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Arraoteu the majority of the amino acids were discovered prior to
1900, very limited data exist concerning their relative distribution.
Consequently there has heen little appreciation of the fact that the
natritive value of a protein depends upon the kind and quantities
of ils component amivo acids. It is, therefore, not surprising that
the protein requirements are most generally expressed 1n terms of
auntounts of digestible protein without any reference to the differences
in quality. Iowever, the biological value ot profeins, as developed
by Mitchell (1929), takes into account the qualitative differences
exisling amongst proteins, since 1t measures the magnitude of
absorbed nitrogen actually utilized by the body. 1t 15, therefore, a
necessary  and  essential measure in the culeulation of the netd
efficiency of different proteins for waintenance, growth, ete.  Two
proteins may contain the same amount of digestible protein, the only
difference being, that one has a biological value of 40 while the other
has a biological value of 80. Disregarding qualitative diffevences one
would feed exactly the same amount of the two digestible proteins
to cover a specific need of an animal. However, when the quality
of these two proteins 1s taken into consideration, it 13 obvious that
only half the amount of digestible protein of the latter protein 1s
necessary to fulfil the same funetion as the full amount of the
former.

While the biological value actually takes into account the
deficiencies of indispensable amino acids 1n the protein molecule,
it does not supply divect information as (o the nature of such
deficiencies.  In order, therefore, 1o accomplish supplementation
judiciously, thereby enhancing the quality of deficient proteins, it
becomes 1mperative that the nature of the amino acid deficiencies
prevailing in our feeds should be determined.

Unfortunately no direct and suitable method of determining the
amino acid content of feeds is available. Chemical analysis is not
only handicapped by laborious, and in many ways incomplete,
methods of determination, but also by the fact that suech figures,
while indicative, have no actual biological significance unless thev
are tested out on animals.  As a result the method most generally
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employed s very indivect and of the ** Jut and wiss 77 {vpe, by which
different amino acids suspected to be deficient are incorporated with
a protein and the effect studied by differences 1m growth response
under controlled conditions.

Rose (1935, 1937), through his extensive studies, has in recent
vears considerably augmented The existing list of mdispensable amino
acids. Apart from threonine (o amino /8 hydroxy butyrie acid) no
new indispensible amino acid has been added. However, valine,
phenylalanine, leacine and isoleucine, which have in (he past been
considered  dispensable are now eclassified by Rose  (1937)  as
indispensable, making the problems of determining the amino acid
deficiencies in feeds even move complicated.

As far back as 1915 Oshorne and Mendel (1915) demonstrated
that l-cvstine supplements stimulated the growth of rats on a casein
containing diet of low sulphur. Since then many 1mvestigators have
contributed confirmatory evidence of the indispensability of cyvstine.
Johins and TFinks (1920) found that the addition of cystine to diets
containing phaseolin markedly 1mproves the nutritive quality of
this protein. Similarly Sherman and Merril (1925) found that
cystine enhanced the growth promoting power of whole milk powder
overdiluted with starch. Mitehell and Smuts (1932), in their studies
on meat protein, showed that while 20 per cent. meat protein was
adeguate 1n eyvstine, a significant stimulation of cyvstine on growth
occurred when this protein constitutes 9 per cent. of the ration. The
same workers (19235 ), ay well as Shrewshury and Bratzler (1933), and
HMayward, Steenbock and Bohstedt (1936), found that (',yh‘tlll(‘, was the
Lmiting anino acid v sovabeans. Indeed, so marked 1s the growth
response of rats 1o the inclusion of cystine in an otherwise adequate
ration that Sherman and Woods (1925) actually employed 1t as a
method for qlmntita‘[ive determination of this amino acid. Recently,
however, Rose (1937), Beach and White (1937), and Baernstein have
produced evidence ah()\\‘lllg‘ that 1ne1hlonlne instead of evstine is the
indispensable amino acid.  Such evidence must await further
confirination, since 1t may be possible that these two amino acids
may have 2 reciprocal funetion in nutrition.

By using Zein as the sole protein m a ration for rats, Osborne
and \[ondel (1914)  demounstrated 1n a  decisive manner ihe
indispensability  of {ryptophane and lysine.  The addition of
tryptophane to such a ration satisfied the malntenance requirements,
but growth was actually only attained when lysine was incorporated.

Several 1nvestigators found soyvabeans deficlent in cystine. How-
ever, the Mlpplemen’mjv effect of this amino acid on sn\ahean protein
was repeated, since the possibility existed that all \Spt‘(l(‘\ were not
necessarily deficient in eystine.  Morris and Wright (1933) found
peanutmenl deficient in lysine for milk production, Wllll(‘ Johns and
Jones (1917), by means of chemical analysis, found no such deficiency.
Consequently Ivsine appeared to be a possible llmiting factor in the
protein of peanutmeal. No indication of any definite amino acid
defictency 1 linseedmenl and coprameal was available, so that
cystine, the most easily available amino acid, appeared to be the most
reasonable to try.  The outcome of these different tests is veported
below.
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FEXPERIMENTAT.

