seasons for harvesting®®. To
make the best use of seaweed as food, it should, therefore, be harvested
when the nutritive principles are at their maximum concentration®®,

Protein content: The normal range for the protein content of
seaweeds is 4 to 18 per cent on dry weight basis #*¥, but a range of
values between 23 and 33 per cent has also been reported®™®, In
general, the red algae have a higher protein content®™®; Porphyra
tenera, for example, is reported to have a protein content of 33.1 per
cent®’. Among the protein-rich green zlgae, mention may be made of
Ulva pertusa or sea lettuce (31.5 per cent)® and Entermorpha flexuosa
(26.4 per cent)™.

Considerable seasonal variation in the protein content of marine
algae has been observed!® #4575 647 \While most seaweeds show
a clear maximum in the spring®*" ® ® when the growth of plants is
very active®, with some the protein content is highest in autumn®®
and with others, in winter®.

Seaweed protein can be extracted with 0.5N to 1N sodium chloride
or sodium hydroxide solution®. Protein is present to some extent at
least as an alginate complex™ and this is believed to interfere with the
protein extraction® *. Though appreciable quantities of free amino
acids are present in seaweeds”, the bulk of the NPN fraction is chiefly
peptide in nature®™ ®; in this respect, seaweeds differ from fresh water
algae®,

Amino acid composition: The early work of Mazur and
Clarke'™ ™ showed that amino acids absent were different with different
species of seaweeds. Thus, according to them, Fucus, Egregria and
Cystoseira lack arginine, but Caulerpa lacks lysine™. While Sargassum
and Chondrus lack methionine, Laminaria lacks, in addition, lysine and
Ulva, tyrosine and lysine®”. Recent work using more modern techniques
has, however, shown that such wide qualitative differences in the amino
acid composition of the proteins of different species of marine algae do
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not exist™®»®7M and that except for the absence of certain
amino acids like tryptophan®™ ™ and methionine®™ in a few isolated
cases, they contain all the essentizl amino acids™,

In amino acid composition, marine algae essentially resemble the
fresh water algae® and the land plants® €%, The prateins of
different brown®™® 8975 and red® 7 algae show the same amino
acid pattern.  While Chondrus crispus™ has a very high arginine content,
Rhodymenia paly ® and Fucus vesiculosus*™ have high lysine contents.
The cystine content of brown seaweeds is reported to be higher than
that of the red seaweeds™. Seaweed proteins are, as a class, deficient
in methionine™ ™, Proteins of dried algac are deficient in
histidine®® 7,

Digestibility: Seaweced proteins have a low digestibility as
compared to animal proteins® ¥, The proteins in certain species
are reported to be almost completely indigestible®™ ™™ and to lead
to loss of protein from the accompanying feeds®™?. 1t is believed
that certain substances appearing in the laminarin-rich extract are
responsible for this low digestibility™. Recent work carried out in
Russia on human beings has shown that assimilation of the proteins
of brown algae varies from 32-80 per cent! ®, while according to
Japanese investigators, it ranges from 15-73 per cent™?. Digesti-
bility trials with animals have shown that sublittoral seaweed is more
digestible than the littoral®®, Also, a seasonal variation in the digestibi-
lity of the proteins of seaweeds has been observed; while the October
samples of sublittoral seaweeds have a negative digestibility for protein,
the January samples have a positive digestibility®®,

Nutritive value: In general seaweed proteins are not extensive-
ly utilised in metabolism* %3,  Proteins of the red edible alga (Prophyra
tenera) are reported to possess a higher nutritive value than those of the
green alga, Uka pertusa (sea lettuce)®. In experiments designed to
determine the extent of utilisation of the proteins of different seaweeds
by rats, Bender et al® found the net protein utilisation (NPU) of
the red alga, Rhodymenia palmata, to be 42, which is of the same order
as that of peas and maize. Experiments with the brown seaweeds
were complicated by the fact that they were not palatable to the rats®.
While the NPU of Laminaria cloustoni is 28, that of the other two is
negligbly low®. Owing to retention of excessively large quantities of
water by the experimental animals, the protein efficiency ratios could
not be calculated®.

Supplementary value: In its supplementary value to typic?l
polished rice dicts consumed in Japan, green seaweed as a whole is
reported to be superior to a number of other foods like soya bean and
sesame seeds, but to what extent the protein moiety of (he'sea\veed is

ible for the suppl v value is a matter for conjecture®.
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Utilisation as human food: Seaweed is essentially a supple-
mentary food'™* which can be fed only up toa percentage of
the basal diet!, Limited quantities of red seaweeds, particularly
Porphyra® and Rhodymenia (dulse)*! are consumed in the United King-
dom, Porphyra laciniata is an important constituent of ‘Laverbread’,
the national dish of South Wales'™ #, As a class, red seaweeds are
relatively more palatable® and nutritious® & and would be a useful
source of dietary protein if it were possible to collect it exclusively,
unaccompanied by other types™,

In Japan, the brown seaweeds are incorporated in the flour and
consumed in the form of noodles®®. A Japanese patent exists on the
production of macaroni products incorporating seaweed®. Its use
for the production of yeast has been explored in the same country
using strains of Candida with a high capacity for assimilating
mannitol® &

PHYTOPLANKTON

The large marine algae or seaweeds constitute only one per cent
of the total marine vegetation®, The greater part of oceanic plant
life consists of microscopic phytoplankton (mainly diatoms and dino-
flagellates)—the products of extensive marine photosynthesis® 8 which
form the ultimate food for all the sea fish™*. Phytoplankton has
not so far been used as human food to any appreciable extent™, though
the possibilities in this direction have been considered by a number of
workers ® # 8_ The rationale underlying the direct consumption
of phytoplankton by man is essentially similar to the one which has
given fillip to recent attempts at the extraction of leaf proteins for in-
corporation in human diets. The food chain that leads from the
phytoplankton through the zooplankton, and ‘small fish to the large
marine fish is a long and wasteful one, for, the food value is diminished
approximately nine-tenths after each eating®™ % . It is believed that
each pound of sea fish represents ahout 100,000 pounds of phyto-
plankton, photosynthesised in the oceans of the world® 8.

Phytoplankton contains 49 per cent protein on the dry weight
basis®. It is reported to form an important constituent of certain
dishes consumed in winter by the lower income groups along the north
coast of China®, while plankton soup is well known in Venezuela®.
In case its adaptability as human food on a large scale is established %92,
it is reckoned that it would be possible to harvest at least half the oceanic
phytoplankton resources without in any way affecting the rate of fish
propagation®, However, plankton is too highly dispersed® in sea
water to be economically harvested and mechanical difficulties
in the way of its large scale collection will have to be overcome?> - 9
in the first instance.
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TABLE XXIv

NUTRITIVE VALUE OF ALGAL PROTEINS

Protein Nutritive Value
Level of Coeffici
content : iologi
SOURCE o xe6.25 feeding Blt)}()lgxcal of true di- eg;oeem
X % value [0 lba ciency
% % gestibility | ©ratio
%
Fresh Water Algae
Chlorella (freeze dried)... |  50.0 8 o 13
Elodea™ 20 | 7005 | ..
Myriophyllum and
Vallisneria® e - . e
Scenedesmus obliquus® ... . 60.8 .
Marine Algae
Seaweeds (different
species)™ .- o 151.71.5
Brown algae
Ascophyllum nodosum® ... | 8.8-12.7 10 3.0¢ e BN
Laminaria sp ¥ 4.0-10.8 vor e 31.7-80.0
Laminaria cloustoni®? 64 30.0¢
Laminaria japonica®™ . 7.3 57.01 e
Pelvetia canaliculata®™ ... | 12.7 5 0.0t -
Red Algae
Porphyra tenera® 331 72.61 .
Rhodymenia palmata® ... | 23.5-27.5 10 420 -
* very low
1d ined by human metaboli:
{ 1 value % fhici of true

denotes net protein

+
digestibility.}

of

§ denotes
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TABLE XXV, AMINO ACID COMPOSITION

Protein AMINO
SOURCE content .. e T
o Arginine | Histidine| Lysine [Tyrosine ‘}"P""
% % % % phan
Fresh Water Algae |
Chlorella pyrenoidosa® ... 43.3 61 20 51 18 1.2
Chla;zlla pyrenoidosa
(laboratory sample)™® 40.0 6.0 1.6 6.1 “ g
Chlorella pyrenoidosa 0
(pilot plant sample)®* ... 4.0 4.7 14 4.7 1.8
Chlorella vulgarist® e 269 79 1.9 8.5 58 25
Chlorella vulgaris (5 days
old)® - 36.3 88 21 69 54 25
C‘hlorzl!a wvulgaris {9 days
- 244 8.0 24 69 54 25
ChIanI!a wulgaris (21 day:
" 238 83 29 74 5.8 23
CthrelIa vulgaris (35 da)s
old)n 231 70 3.5 7.6 5.6 21
Chlanlkx wvulgaris (Emerson
strain)*® . | 409 3.8 14 22 3.2 L1
Marine Algae
Brown algae
Ascophylium nodosum
(alcohol-extracted)® ... 144 4.0 08 41 19 1
Ascophyllum nodosum
protein, extracteds? 41.0 59 0.0 34 1.0 +
Cystoseira™ o 0.0 26 34 19 09
Egregria™ aee . 0.0 24 0-3 1.4 1.1
Fucus® - - 0.0 0.6 6.0 17 0.6
Fucus vesiculosus
(alcohol-extracted)’® 171 - 41 09 50, 25 1+
Fucus.vesiculosus
{alcohol- cxtractcd)" v [148-17.5 47 0.9 50 25 .
Laminaria® . 36 8.4 a9 -0 3.9 1.3
Laminarfa cloustoni
protein, extracted® .. | 342 61 0.0 38 1.9 +
Lessoniopsus™ e . 1.6 0.7 6.4 1.2 22
Macrocystis™ e e 4.4 0.9 1.6 06 06
Pelvetia canaliculata®™ s 108 - - 2.8
Sargassum*? - 62 4.0 1.9 4.4 2.9 1.8
Green algac .
70 3.0 1.8 0.0 2.7 2.2
g%gﬁﬂ' 36 27 4.4 1.0 0.5

1 denotes weak ninhydrin colour.

® (C: Chemical; CC: Chromatographic;
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OF ALGAL PROTEINS

AcCtDS Metgwd
- o

’:{‘ﬂg‘fe Crytine ”;i:é';‘" Thegonine| Leysine | Tsoleue i Valine | estima:
50 08 0§ 43 87 5.3 57 M
54 14 48 5.0 42 67 M
4 03 48 8.6 40 56 M
53 03 24 39 92 53 74 cc
43 02 24 41 92 £ 75 cc
43 03 24 43 8.4 51 7.0 ce
43 03 22 48 8.4 4.8 72 ce
41 03 20 17 90 53 79 cc
116 06 10 23 84 59 53 M
43 + 12 38 69 42 50 cc
t . 37 .. . . cc
30 105 c
. 0.8 4.3 . . o [
. 22 94 . c
4.9 1 0.7 4.5 7.5 4.5 52 ccC
4.9 + 0.7 45 75 4.5 4.0 cC
19 47 00 18 . 68 c
" s g -2 ]
08 .9 c

. . 23 26 28 ce

06 4.0 0.0 0.5 8.6 [o4
o O O I B &

M Microbiological).



Tastr XXV, Amino Acid Composition

AMINO
Protein
SOURCE
content | Acginine | Histidine] Lysine Tymsme Trypto-
% % % | % pin
o
Enteromorpha mtemmzlu
protein, extracts - o 42 0.5 31 23 N
Ulva, specimen m 11.9 37 0.7 0.0 0.0 0.4
Ulva, specimen 11+ . 11.1 . e 0.0 0.0 0.7
Ulva lactuca (alcohol~ -
extracted)™ e | 208 50 0.5 33 1
Ulva lactuca™ 2.7 1.2
Ulva pertusa (sea letmcc)"’ 315 . o 4.9-188 | 0.2-0.9
Blue-green alga -
Gliatrickia®™ . m 3 0.9 1.7 1.9 0.4
Red algae
Chondrust? 6.4 541 11 33 4.8 1.9
Lk crispus
{(alcohol-extracted)™ ... 273 14.0 06 2.8 21 +
!
Rhodymenia palmata® 244 . 30
Rhodymenia palmata
(alcohol-extracted)™ 13.0 54 0.6 53 3.3 1
_Rhodymenia palmata
protein, extracted® BN 29 0.6 3.3 | 27 t

t denotes weak ninhydrin colour.
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of Algal Proteins

Acipe Method
of
Phenyl . | Methio- . . Valine | Estima~
.{ an : ne Cy:/zme "t,ze % Lel:/:me o "2“ Pl
-39 + o 2.7 . . cc
43 2.5 09 - 78 . 70 C
" 29 0.0 e . s . c
56 + 1.7 5.7 75 42 6.6 cc
3.0 20 -
o 00 243 " = .- - C
28 2.2 0.0 s 80 . 38 C
24 0.9 27 39 2.6 35 cc
o . P 29 27 3.0 cC
+ 10 53 69 47 58 cc
23 + 29
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CHAPTER XIII

YEASTS, MOLDS AND BACTERIA

MICROORGANISMS are associated with human nutrition in its several
aspects™”,  They are present and they function in the human gut**.
Such fer ive p as are involved in the preparation of food
are mediated by them®®?. Among microorganisms capable of elabo-
rating proteins fit for human consumption® * %, yeasts, molds (fungi)
and bacteria merit consideration in that order’.

YeAsTS

Yeast is capable of synthesising protein from simple compounds®
in the shortest time? ¥ 1 ®_ Conditions favouring yeast growth
have been studied by several investigators™ ***# and it has been report-
ed that under optimum conditions yeast can double its weight in less
than two hours®, The efficiency of conversion of carbohydrate into
protein (in the presence of nitrogen supplements) is stated to be of
the order of 16-33 per cent in the case of yeast 32+ 2%, but only 5
per cent in thecase of an animal such as the pig *. Yeast thus provides
an excellent means utilising industrial wastes for producing protein,
and bye-prod such as 3t L 8: 115 30 2528 okim milk?®,
whey™ 25, fruit wastes® ¥, groundnut protein waste liquor®,
potato starch waste liquor™ ™, sulphite waste liquor from paper
pulp manufacture!® *42 and materials like bracken®, bananas't %,
catob beans”, (Ceratonia siliqua), wood ¥ 1020 2 41 82 geragy 21 42,
seaweeds® 44, putrefied fish* and even sewage®.

‘The practical use of yeast in human diets dates back to the first
world war when Germany produced considerable quantities (nearly
20,000 tops per annum®), chiefly from wood hydrolysates® 3 1% 48
The second world war revived interest in yeast as a source both of
dietary proteins and of vitamins* and th l praduction in Germany
shat up t0 100,000 tons™ ¢, Besides primary grown yeast, lasge
quantities of brewer’s yeast also are obtained as a bye-product of the
fermentation industries™ ' ; but, in spite of facile methods for
debittering being available®, the bulk of the brewer's yeast is wasted
for lack of market ® ¢, The potentialities of yeast as a source of
protein in the dietary, especially of under-developed countries, have been
generally recognised I ™ % On a rough estimate, it has
been calculated that three million tons of yeast would be required
annually to meet the needs of the 1,000 millions inhabiting these
countries’, However, consumption of yeast by man has not extended
as fast and as much as was first anticipated.
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Of the two main species of yeast used for food production, namely
Turula utili: (minefal yeast)ﬂn 8 100 12, 1417, 19 21-23, 25, 33, 3§, 40> 4248
and Saccharomyces cerevisiae’™ ™ 38 2% 6 the former possesses the
following advantages over the latter: () it is less bitter®; () it can tole-
rate high temperatures as prevail in the tropics'® 1 %; () it can grow
exclusively on inorganic nitrogen'; (iv) it can utilise pentoses as
are present in straw hydrolysates and in the still bottoms obtained
from alcoholic fermentation of wood sugars®®; and (o) its cell size can
be suitably increased by mutation, thereby facilitating its production
on a large scale™ *, A new Torula strain, Torulopsis utilis var,
Thermophile, has been shown to be capable of multiplying fifteen-fold
in nine hours™*, Dried Torula yeast has a light yeilow colour with
a nutty or meaty flavour and can be used as food yeastl® %%,

Protein content: The crude protein content of most edible
samples of yeast ranges from 4o per cent to 60 per cent!® 14> 16 17 19 2t
2 2625 30, 8L, 35, &L 46 8077 byt that of some ‘fat yeasts’ is considerably
less™, A high concentration of nitrogen in the medium favours
synthesis of yeast with a high nitrogen content® ®, ‘The true protein
content of yeast has been reported to vary from 30 per cent to 43 per cent
on the dry weight basis, as judged from six samples*?. On an average,
only about 8o per cent of the total nitrogen in yeast is true protein
nitrogen®, while from 10 per cent to 2o per cent "™ 7 8 or more ™58
is contributed by non-protein constituents, chiefly purines® 1 1 ¢ 7
7 76: 7, 82 8087 pyrimidines 1% 1% @ 7% 82 8 and amino acids®.  Purines
account for 5.7 per cent to 13.9 per cent of the total nitrogen ® 7 8% 887,
pyrimidines, 2.9 per cent to 4.3 per cent * ®; choline, 0.5 per cent®
and glucosamine, o.5 per cent®. Since the nitrogen content of these
consti also get included while determining total nitrogen in yeast,
the true protein content of yeasts would be appreciably lower than the
figures quoted for their crude protein contents in the literature™

The proteins of yeast include albumins, globulins, phosph
proteins, nucleoproteins, lecithoproteins and glycoproteins, together
with the usual soluble protein cleavage products’, Attempts to isolate
and characterise yeast proteins have mot proved very successful®.
It is reported that only a portion of the nitrogen can be e{(tracted from
yeast even by dilute alkali after defatting or rupturing the cell
membrane®.

Amino acid composition: The amino acid composition of
yeast proteins is presented in Table XXVIL It is not as constant as
that of animal proteins®, for, it is influenced not only by th.e strain of
yeast®® ¢ 65 7581, but also by the condition of its propagation®® ™ 80
89 80
On the whole, yeast proteins are well balanced in respect of all the
essential amino acids!® ® %, except methioninel® 9 5 6% 870, 70 7
81,88 90 3 and possibly cystine # 73 75, 77) 811 86, 83 BY, 921 955 ‘u. 1:-(“.
this reason, fortification of yeast with materials (such as keratins) rich
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in the sulphur amino acids has been advocated™®. Methionine
deficiency is reported to be greater in the proteins of Torula utilis
than in those of Saccharomyces cerevisiad® ® ®1, The concentration
of methionine in the medium influences the methionine content of
yeast proteins only in the case of certain straing®™ ®.  Supplementation.
with methionine improves the nutritive value of yeast proteins'® 5 &
% 88 19 Lyt whether supplementation with cystine has a similar
effect is a point of controversy™ & 73 8 3 30 10

The presence in yeast proteins of considerable quantities of Iysine®™
7> €1, 620 70: 75, 78 86, 89, 902 93, 95, 102 z\nd Valine 53, 57, 585 61> 70> 75 86) 89 20»
9 makes it an ideal supplement to cereal diets in general and wheat
diets in particular®.