The protein feeds which were of an average commercial quality,
were finely ground and mixed with the rest of the ingredients of the
ration so as to give approximately 3-10 per cent. of protein. The
amino acids were incorporated at the rate of -20 per cent., veplacing
an equivalent amount of protein nitrogen. These amino acids were
carefully mixed with the vest of the rvation so as to ensure
homogeneous distribution.  The pereentage composition of the rations
is given in Table 1. The paired feeding method was used throughout
these studies.  Tn some cases more than six pairs of rats were used,
but never less. The two rats of each pair received tdentical amounts
of food, the supplemented ration in one case and the nnsupplemented
ration 1n the other. Continuous records were kept of all refusals of
feed, which necessitated a reduction in the amount weighed outl to
both members of the pair. Rats were paired according to age, sex,
litter and weight. Irequently rats weighing more than the required
weight (GO gms.) had to be used due 10 scarveity of rats. Body weights
were taken weekly and the initial and final weights were the average
of three conzecutive daily weighings.

Resvirs.

The rvesults of the paived feeding experinents are summarized
in Tables 2 and 3. Any significance attributed to treatments must
naturally be based on the differences in total gains of pair mates over
the experimental period. The size of these differences and the
consistency with which they appear determine the probability of the
conclustons that they favour. The statistical analvses were performed
i accordance with the method of Student (1908) for the interpretation
ot paired experimental data. These caleulations are summarized in
Tahle 4. The probability () 1s obtained from the ratio of the mean
difference between pair mates to the standard deviation of differences
and by the number of observations.  The value of P natarally
indicates the significance of the outcome of a treatment. Hence 11 P
is equal to 01, 1t may for all practical purposes be concluded that
the result obtained is due {o the treatment applied and not 1o a
fortuitous outcome due to chance. The greater I' becomes the more
likely i1t 1s that the outcome 13 due to chance alone.

The supplementing effect of tryptophane on peanutmeal Tias been
tested out on 9 pairs of rats.  As will be seen from these results
tryptophane supplementation had no etfect on the growth prowoting
properties of peanutmeal, since outl of the 9 pairs in the comparison
T favoured the wnsupplemented ration, while only 2 favoured the
supplemented ration in total gains in weight. In fact, the probability
P strongly favours the unsupplemented ration, indicating that the
addition of tryptophane had in all probability exerted a depressing
effect on the ration.

In the case of peanut meal supplemented by lysine negative 1esults
were also obtained. Out of the 11 pairs in the comparison, 6 favoured
the unsupplemented and H the supplemented ration in total gains in
weight. The probability P of -28 for the comparsons of total gains
is so large that chance alone might well have determined the outcome.
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This finding 1s not 1n agreement with thal of Morris and Wright
(1933), who found peanutmeal sertously lacking in lvsine for milk
prodaction.  However, il is quite possible that milk production calls
for an increase of quantity of this amino acid so that peanutmeal may
under these conditions be short of lysine.  On the other hand, Johns
and Jones (1917), by means of chemical analysiz, found no deficiency
of Ivsine in the proteins of peanutmeal.

When peanutineal 15 supplemented hy cystine the result 1s
negative.  Althoneh 5 of the 6 pairs show o greater total gain in
weight when eystine is incorporated, these gains arve not large enough
to make the difference statistically significanti.  The prebability s
equal to -157. & value which is far greater than ithe accepted standard
of stgnificance.  Tnder these conditions 1t must be concluded that
chance alone could have produced the outcome. Tf, however, pair 1
is onmitted then cvstine supplements peanutmeal significantly.  After
our results had been obtained Beach and White (1937) and Baernstein
(193%) showed that wmetheonine was the Hmiting amino acid n
arachin, one of the proteins of peanut.  Conarachin  the other
protein, is apparently  complete.  Hence it would appear that
methionine 1s the Umiting indispensable amino acid in peanutnieal.

In Table 3 the supplementary effect of cvstine on coprameal,
linseedmeal and sovabeanmeal has been summarized. Of the 6 pairs
of rats on the coprameal and coprameal supplemented by cvstine,
S favoured the supplemented and 3 the unsupplemented rvation as
recards tofal gain 1m weight.  Tn the 42 weekly comparisons of gain
1 welght, rats, on the supplemented ration, gained 20 times and
those on the unsupplemented vation only 16 times.  However, the
probability T, that the greater gain of the supplemented ration has
heen a chance ovtcome is - 118, a value several {tmes ereater than the
critical value of <03, T( is, therefore, concluded thut the difference
in total gain cannot be atfributed to the effect of cystine.

In a comparison of linseedmeal with linseedmeal supplemented
by cvstine, 5 out of the G pairs favoured the supplemented ration in
total guin.  The probability (P) that this difference in total gains
is due 1o chance is only 028, which means that the chances are
approximately 34 to 1 that chance alone would have bronght ahout
such a resull. 1t is clear, theveforve, {hat cystine has exerted a
supplementing effect on the proteins of linscedmeal.

That cystine has a definile, supplementary effect on the proteins
of soyvabeans is seen from Table 3. Of the 6 pairs in the fest all
vesponded to treatment of cyvstine and outgained by far fhenr pair
mates on the unsupplemented ration.  The probability T that this
result 1s due to chance is equal 1o -0007, which clearly demonsirates
that thix outcome is exclusively due to the melusion of exstine in the
ration.

STannwry AnD (CONCTLUS10NS,
By means of the paired feeding method, the possible indispeusable

amine aeld deficiencies of peanutmeal, coprameal, linseedmeal and
sovabeanineal have been Investigated.
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1t has been found that peanutmeal is not deficient in cysiine,
trvptophane or lysine, but may be in the light of investigations which
appeared after the work had been completed, deficient in methionine.
Coprameal 1s not deficient in cystine, while linseedmeal and
sovabeanmeal are definitely deficient in cystine,
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