The relative availability of essential amino acids from yeast proteins
has been measured, using as criterion the extent of their liberation after
digestion with pancreatin for 24 hours; the availability varies from
26.7 per cent for histidine to 100 per cent for cystine, while the values
for the other essential amino acids lie in between®®.

Nutritive value: Yeast proteins are reported to be highly
digestible™ %, both in vitro™ % and in pigol® 3 & 6 71 T 26 T 103 105
The nutritive value of yeast proteins is a rather controversial subject®®*
92 Conflicting reports® are found in the literature; some have
held yeast proteins to be high clash 36 2 59 & 76 203 106 107 while
others have condemned them on grounds of possessing a very low
nutritive value® 1% 1% The truth perhaps lies between these
two extreme views. The majority of literature data would point to
the conclusion that yeast proteins are of medium biological value® ¢
97 7 T UFUS on g par with other plant proteins®™ ¥ 1Y 1T phye
definitely inferior to proteins of animal origin!® 1% 6 6 73 8 v8r 104,
U, ypless supplemented with cystine® or methionine'® %, The
nutritive value of yeast proteins is influenced not only by the species'®
T 10112 and strain 5 1 of the yeast, but also by the speed and
conditions of its propagation' and the position of the culture
medium® *,  While the proteins of Torula utilis are reported to be
inferior both in growth-promoting value!® ® 1 and biological value®®
%12 1o those of Saccharomyces cerevisiae, proteins in baker’s strains
are inferior to those in brewer's strains in growth-promoting value® 1,
but not in biological value®. Addition to the culture medium of
extractives from bye-products of corn products and malting operations
has a favourable effect on the nutritive value of yeast proteins®™,

Processing: While the nutritive value of yeast proteins is re-
ported to be increased on zutolysis™™, the effect of heat processing is a
subject of controversy 100+ 113120,

Sugplementary value: As a protein food, the importance of
yeast arises mainly from its supplementary value'®™, particularly to
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Of the two main species of yeast used for food production, namely
Tn’ula utl.ll.&' (minerﬂl yeast)ﬂ- 9 10, 125 1417, 19, 2123, 25, 33, 36, 40, 42-46
and Saccharomyces cerevisiae!® ¥ 1 2% 48 the former possesses the
following advantages over the latter: (i) it is less bitter’; (5i) it can tole-
rate high temperatures as prevail in the tropics™ 1 %; (5i7) it can grow
exclusively on inorganic nitrogen™; (7o) it can utilise pentoses as
are present in straw hydrolysates and in the still bottoms obtained
from alcoholic fermentation of wood sugars®?; and (9) its cell size can
be suitably increased by mutation, thereby facilitating its production
on a large scale! ®. A new Torula strain, Torulopsis utilis var,
Thermophile, has been shown to be capable of multiplying fifteen-fold
in nine hours"®,  Dried Torula yeast has a light yeilow colour with
a nutty or meaty flavour and can be used as food yeastl® 7%,

Protein content: The crude protein content of most edible
samples of yeast ranges from 40 per cent to 6o per cent!® I 1o 17 18 20>
£ 20723, 30, 3L 38 41 46 517 By that of some ‘fat yeasts’ is considerably
less™, A high concentration of nitrogen in the medium favours
synthesis of yeast with a high nitrogen content® ®.  The true protein
content of yeast has been reported to vary from 30 per cent to 43 per cent
on the dry weight basis, as judged from six samples®, On an average,
only about 80 per cent of the total nitrogen in yeast is true protein
nitrogen®, while from 10 per cent to 20 per cent ™7 7 # or more ™ **
is contributed by non-protein constituents, chiefly purines® 1% 1% 4 13
o 7 39 82 8087 pyrimidines 1 1 4 7 8 8 55 amino acids®. Purines
account for §.7 per cent to 13.9 per cent of the tatal nitrogen * 7 8% 8547,
pyrimidines, 2.9 per cent to 4.3 per cent ** ®; choline, 0.5 per cent®
and glucosamine, 0.5 per cent®, Since the nitrogen content 9{ these
constituents also get included while determining total nitrogen in yeast,
the true protein content of yeasts would be apprecxably.r lower than the
figures quoted for their crude protein contents in the l|te'rature?' “.L

The proteins of yeast include albumins, globul 15, phospho-
proteins, nucleoproteins, lecithoproteins and glycoproteins, to.gether N
with the usual soluble protein cleavage products!. Attempts to isolate
and characterise yeast proteins have not proved very successful®.
It is reported that only a portion of the nit.mgen can be e)ftracted from
yeast even by dilute alkali after defatting or rupturing the cell
membrane®.

Amino acid composition: The amino acid composition of
yeast proteins is presented in Table XXVIL. It is not as constant as
that of animal proteins, for, it is influenced not only by the strauﬂx g)f
yeastd® 81 8 7581 but also by the condition of its propagation®® ™ #
89, 80

On the whole, yeast proteins are well balanced in respect of all t}:ﬂe
essential amino acids!®™ ® °%%, except methionine™ ™ & 62 uo;:n 7 7
81y 88, 80> 93 a“d possibly Cystine 19 82, 73: 75 772 81, 86> 88+ B} 92> ‘5». ' I:‘or
this reason, fortification of yeast with materials (such as keratins) rich
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in the sulphur amino acids has been advocated”®. Methionine
defi cncncy is reported to be greater in the proteins of Torula utilis
than in thosc of Saccharomyces cerevisiac™ 81 The concentration
of methionine in the medi fl th hi content of
yeast proteins only in the case of certain strains® *.  Supplementation
with methionine improves the nutritive value of yeast proteingl® %
. 86 10 byt whether supplementation with cystine has a similar
effect is a point of comro\crsy"’ €32 73, 88, 98, 99, 201,

: i 1,
The presencein yeast o derabl of lysine®
T 81 82 TH T 95 88, 3% B0 831 35, 303 and Vﬂ]lnc i~ B’h 8 €1+ 70 75> 885 8% 90s

* makes it an ideal supplement to cereal diets in general and wheat
diets in particular®™.

The relative availability of essential amino acids from yeast proteins
has been measured, using as critetion the extent of their liberation after
digestion with pancreatin for 24 hours; the availability varies from
26.7 per cent for histidine to 100 per cent for cystine, while the values
for the other cssential amino acids lie in between®,

Nutritive value: Yeast proteins are reperted to be highly
digestible™" %, both in ¢itro™ *2 and in vivo™ 5 8% € 71 70 76 78, 103, 205,
‘The nutritive value of yeast proteins is a rather cont: ial subject®®™
% Conflicting reports®™ are found in the literature; some have
held yeast proteins to be high class!® % 2 8 63 3, 163 106 107 il
others have condemned them on grounds of possessing a very low
nutritive value® 1 4% The truth perhaps lies between these
two extreme views. The majority of literature dam would point to
the lusion that yeast proteins areof medium biological value®*
I TH I NN on a par with other plant proteins®™ ™0 pye
definitely inferior to proteins of animal origin® 1% 5 6% 7 84 63, 104,
U415 ynless supplemented with cystine’® or methionine!® ©, The
nutritive value of yeast proteins is influenced not only by the species™
LU0 gnd serain * M of the yeast, but alse by the speed and
conditions of its propagation’® and the composition of the culture
medium®™ *,  While the proteins of Torula utilis are reported to be
inferior both in growth-promoting value?® % 1 and biological value®®
FLUNNL ¢ those of Saccharomyces cerevisiae, proteins in baker’s strains
are inferior to those in brewer's strains in growth-promoting value®® 1,
but not in biological value®. Addition to the culture medium of
extractives from bye-products of corn products and malting operations
has a favourable effect on the nutritive value of yeast proteins®,

Processing: While the nutritive value of yeast prutems is re
ported to be increased on auto]ysxs“’ the effect of heat processing is a
subject of controversy 100 113120

Supplementary value: As a protein food, the i unportance of
yeast arises mainly from its supy y value® parti

4 'y
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diets in which bulk of the protein is derived from cereals 5t 110,
In practice, yeast is, therefore, intended to be essentially a supplement® 2
and not as the chief source of protein in any dietary ® 4078 Jp
to half the animal proteins can be replaced by yeast proteins in different
diets, without appreciably lowering the overall nutritive value of the
mixed proteins 3120122

Yeast possesses a moderate supplementary value to the poor
rice diet *'1% and the poor jowar diet* and a good supplementary
value to poor vegetarian diets based on ragi®and milo™, ~ As supple-
ment to the poor European diet 'Y, yeast js reported to be as good as
dried milk, meat and fish, while its supplementary value to the Puerto
Rican rural diet is even greater than that of skim milk!%,

Suppl ry relationships have been shown to exist between
the proteins of yeast and those of wheat 2 #6718 2613818 (i5 0}y ding
wheat gluten™) and wheat products® 1%, corn 140 6% 6676 126930
rice W USABIT oats 2T, jowar U8, ragi 1%, soya bean™and blood ¥,
‘While yeast proteins are superior to groundnut proteins®in supplement-
ing wheat proteins, it is a point of controversy as to whether they are
also superior to soya bean proteins ® % in this respect. They are on
a par with casein™ and the proteins of nen-fat milk solids®*, (sweet
cream) butter milk® and soya beans *" %%, but superior to corn gluten ***
and groundnut proteins® in supplementing corn proteins, Improvement
in the nutritive value of the proteins in certain wheat and comn products
has been shown to be only slight, unless the level of supplementation
with yeast exceeds 3 per cent™®,

Utilisation: Food yeast is a pale yellow product #1925 % with
a pleasant alcoholic odour ! and a nutty or meaty taste ¥ # . Debitter-
ed 1 B8 brewer’s yeast is reported to possess 2 bland flavour ™.
Yeast has been claimed by German workers to have special value in
promoting a feeling of satisfaction or satiety in persons on a poor diet’.
It has been incorporated in leavened 2 %1% 2526 8 5% 10 131157

and unleavened 8 bread, biscuits ¥ 14 2% 26 119126 127, 130 133, doug}azh
135,138 2, 18, 25: 28, 40> 41> 60> 107» 128, 127, 131> 133, 134» 138 1237
nuts ,  soups ? o

f
stews 145 255 26> 60+ 107 1265 135, gravies 25 107, 1285 127> lﬂ’ pon’idge llﬂ, meat
PdeuCtS 605 107, 126> 1275 138, 135-1!1’ Cheese 131 183 135, Peﬂﬂut butter 128
1275 131 1!5‘137’ paste goods 60 127 12 133, 139’ candies 1315 133 ll‘l, COOked
cereals ¥, dhal®®, cooked vegetables %390, curries *'and curry
powders®. Up to 3 per cent of yeast can be used in the preparation
of most of these foods and food adjuncts without any deleterious effect
on their quality 2801 26 1um 18339, jn faer, jts inclusion is reported
to actually improve the taste of some of them®. On storage, however,
a few of the yeast-fortified products develop bitterness and unpalatable
flavours™. As much as 20 per cent of yeast can be added to peanut
butter without any detectable change in its tastel®, B:e‘ait’i lie'ngzs
itself to fortification with yeast at levels up to 3 per cent ® % .
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but there are contradictary reports as to whether higher fevels of forti-
fication are feasible ¥ 18, * Although macaroni, as such, is not a
good carrier for yeast, incorporation of yeast at Jevels up to 7 per cent
is rendered possible by the use of highly seasoned foods in the prepara-
tion of dishes based on the fortified macaroni products.

Toxicity and ill-effects: Brewer's yeast’, particularly the
viable specimens®® in the live condition!®, is reported to be capable
of causing intestinal upsets ¥™**%, On the other hand, food yeast is
comparatively innocuous™,

Dicts containing some yeasts as the chief source of protein are
reported to cause necrosis of the liver in experimental animals 1212
19T which, in most cases, leads to their ultimate death * P34,
Other yeasts, however, do not cause necrosis ™ 1912, Cystine $% %
1L methionine 1% and vitamin E 1 are reported to have a pro-
tective effect.  Different yeasts have different necrogenic property,
depending on the level of protein in the diet ™™, on the species
or strain of the yeast™ ™ and on the medium of its propagation*.
In general, yeasts of European origin *+141¢" and baker’s strains™ ¥
are seported to be more necrogenic than those of American %+ 11147
and Indian 3 origin and brewer’s strains ®:3%, It is a moot point
whether the variations in their toxicity is entirely due to the differences
in their sulphur amino acid contents 85 121,

Since yeast is rich in purines and nucleoproteins, its ingestion
influences both uric acid accumulation and excretion in the human
body . ‘The question as to whether the consumption of yeast will
give rise to abnormal quantities of uric acid and consequent dis-
order is of considerable importance!. According to some investigators,
no rise in the blood uric acid is observed following the administration
of yeast, but their experiments have invariably been of short duration
or have involved small doses of yeast 133552 Ingestion of compara-
tively large quantities of yeast by human subjects for several days has
usually resulted in an increase in the concentration of uric acid in blood™”
W UL and in its excretion in the urine ™. Con-
comitantly a rise in the blood creatinine®, loss of weight ™33 and
decrease in blood pressure™®have also been observed. Consumption
of 75 g. of dried yeast per day increases the uric acid content of blood
by 75 per cent™ and of 100 g per day, by 100 per cent™, A rise,
even two-fold, in the blood uric acid level does not produce symptoms
of gout %, Ttis thus not probable that yeast, in the quantities ordinarily
consumed, would causean i in the production of uricacid suffi-
ciently high as to exert a harmful effect on the human system or to lead
to the formation of uric acid stones®, However, a thorough study of

the effects of prolonged ing, of large quantities of yeast on the
blood constituents and general well-being is a desirable pre-requisi
for any 1 dati i

g the inclusion of yeast as a major
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source of protein in human dietaries®, Suggestions have also been
made for the removal of the greater part of the purines from yeast
before use™ 1%,

Human tolerance for yeast: The limits of human tolerance for
yeast as reported by different investigators vary widely™® 1% 13 138
15518, from one-fourth ounce per day™™® 15 tg as much as three ounces
three times daily’., Consumer acceptability trials carried out in India
have shown that half an ounce of food yeast is the optimal daily allow-
ancel® 19,

Economics of yeast production: The economics of yeast
production has been the subject of extensive study X% 2225 8 e s,
3% While yeast protein is cheaper than animal proteins 224t
43 (with the exception of skim milk protein®®), it is considerably
costlier than proteins of plant origin® #%, The relatively high cost
of yeast protein is reported to be the main reason for the slow develop-
ment of the food yeast industry in the United States®®. The future of
yeast as a source of protein in human diets may not be bright unless
it can compete in price with cheap protein-richfoods like soya bean and
groundnut flour *, Various improvements have been suggested in the
process of yeast manufacture with a view to reducing the production
«costs™,

DiSTILLERS’ BYE-PRODUCTs: Distillers’ bye-products are the
residues obtained in the manufacture of alcohol and distilled liquors
from cereal mash after the removal of alcohol®%, Their production
increased rapidly after the outbreak of the second world war ** 1% and
the present annual output is estimated at over 300,000 tons® %,
‘They have recently assumed considerable importance as an ingredient
in commercial feeds for poultry and farm animals® !* and they also
deserve consideration as a protein supplement in human diets®,

In the recovery of distillers’ bye-products, the total solids of the
spent wash are concentrated and dried together to give distillers’
grains with solubles 8% 1 (‘dark grains’®), Alternatively, the soluble
and insoluble solids may be dried separately to give respectively
distillers’ dried grains (‘light grains®*) and distillers’ dried solubles™® %%,
The yield of the total bye-products per bushel of grain mixture is
usually 16.5—-17.0 pounds, divided almost equally between dried grains
and dried solubles®. The composition of all these products varies
widely, depending on the type and proportion of cereal grains cons.titut-
ing the mash® %%, the composition of these grains® %, the efficiency
of fermentation 192 and the proportional content of yeast in the final
product®. While distillers’ dried grains are reported to be similar in
composition to palm kernel cake, dried solubles (which contain d:‘c
bulk of the soluble nutrients derived from the cereals and yeast™ b
5) are similar to dried milk®,  Ordinarily, 20 per cent by weight
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of the solids in dried solubles is contributed by yeast'*’. The protein
contents of dried grains, of dried grains with solubles and of dtied
solubles are reported to be respectively 30 per cent'®, 29 per cent 12
and 26.0-37.1 per cont*14,

‘The proteins of distillers’ dricd grains resemble cereal proteins in
amino acid composition'™.  The protcins of dried solubles are richer
than cereal proteins in arginine !, histidine'®, lysine 1 and trypto-
phan®, presumably as a result of the preferential synthesis of these amino
acids by yeast during the coursc of fermentation™, Lysine has
been found by animal feeding experiments to be the primary deficiency
and tryptophan, to be the dary deficiency in the proteins of the
dried solubles, thereby showing that adequate quantities of theseamino
acids are not contributed by the yeast normally present therein®.
The availability of these two amino acids from the proteins of dried
solubles is also of a lower order than their availability from yeast pro-
teins®,  As a source of mcthionine, the proteins of dried solubles com-
pare favourably with cascin'®,

The proteins of dried solubles are inferior in nutritive value to
casein, yeast proteins and cven comn proteins®’. The importance of
dried solubles in nutrition arises mainly from its supplementary
value, Because of its high methionine content, the proteins of
dried solubles would be a vatuable suppl to soya bean proteins®®.
‘They also suppl yeast proteins, but their suppl y value to
cotn proteins is not considerable unless fortified with yeast in sufficient
quantitics to make good their deficiency in lysine and tryptophan®.
Thus, apart from its beneficial effect on protein content and palatability?®,
increasing the yeast content of distillers’ dried solubles by suitable
fer ion methods is desirable, also from the nutritional point of
view®.

"The prep of protein hydroly from spent brewers’ grains
by digestion with 1o per cent hydrochloric acid has been reported™.

Morps (Fuxnci)

Like yeasts, molds too, particularly members of the genera Asper-
2ius'™ and Penizilliun®, are capable of synthesising proteins from
inorganic salts as the sole source of nitrogen' 2%,  But, while molds
have been used on a large scale in obtaining fats from carbohydrate,
their use for the production of proteins has not received much atten-
tion, primarily due to their inferiority in this respect to yeasts, especially
Torula wtilis', However, as many molds are capable of breaking
down cellul, and hemicellul their ploy to produce
Pprotein from mixtures of fibrous materials and inorganic nitrogenous
salts offers considerable possibilities’. Thus, as a result of growing
2 'non-pathogenic strain of Aspergillus fumi; on straw impreg d
with ammonium salts, the protein content of the mixture has been
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source of protein in human dietaries™, Supgestions have also been
made for the removal of the greater part of the purines from yeast
before use™ 3%,

Human tolerance for yeast: The limits of human tolerance for
yeast as reported by different investigators vary widely™h 19135 155,
518, from one-fourth ounce per day™™® % to as much as three ounces
three times daily™®. Consumer acceptability trials carried out in India
‘have shown that half an ounce of food yeast is the optimal daily allow-
an ce‘l”: 159.

E ics of yeast production: The ics of yeast
production has been the subject of extensive study %225 27 884145,
*%18. While yeast protein is cheaper than animal proteins 2% &
45 (with the exception of skim milk protein®), it is considerably
costlier than proteins of plant origin® 2%, The relatively high cost
of yeast protein is reported to be the main reason for the slow develop~
ment of the food yeast industry in the United States™. 'The future of
yeast as a source of protein in human diets may not be bright unless
it can compete in price with cheap protein-richfoods like soya bean and
groundnut flour ™. Various improvements have been suggested in the
proc(::s of yeast manufacture with a view to reducing the production
costs™,

DisTILLERS’ BYE-PRODUCTS: Distillers’ bye-products are the
residues obtained in the manufacture of alcohol and distilled liquors
from cereal mash after the removal of alcohol®, Their production
increased rapidly after the outbrezk of the second werld war * % and
the present annual output is estimated at over 300,000 tons 1%,
‘They have recently assumed considerable importance as an ingredient
in commercial feeds for poultry and farm animals®® ¥ and they also
deserve consideration as a protein supplement in human diets®.

In the recovery of distillers’ bye-products, the total solids of the
spent wash are concentrated and dried together to give distillers’
grains with solubles 1212 (‘dark grains™®®)., Alternatively, the soluble
and insoluble solids may be dried separately to give respectively
distillers’ dried grains (‘light grains™?) and distillers’ dried solubles's %,
‘The yield of the total bye-products per bushel of grain mixture is
ausually 16.5—17.0 pounds, divided almost equally between dried grains
and dried solubles®®. ‘The position of all these products varies
widely, depending on the type and proportion of cereal grains constitut-
ing the mash®* ™, the composition of these grains®™*, the efficiency
of fermentation ™ and the proportional content of yeast in the final
product®. While distillers’ dried grains are reported to be similar in
composition to palm kernel cake, dried solubles (which contain the
‘Bulk of the soluble nutrients derived from the cereals and yeastt™ 1% 1%
185) are similar to dried milk ¥, Ordinarily, 20 per cent by weight
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Musnirooms: Considerable quantities of mushrooms are culti-
vated in the United States and Canada'. It is estimated that over
40 million pounds of mush arc produced lly in the former
country'™, Agaricus campestris is the ial species™®,

The literature on the protein content of mushrooms shotws great
divergence?™ '®, At one extreme, they have been claimed to be an
adequate meat substitute!™ 3% 193, At the opposite extreme, Chatfield
and Adams™ have assigned a value of zero for the protein content of
tushrooms. Evidently, both these are exaggerations'™ 1 1%, The
protein content of diffcrent varieties of mushrooms ranges fromz.3
per cent to 7.2 per cent on the fresh weight basis™ 1% 1313 and from
32.5 per cent to 49.1 per cent on the dry weight basis™ #51%7, Of
the total nitrogen, 31 per cent to 37 per cent is non-protein'®® 1%,
Purified mushroom protein has 2 rather low nitrogen content (11.79
per cent)'™,

Mushroom protein is a rich source of methionine, isoleucine and
valine, but is very poor intryptophan®. Infact, tryptophan is reported
to be totally absent in certain mushrooms', The greatest concentra-
tion of amino acids is found in the stem of the mushroom, the next
greatest, on top of the umbrella and the lowest, underneath the
umbrella®,

The digestibility of the proteins in different varieties of mushrooms
varies from 45.4 per cent to 84.0 per cent'™ M #0131 The nutritive
value of mushroem protein is far less than that of casein™ * and
considerably less than that of soya bean protein™. The soluble
proteins of mushrooms possess a higher nutritive value than the
insoluble moiety'™, It has been found that for the maintenance of an
adult in nitrogen equilibrium with mushrooms as the sole source of
dietary protein, from 43 to 62 g. of the nitrogenous extractives are
required daily, corresponding to 100 to 200 g. of dried mushrooms™?.

The possibilities of growing mushroom mycelia in submerged
culture, after the hod ployed in the antibiotic industries, have
recently been i igated in detail, especially in respect of Agaricus
campestris®™ 3% and Agaricus blaxei™ (the latter, using citrus press-
water as substrate). ‘The flavour of mushroom can be varied to a con-
siderable extent by changing the conditions of fermentation®®. It
can be processed by techniq ly used for bles, like
canning, freezing or dehydration’. Processed mushroom has been
used in soups™™ %, sauces'™, gravies'™, spaghetti®® and meat dishes!®®,

BaCTERIA
Autotrophic bacteria® are capable of synthesising their eell proteins
entirely from inorganic nitrogen'® ¥,  Certain cellulose fermenting
bacteria® ¥ (Coryne-bacterium™ and Cellulomonus sp2*) can fix
nitrogen acting symbiotically with the autotrophic organisms. The
use of bacteria as 2 possible commercial source of protein has the
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rcpgrtcd to i'ncrcasc fl:om 1 pereent to 8 per cent'®, Mold (Oidium
lac.m) mycclium protein has also been obtained by the biosyn process
using whey as substrate!™,

In gcr}cml, the protein content of molds is less than that of yeasts
and bacteria®™, It varies with species®®, medial® 1% and conditions of
propagation®™ ™, from 13.7 per cent to 62,5 per cent® # 16 113
on dry weight basis. Mold mycclium contains nearly 50 per cent
more protein before sporulation than after®™ M,  The isolation of an
alkali-soluble protein resembling leaf protein in composition, from
Penicillium chrysogenum has been rcported™,  Nearly one-third of the
total nitrogen in molds is non-protein'™,

The amino acid composition of mold proteins also varies with
specics ® 1%, medium®, acration' and age of cells™ 3, Mold
proteins are rich in histidine® and, in some cases, also in lysine™™, They
are very deficient in methionine™ '™ and tryptophan'®; in fact, the
latter amino acid is totally absent in old cultures of Aspergillus flavus™™,
Penicillum notatum is richer in most of the essential amino acids (parti-
cularly histidine) than Rhizophus nigricans and Aspergillus niger™.
The histidine content of the mycelial protein increasesafter sporulation
and the mycelium contains three times as much histidine as the spores®.
Supplementation with cystine improves the nutritive value of certain
mold proteins’®, but not of others'™ ¥, presumably due to a species
difference in their cystine contents™®™® %, In fact, the proteins of
Aspergillus flavus arc quite rich in cystine!™,

The digestibility of the proteins of Aspergillus oryzae™ is quite
high, in contrast to that of the proteins of Penicillium notatum'™,
The biological value of mold proteins is also highly variablett? 168 172 176
depending on the species and the speed and conditions of propagation?t.
None of the molds is toxic!® %, The mycelial proteins of Penicillium
notatum, obtained as a residue from penicillin factories, possess a fairly
high biological value™. The protcins of Aspergillus sydows are supple-
mented to a considerable extent by casein and the proteins of whole
wheat, corn gluten feed, skim milk, egg white and yeast, and to a slight
extent, by soya bean proteins'®,  Gelatin has no supplementary value
to the mold protein!®,

EpisLe Funet: Edible fungi among which the French cepel™
(Boletus edulis) is the most highly valued specics, arc consumed in
large quantitics in different regions like Tierra del Fuego, New
Guinea, Asia Minor and Germany™, In countries with severe winters
when vegetables become scarce, fungi, collected in autumn and dried
or pickled in brine', arc consumed instead, .

Ldible fungi contain 1.0 per cent to 4.8 per centdigestible protein
on the fresh weight basis'™,  Cooked fungi are reported to be more
nutritious than most cooked vcgct:'\blc§"’ and the fungal proteins,
only slightly inferior to meat proteins in nutritive value'™.
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TABLE, XXVI
NUTRITIVE VALUE OF YEAST, MOLD AND BACTERIAL PROTEINS

Protei Nutritive Value
rotein
Level of IC .
: content: ing | Biological ™ Protein
SOURCE Nxe2s | feeing | Pioelnl of true aiel fH0CT,
% % |5 t Y1 ratio
o
Yeasts
Yeast® 5 85.5 710
Yeast, dried, rawis sor | 720
Yeast, dried, ooz)hd"' o o 37.9t 62.0
Yeuk protein (grown on
molasses)is o 70.9* o o
Baker's yeast, No, 51
(Saccharomyees’ 3 0 B Sl Bad i
cerevisiae)t
8 1.5
Baker's yeast, dricd®? 456 10 1.3
12 o . 14
Brewer's yeast (Sa:duzm-
myces cerevitiae) i1 " . 84.01 .
Brewer's yeast,
corsmercial™ 440 13 e - (3
Brewer's yeast, dried
(Flclchmmntype 2019 508 8 69.3 855 e
Brewer’s yeast, dried
(Fleichmann'sirradiated
dry yeas)® | 488 10 61.0 83.0
Drewer's yeast, No, 52 o7 8 58.4 79.9 .
(Fleichmann's stock)", = 18 e 1.7
Brewer's yeast, non- 938 5 660 91.0 .
fermentable, strain K 8 660 88.0 .-
Food yeast (Torula utilisy” | 38.0; 43.7 63.0-66 0 -
5
Food yeastl® 521 8
10 o
8 318 84.8
Food yeast, No, 1084 ., 554 1 : oo
Faod yeast, No. 1084, :
English origin™ 493 8 48.8 83.3
Food yeast, No. 3, Pueno
Rican origin™® 50.7 8 453 87.3
Food (Torula) yeasts .. 53.3 08:1.0
Food (Torula) yeast, grown
on beechwood sulphur
waste liquorlis 34.01 "
Food (Torula) yeast, gro wn
on straw hydrolysate!!%,.. 6404

1 reckoned on the scale, milk pxotem e 100.
by human

.
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following Jimitations: (7) one is not certain of their freedom from patho-
genicity'; (i) they produce obnoxious materials like indole, skatole,
butyric acid etc.'; (i#) tumover rate of proteins by bacteria (especially
soil or water borne, the ones most likely to be useful) is very slow,
being of the order of several weeks in contrast to the few hours in the
case of yeasts'; and (i) protein yields are also quite low as compared
to yeasts'™, Although bacteria of the type of azotobacter are of great
value in fixing organic nitrogen in soils?, their use as a direct source
of dietary protein appears doubtful, unless the speed of synthesis® 2
and yields™ are considerably improved. .

The protein content of bacteria differs with species®, varying fro;
24.7 per cent to 82.4 per cent™ % 8 3% Egrhorichin coli is a parti-
cularly rich source of protein (82.4 percent)®, Different strains of
azotobacter have protein content ranging from 24.7 per cent to 6r.2
per cent®,

It is 2 moot point as to whether species makes a difference to the
amino acid composition of bacterial proteins®™ % . According
to Stokes and Gunness®, proteins of E. col are richer in most of the
essential amino acids than those of Bacillus subtilis and Staphylococeus
aureus, Bacterial proteins are, as a class, rich in isoleucine®. The
proteins of S, aureus are particularly rich in lysine®® and those of {butyl}
fermentation residue, in methionine'. The gram positive cocci are
reported to contain only about half as much arginine as the gram negative
bacteria'® 17, The amino acid composition of the proteins of
Lactobacill®™, E. col™ ¥, B, subtili® and Aerobacter aerogenes’™
is not affected by the composition of the medium, while the presence or

b of gl in the medium makes a considerable difference to the
content of some of the essential amino acids in the proteins of Strepto-
myces griseus™.

Bacterium coli, killed by heating at 80° C for 1-hour, isreported
to be quantitatively equal to fish meal as a protein supplement for young
rats™, The innocuity of the suspension of B. coli has been shown in
experiments with more than 600 animals fed with it The ability
of B. coli protein to promote growth is reported 'to be even greater than
that of the conventional animal proteins’. However, the possibility
of using bacteria as a direct source of protein in human dietaries still
remains to be determined by careful experimentation.’ .
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TasLe XXVI. Nutritive Value of Yeast, Mold and Baterial Proteins

Prot;in L Nutritive Value
. evel of | R . T
SOURCE content: | {005 g | Biologica) [Coeficient] p [ -
Nx6.25 % Valne | oftrue di-l gciency-
% o gest%)lhty atio
Food (Torula) yeast, grown
on wood sugari!? o . - 33.0¢ .
Food (Torula) yeast, grown 53.2 13 . 0.6-0.7
on black strap molasses® 21 .- 0.8
Food yeast, dried
(Tamlopm lipofera)® ... 36.6 12 o s 09
Food yeast, cultured, non- 44.8 5 70.0 910
fermentable, strain G*... 8 68.0 96-0 .
Food yesst, cultured, s 86.0 92.0 .
non-fermcnuble, 479 8 82.0 91.0 e
strain 90 “ 10 76.0 87.0 .
Food yeast, cultured, 5 89.0 91.0
non-fermentable, strain 45.4 8 790 88.0 e
00 . 10 73.0 88.0 .
Food yeast, cultured, 51.8 5 720 92.0
non-fermentable, strain 8 730 88.0
300
Food yezst, dried, low in .
purinest’ 52.00
“Kitchen food"” yeast!® .. N 87.0% 87.0* .-
Distillers® dried solubles® 371 10 53.0 84.0 .
Molds
Biosyn™? <o . 53.0¢ . v
Mushroom, edible
A,ganou.r campestris)¥ . 710 .
Mushroom, edible, freshi®s | 22;3.5 | 3 - o3
Mushroom (different sp.)!*t . . a. 72.0-83.0 e
Mycelia from
Aspergillus oryzae™ ... o wor 44.0% P P
Mycelia from
Penicillium notatum'™ 27.0-31.0 10 59.8 58.0-59.0 an

4+ reckoned on the scale, milk protein = 100.
® determined by human metabolism experiments.
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Tavte XXVI. Nutritive Value of Yeast, Mold and Bacterial Proteins

¥

Nutritive Value

Protein Level of T "
SOURCE contents | FEG O | Biologicat [Cosfelent] pyein
Nx625 | ferg Velue | of ttediv rciency
X % th .
o % gcst‘l;lhty ratio
3
Food (Torula) yeast, grown
on wood sugari!* . - - 33.0¢ " .
Food ( Torula) yeast, grown 13 . .- 0.6.0.7
on black strap ‘molasses™ 532 21 e e 0.8
Food yeast, dried
(Torulopsis lipofera)®® ... 36.6 12 .. 0.9
Food yeast, cultured, non+ | 44 ¢ 5 700 91.0 o
fermentable, strain G*... 8 68.0 96.0
Food yeast, cultured, 5 86.0 92,0 e
non-fermentable, 47.9 8 82.0 91.0 e
strain 90% " 10 76. 87.0 .
Food yeast, cultured, 5 89.0 91.0 o
non-fermentable, strain 45.4 8 79.0 88.0 e
So0m 10 730 8.0
Food yeast, cultured, 51,8 5 72:0 92.0
non-fermentable, strain 8 73.0 88.0
3005 )
Food yeast, dried, low i .
purinest®s | 52,00 .
“Kitchen food"" yeast!® ... e 87.0* 87.0% v
Distillers” dried solubles® | 37.1 10 53.0 84.0
Molds
Biosyntt* 53.0¢ .
Mushroom, edible
(Agaricus campestris)s0 710 .
Mushroom, edible, freshitt | 22;35 | 8 - o3
Mushroom (different sp.)'" 72.0-83.0 -
Mycelia from
Aspergillus oryzae® .| e 4401
Mycelia from
Penicillium notatum™™ 27.0-31.0 10 59.8 58.0-59.0

1 reckoned
- )

on the scale, milk protein = 100,

d by human
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OF YBAST, MOLD

AND BACTERIAL FROTEINS

Acips Method
N of
Phenyl- Cystine | M ethios |ortreonine] Leucine |Isoleucine| Valine | Estima-
alznine A nine % ©, 2, % tion®
o % o 2 % 2 A
s 7.3 5.8 57 w
5.0 13.2 34 44 MM
3.3 T4 59 5.0 MM
5.5 7.5 6.0 5.8 MM
55 74 59 50 MM
e . . o P <o (o)
4.2 .. 51 75 9 5.5 M
22 : 41 51 .8 4.8 M
30 ! 3 5.1 6.8 -5 51 MM
39 . 3 20 44 47 MM
e e »es . . . . c
3.8 . 1.2 4.3 68 4.5 5.0 M
s . 1.7 o o e o M
s - 1.0-1-6 - o M
e ave " e c
l-; 14 75 45 9.4 cC
14 e " oo e
2.7 56 6.1 58 4.7 MM
28 5.7 8.0 62 46 MM
vor e . - - c
4.4 v 14 51 1 42 5.4 M
20 2.0 v e 5.0 o 10.0 v
3.6 e 2.3 51 7.8 60 6.4 MM
s o 1.4 o . o s C
4.1 0.9 27 6.0 81 6.2 54 MM
42 0.9 26 53 74 56 59 MM
1.9 o 21 1.4 7.5 4.5 9.4 cc
o o4 11 . . . c
4.4 1.0 27 52 85 6.0 48 MM
40 1.0 27 60 73 5.5 4“6 MM
45 0.9 28 5.3 71 60 47 MM
4.5 12 27 55 73 60 5.3 MM
M: ; MM: Miscell ).
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TABLE XXVII. AMINO ACID COMPOSITION

AMINO

Protein
SOURCE
content | Arginine

Trypto-
% o phan

Histidine| Lysine (Tyrosine
% % % %

Yeasts

Yeast® .
Yeast?
Yeast?® s
Yeast™t
Yeast, average of 8 strains®
Yeast, dried, for human
consumpnon“’ e
Yeast, dried, irradiated® ... | 350
Yeast, purine-free®? .
Yeast, autolysed? 371
Yeast extract (liquid)® ... v
Yeast foam?0?

pad
o«
=

=]
Nr20®w NPuap

LLLRER

&
o L

FLBORn AP ah
BEHEn Lhahn
OHMLNE UG
NULEBNA 0D iodarm
5505&k SPhni
LB b hbhon
R R i T e
RN NN da i

P

Saccharomyces
cerevisiae’ . 559
Saccharomyces cerevisiae,
F-53, grown on beet
molasses medium® .| 319
Saccharomyces cerevisiae,
F-53, grown on beet
molasses medium with the
addition of ammonium
salts to the medium® ., [42.5-58-1
Saccharomyces
carlsbergensisioz

1.1

IS
&

»
ES
tn
&

Baker’s yeast, D.C.L.
(Saccharomyees cevevisiae)t | 463

Baker’s yeast, strain No, 51 |  47.3

Baker’s yeast, strain A.M.™ 494 3.5

Baker’s yeast, strain A.M.,” 47.5

Baket’s yeast protein, alkali-
soluble®

Brewer's yeast (Sauharo-
myces cerevisiae)”® .

Brewer’s yeast®

Brewer’s yeast%

Brewer’s yeast. strain
No. 52¢%

w
in
»
o
o
4
?
19

Wit
&%t
on;
oot

I T TN
Nl & dade*

L
SO
R
222
(%]
3

Brewer’s yeast, strain B ...
Brewer’s yeast, strain By®... | 43.9 4.7
Brewer's yeast, Fleischmann

s
Lo

6.1 3 35 '§:'% g g
typet M osas | 50 | 41 | 67 | 41
Brsffmgem deied, sts | so | 1s [ 62 | 35 | 07
B e smin G, 520 5.2 27 6.8 35 14
B'ﬁ?ﬁﬁfa}e’;ﬁ" swain Sul s | 43 | 28 | 76 | 36| 12
Brewers Yean e Bl s 53 30 67 3.5 15
Brewer's yoast (Horsis 31 33 | 71 | 38 12

® (C: Chemical; CC: Chromatographic;
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of Yeart, Mold and Bacterial Proteins

Actps

Method
Phenyl- Methio- . . B -
i | cpatine Thrconine| Leseine | lolsucine| Valine s
Hegioe l % % % % tion
03 c
e e c
46 MM
17 o3
24 0.4
29 I MM
P . A
.. c
e M
M
10 c
- c
c
c
56 - M
61 " M
52 M
4.4 . M
s " A
50 A
5.6 .
b M
2.8 6.7 cc
2.0 133 cc
27 M
31 M
2.5
: M
29 A
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TasLx XXVIL Amino Acid Composition

AMINO
SOURCE plitien
content . .-
ym Arginine |Histidine] Lysine |Tyrosine Ttgpto-
o () ) o 9 phan
% % % % %
Brewer’s yeast protein,
alkali-solublett e o 2.8 trace " 43 39 17
Food ywst, No, 1084 (Torula
utilis 553 e e v o —
Food yem (Torulopsis
utilisp . o 8.6 2.8 68 0-8
Food yeast protein®™ | 437 11 0.4 1.2 1.3 0.8
Protein from Torula candida
arborea™ .. 46.3 14 0.4 1.5 17 0.8
Kitchen food yeast™ 41.3 4.0 2.3 8.0 34 1.2
Kitchen food yeastt . e 7.0 2.8 6.3 . 32
‘Top yeast, Dutch'® . . .9 2.0 6.4 29 .
“Top yeast, grown on wort® | ... e | 2528 | 6871 -
‘Top yeast, gmwn on erti-
ficial medium® o - . 2.2-3.4 | 6.6-8.8 o
Distillers’ bye-products
Distillers’ dried solubles$,.. 40.4 27 1.5 35 5.0 0.5
Corn distillers’ dried
graing®? 33.3 - o .
Corn distillers’ dned grams
with solubles?s? P 322 . e . .
Corn distillers’ dried
solublegi®d 2&4 e s
Corn grains with soluble: 2.5 2.2
Corn solubles*® .- 27 S 2.5 22
Milo grains with solubless® 363 2.8 2.5
Rye grains with solubles®® 319 2.2 1.6
Rye solubles®® 400 2.0 1.5
‘Wheat grams with
soly 33.8 4.1 2.4 3.0 1.8
Whext-M lo grains with
solubles®® 31.9 3.7 2.5 31 2.5 0.9
Wheat-Milo solubles® 306 3.9 2.3 26 2.0 0.7
Molds
Aspergillus flavus protein,
By of imevbation® .. 4.8 . 24 | 70 -
i1 tein,
ot et | o | 34 | e | 108 | 76 | .
A?ﬂgtl{m riger, whole 126 32 2.8 32 . 08
4 illus niger, mycehum,
’fﬁ_g;e sporulation® e 476 5.5 2.5 57 11
Aspergillus niger, mycel lum; 1.0
. 312 4.5 4.9 3.8 o
after sporulation®® 34t 31 16 78 " 1.0

Aspergillus miger, spores™® ...

* denotes presence.
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of Yeast, Mold and Bacterial Proteins

ACiDR Method
of

Thenrl- | Cyatine | Methio- Threonine] Leucine |Isoleucine| Valine | Estima-
wnine | C73 nine o o o £ tion

o % i i | % % A

ot 69 151 9.3 M
10 10 36 5.5 32 39 M
22 0.9 26 4.0 22 3.0 M
3 7 35 3 M
33 21 39 7.8 46 5.5 M
28 14 38 5.9 5.6 52 M
35 X1 a7 68 62 58 M
4.1 1.3 4.9 75 70 6.8 M
27 10 33 51 “ 46 M
. . - c
42 M

. c

C

3 M

37 . . c
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Taste XXVII. Amino Acid Composition

AMINO
Protein
SOURCE
content | Arginine | Histidine| Lysine |Tyrosine T’{,"""
% % % % % | P
o
Mushrooms, fresh (Agaricus
campestrisysh e 35 58 = . 0.1
Penicillium notatum’ o 383 37 44 - 40 e 1.3
Rhizophus nigricans® .| 363 3.3 27 4.4 0.7
Bacteria
Aerobarter aerogenest® ... 52 2.0 57 3.0 .
Bacillus brevisi®? us 5.0 1.5 6.6 4.5 e
Bacillus subtilis®® 62.9 3.8 14 5.4 vee 0-6
Bacillus subtilister . "o 3.8 15 6.3 31 e
Escherichia coli® e 82.4 52 1.5 5.5 es 1.0
Escherichia coli'® .- o 52 1.9 62 3.0 .
Lactobacillus arabinosus™¥ ... 63.0 3.3 1.7 5.2 0.5
Lactobacillus casep™ - 46.8 3.6 1.9 77 04
Loctobacillus fermenti®™? ., 87-4 4.8 2.4 6.9 0.6
Lactobacillus pentosus™ ., 60.9 3t 15 46 o 0.3
Proteus vulgarist** - 39 26 5.3 44 .
Staphylococeus aureus® ... 67.2 34 1.1 7.7 e 0.3
Staphylococeus qureust®? | e 24-2.5 | 0.7-08 { 7.7-8.8 | 22-3.6 .
Streptococeus facealin®™ ., . 2.7 12 6.4 7 P
Streptomyces griseus® e 56.8 5.1 1.5 39 o 12
Fermentation residue
(Butylyi™ .| 264
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SUBJECT INDEX oL

A
Aconite bean, 40, 16
Acorn, 104
Adsuki bean (Phaseolus angularis) 37
Aerobacter aerogenes, 270, 278
Agathi seeds (Sesbania grandifiora)
35, 36, 40, 46
Alaska pea, 37
Alfalfa (see also lucerne) z21, z22
Alfalfa seeds, 46
Algae (see also Chlorc!la and sea weeds)
245

— fresh water, 245, 252, 254

-- miarine, 248, 252, 254
Almond, 99, 102, 104
Amandin (almond protein) g9
Amaranth, 110

— leaves, 111, 114
Annual rye grass, 226
Aparajita leaf (Clitoria ternatea) 230
Apple (Baldwin) 107, 114
Arachin, 79
Ascophyllum nodosum, 252, 254
Aspergillus flavus, 268, 276
Aspergillus niger, 268, 276
Aspergillus oryzae, 268

B
Bacillus brevis, 278
Bacillus subtilis, 270, 278
Bacteria, 270, 278
Bajra (Pennisetum typhoideum) 9, 11, 22
Bamboo seeds (Bambusa arundinacea)
7, 11, 22

Banana, 107, 114
Barki (Themeda tremula) 226
Barley, 7, 9, 11, 22

— grass, 234
Beech mast, 83
Beef, 152, 156

— organs, 147, 148, 154, 158
Beet leaf, 230

— spinach, 230
Bengal gram (see also chick pea) 36-38,

40, 46

Bent grass, 234
Blackeyed pea, 40, 46
Black gram, 37, 38, 40, 46
Blood, 149, 154, 158
Bracken, 234

Brazil nut, 100, 102, 104
Bread, o
Brinjal, 110, 116 -
Broecoli, 110, 116
— leaf, 230
Buckwheat, 11
Burma bean, 38
Burr medic (Medicago denticulata) 230‘

C
Cabbage, 111, 124
Cana Uba grass, 227
Canihua, 7, 8, 22
Carrot, 110, 116
Carrot leaf, 232
Casein, 121, 123, 125, 130, 134
Cashew nut, 100, 102, 104
Casilan, 125
Casinal, 125
Castor bean, 77
leaf, 232
Caulerpa, 254
Cauliflower, 110, 116
Celery, 109
leaf, 232
Cereal grass, 240
Chakur manis (Sauropus androgymusy
116
‘Channa,” 129
Chantkata leaf (Cassia sp.) 232
Cheese, 124, 129, 134
Chick pea (see also Bengal gram) 38, 30
Chicken feathers, 151
— meat, 147, 148, 152, 156
Chicory leaf, 232
Chinese leafy vegetables, 110
— tallow nut, 100, IOI, 10§
Chlorella sp. 245-248, 252, 254
Chondrus crispus, 250, 254
Clover, 232
Cluster bean, r10
Cocksfoot grass, 227, 229, 234
Coconut, 78, 84, 88
Codsum, 254
Cohune, 104
Collagen, 150, 160
Colocasia, 108, 114
Colostrum, 123, 123, 132, 136, 138
Conarachin, 79
Connective tissue, 150, 160



Com (maize) 7-10, 11, 22
Coroso oil mesl, 83

Cotton seed, 78, B, 88
Cow pes, 37, 38, 41, 46
Crested dog's tail grass, 236
Custard apple, 107
Cystoseira, 254

D
*Dahi’, 124, 129, 134
Deccan grass grains, 7
Dhurba grass (Graminae) 226
Distillers’ bye products, 266, 272, 276
Draw moss grass, 236
Drumstick bean, 110, 116
~ leaves, 109, t1o, 112, 116
Duck egg white, 169, 170, 172, 174

E
Edestin, 83
Egg (hen's) 167, 71, 174
— albumin, 168, 172, 174
— white, 167, 168, 171, 174
— yolk, 168
Egregria, 254
Egyptian balsam fruit, 83
— = geed, 92
Elastin, 150, 160
Elephant grass, 227
Elephant yam, 108, 114
Elodea, 247, 252
Elodea canadensis, 246
Enteromorpha flexuosa, 249
Enteromorpha intestinalis, 256
Escherichia Coli, 270, 278

¥
Fagine, 83
Fenugreek leaves, 10
Fescue, 236

Fibre hemp seed (see also edestin) 83
Field bean, 37, 41, 46, 110

Filbert nut, 101, 102, 104

Fish, 179

flour, 186

fresh water, 190, 199, 204
hydrolysates, 187

marine, 191, 199, 204

meal, 181, 185

pastes, 187

Dreservation, 183

products, 185, 195, 201, 208
proteins, 180, 181, 182, 200, 206
sauces, 187

stickwater, 183
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Flat peas, 39

Fruits, 107, 111, 114
Fucus, 254

Fucus vesiculosus, 250
Fungi, see Molds

G
Gandal leaf (Paedersa foetida) 232
Garden pes, 109
Gelatin, 150, 154, 160
Ghotrichia, 256
Goat meat, 153
Gossypol, 78
Guins, 7
Grain Sorghum, 13
Grasses, 226, 229, 234
Grass juice factor, 227
Green gram, 37, 38, 41, 46
Groundnut {Peanut) 79, 85, 90
— leaf, 223, 232
Guar bean, 37
Guatemala grass, 227
Guinea-fowl egg white, 170, 174

H
Hair, 162
— hog's 151
Ham, 153, 156
Hemp seed, 92
Herring protein, 187
Hoof proteins, 150, 162
Horn, 162
Horse bean, 36, 37, 42, 46
— gram, 37, 38, 42, 48
— meat, 147, 153, 156
Human musele protein, 156

§
Ipomoea leaves, 110, 112
Ttalian rye grass, 226

¥
Jack bean, 37, 38
Jack seed, 116
Jowar, 7, 13, 22

X

Kale leaf (Brassica oleracea) 232
Kamala seed (Mallotus philippinensis) 83
Kaotiang (Sorghum vulgare) 13
Keratin, 150, 151, 160
‘Kheer', 121, 122, 124, 129
Khesari dhal (Zathyrus sativus) 37, 30,

42, 48 g



‘Khoa’, 122, 124, 120, 134
Kidney bean, 37, 42
Kodra {Paspalum bicul 22

Molinia grass, 238
Mucuna seeds, 38

Kohlraby (Brassica oleracea caulorapa)
110
Kralex, 134
Krill, 188, 189
Krishnachura leaf (Caesalpinia pul-
cherrima) 232

L
Lactalbumin, 123, 127, 131, 134
Lactobacilli, 270, 278
Lactoglobulin, 134
Ladies fingers, 110, 112
Laminaria, 252, 254
Lathyrism, 39
Leafy vegetables, 111, 114, 115
Leaves, 222, 229, 230
Legumes, 35
Lentil, 36, 37, 42, 48
Lespedeza, 37
Lessoniopsus, 254
Lima bean, 36, 43, 48

— — leaf, 223, 232

Linseed (flax seed) 81, 87, 90
Lucerne (see also alfalfa) 222, 229, 230
Lupin seeds, 35, 36, 43, 48

M

Meacrocystis, 254
‘Mammalian muscle, 147, 152, 156
Manketti fruit, 83
Meadow grass, 236
Meat, 147

~— amphibian, 156
avian, 152, 156
offal, 149, 154, 158
reptilian, 158
Mezican cereal foods, 8
Milk (cow’s) 121, 128, 132
ass’s, 122, 123, 136
buffalo’s, 122, 123, 131, 136
camel’s, 122
ewe’s, 122, 123, 136
fermented, see ‘dahi’
goat’s, 122, 123, 131, 136
human, 122, 123, 136
maxe’s, 122
sow’s 123, 138
Millet, 33
Milo, 22
Minor nuts, 101, 04
Minor oilseeds, 83, 92
Molds (Fungi) 268, 272, 276
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Mush 269, 272, 278
Mustard green, 110
Myriophyllum, 247, 252

N
Navy bean, 37, 48
Niger seed, 92
Non-leafy vegetables, 112, 116
Nuts, g9
o
Oats, 7, 13, 24
— grass, 238
Oat leaves, 224
Oilseeds, 77
Okra (Hibiscus esculentus) 130, 136
Ovalbumin, 167, 174
Ovoconalbumin, 174
Ovoglobulin, 174
Ovokeratin, 174
Ovolivetin, 174
Ovomucoid, 174
Ovovitellin, 174

P

Palacio bean, 48
Palm kernel, 81, 9z
Palmyra fruit, 107, 117
Papaya, 112

— green, 110
Partridge pes, 37
Pes, 35-38, 43, 48

— leaf, 234
Pecan nut, 101, 102 R
Pelvetia canaliculata, 252, 254
Penicillium notatum, 268, 278
Phytoplankton, 251
Pinto bean, 37, 50
Plantain, 116

— leaves (narrow leaved) 234
Poppy seed, 81, 82, 87, 92
Pork, 153, 156
Porphyra laciniata, 251
Porphyra tenera, 249, 252
Potato, 107, 108, 111, 114
Prairie hays, 226
Proteus vulgarss, 278

Q
Quinoa, 7, 8, 14 24

R
Radhachura leaf (Poinciana regia) 234
Ragi (Eleucine coracana) 7, 9 14, 24



Rajkeera (Amaranthus paniculatus) 7, 8,
14, 3
Rala (Setaria stalica) 14, 24
Rami leaf mesl (Hoehmeria nivea) 213
Rape seed, 82
Red gram (Cajanus cajan) 36-38, 44, s0
Rhodymenia palmata, 250, 253, 2506
Rhubarb lesf, 234
Rice, 7+10, 14, 24
=~ brnan, 10
Rutabaga leaf, 234
Rye, 8, 16, 24
Rye grass, 238

S
Safflower seed, 82, 87, 92
Sainfoin leaf (Onobrychis sativa) 234
Salmon roe, 170, 174
Samai {Panicum miliare) 26
Sargassum, 254
Scenedesmus obliquus, 247, 252
Scleroproteins, 150
Seaweeds, 249
Serum proteins, 160
Sesame seed, 82, 87, 9z
Sesbania leaves, 109, 112
Shellfish and crustaces,
Singletary peas, 39
Skim milk, see under milk
Snap bean, 36, 44, 50
Sonali leaf (Peltophorum ferrugineum)
234
Sorghum, 26
Soya bean, 57
— curd, mlk and sauce, 59
Soyin, 58
Sparzow protein, 148
Spear grass, 226
Spinach, 109
leaf, 223, 234
Staphylococeus qureus, 270, 278
Stoolbent grass, 238
Streptococcus faecalis, 278
String bean, 36
Stroma proteins, 160
Subtersanean clover, 36
Sunflower seed, 82, 87, 92
Sweet com, 130, 116
Sweet cream buttermilk, 124, 125
Sweet peas, 30
Sweet potato, 108, 111, 114
Sword bean, 38

194, 200, 206
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T

Tapiocs, 108, 114
~ leaves, 222,223,224
‘Tenai (Setaria italica) 26
‘Timothy grass, 226, 238
Tobacco leaf, 225
‘Tobacco seed, B3, 87, 92
‘Tomato seed, 83
Toowamba canary grass
tuberosa) 240
Trefoil, 229
Trypsin inhibitor, 58, 8o
‘Tuberin, 107
Tubers, 107, 111, 114
‘Tufted hair grass, 226
Turnip greens, 222
— leof, 234

Turtle egg yolk, 170, 174

U
‘Ukrainian beans, 35
Ulva, 256
Ulea pertusa, 249

v

{Phalaris

Vallisneria, 247
Vegetables, 108, 111, 114
Velvet bean, 37
Vetch, 37
Vitellin, 174
. Y w
Walnut, zo1, 102
Water chestnut, 101, 102
Water cress, 110
‘Whale meat, 188
WWheat, 7-10, 16, 26

— bran, 10

— germ, 9
Whey, 122, 129, 134
protem, 131, 13¢
White sweet lupin, 36
Wild white clover, 229
Wool, 162

Y
Yarrow leaf, 234
Yeast, 261, 271, 274
—  baker's, 263, 271, 274
~—  brewer’s, 261, 263, 271, 274
— f{ood, 264, 271, 274
Yorhshite fog (Holcus lanatus) 240

z
Zein, §
Zooplankton, 188, 185
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