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[N o previous paper (19385), it was pum’red out that the nature of the
amino acid deficiencies in natural protein feeds 15 an essential factor
in the qualitative selection of protein mixtures; that there exists
no direct method of determining the nature of these amino acids
and that the chemical analyses may reveal to some extent the value
of a protein, but are of no actual biological significance unless
correlated with the biological requirements of the animal. Mitchell
(1938) fully endorsed this statement on the value of chemical
analyses.  Ile states °° that even with all the chemical and
biochemical information hefore us, the quantitative evaluation of
protein diversities in nutritton would not be solved Dbecause the
information neglects the animal

It appears that > best method at present 1o study the nature
of the amino acid deficiencies in protein feeds is to supplement diffe-
rent protein feeds with the suspected deficient amino acids. These
supplementations are then compared with the unsupplemented proteln
feeds on young rats Ly means of the paired feeding method under
identical conditions. Since the only difference in these comparisons
ix the inclusion of a small amount of a specific amino acid, 1t 1s
reasonable to attribute any significant gain in weight in favour of
the supplemented ration, to the inclusion of the amino acid. How-
ever, gain in welght alone is a non-specific criterion of nutritive
salue.  Unless thevefore in studies of this nature, the gains in weight
can be defined or corvelated with increased nitrogen storage, the
results are inconclusive and have a dual interpretation. Conclusive
pioof, as to whether the greater wains induced by the amino acid
inclusion are due to a better utilization of the nitrogen contained
in the profein under experimentation can be obtained either by a
complete nitrogen analysis of rats in each pair or by a determination
of the biological value of the supplemented and unsupplemented
ration. The latier method was adopled in preference to the first.
since it fitted into our general programme of protein investioation.
Briefly then the method adopted in this Taboratory for the determi-
nooon amino acid deficiencies in  rotein feeds 1s ag follows: The
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nature of the amino acid deficiency is first established by means of
the paired feeding method. If by statistical analysis, 1t is found
that the supplemented ration produces greater gains than the unsup-
plemented ration, then the biological value of the same rations
containing the same percentage of nltrowen is determined. By this
means the greater gain in weight 1s suppOIted by nitrogen utilization
figures and definite conclusions can be arrived at. No difference in
010\\th response in the paired feeding test signifies no supplemen-
tatlon and consequently nitrogen bqlance studles are conducted only
in selected cases.

Most of the plant proteins except sesamemeal and cottonseed-
meal have already been supplemented by some or other of the
indispensible amino acids (Smuts and Marais, 1939). Due to lack
of direct information the same course as previously adopted, namely
supplementation by the least expensive and most easily procurable
amino acid, was followed. Consequently sesamemeal and cottonseed-
meal were each supplemented by cystine and compared with the
unsupplemented component in a paired feeding test.

The supplementation of coprameal with 0-20 per cent. cystine
showed no improvement in gains in weight over the unsupplemented
coprameal ration (Smuts and Mar als, 1969) It was therefore decided
to test the inclusion of another mdlspenﬂble amino acid namely
lysine in a ration of which the nitrogen cousisted entirely of copra-
meal protein.

Previous attempts (Smuts and Marais, 1938) to establish the
nature of the amino acid deficiency of peanutmeal proved unsuccess-
ful. The addition of tryptophane, lysine and cystine produced no
significant response in growth. Tive out of the six pairs of rats
showed greater gains in weight, when cystine was added to the
peanut ration. The magnitude of these gains was, however, too small
to establish significance. Beach and White (1937) as well as Baern-
stein produced evidence that arachin, which constitutes four-fifths
of the entire globulin of peanut, 1s deficient in methionine. On
the other hand the remaining fraction of the peanut globulin, namely
conarachin is, according to the latter author, an excellent protein
for growth. Tt contains apparently Suﬂl(}len’r methionine since it
compares favourably with casein in growth-promoting properties.
Kotasthane and Naravana (1937) conclude that peanutmeal compares
better with milk plotelns than sovabeans. All these contributions
point strongly to a methionine (16‘11(21811(," in peanutmeal. TIn fact
the evidence seemed so convineing that in a previous paper we
assumed methionine to be the mdlspensfble amino acid of peanut-
meal. In order to verify our assumption, 1t was decided to supple-
ment peanutmeal with methionine.

Both soyabeanmeal and linseedmeal have been found to be
deficient in cystine. These results were established by the paired
feeding method as well as by nitrogen balauce studies (Smuts and
Marais, 1938). However, it appeared that they may be deficient
in a secondarv amino acid. Consequently tryptophsne was added
to h of the als readv s lemented by ewsti
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has rendered the nitrogen ot sesamemeal morve utilizable tor synthetic
purposes. In Table 4 the data pertaining to the biological value
determination of sesamemeal supplemented by cystine are given. In
a previous paper by Smuts and Malan (1938) the biological value
of sesamemeal at approximately the same level was determined and
found to be T1. In Table 4 the biological value of sesamemeal
supplementied by cystine was determined and a value of 80 obtained.
Hence there was an increased nitrogen utilization of 9 per cent. This
result, together with the paired feeding test, definitely establishes
that the cystine addition to sesamemeal enhanced growth through a
better utilization of the sesamemeal nitrogen.

TasrLe 3.

A Comparison of the Weekly Gains between Sesame and Sesame
+0-2 per cent. Cystine.

[ ‘
‘ ‘ i Total per Week.

Weeks Pair | Pair | Pair Pair P‘ixir Pajr |
. 1. 2. 3. 4. 5. 6.
Fe
N — ; i ER— _‘f_%,
Lo — — — - - 0 1 6 | o
2 B + | + } * — 2 | 3 \‘ 1
B - \ - = |+ : - = 1 5 0
Ao | - + \ + + — 1 3 3 0
3 — — -+ . — | 1 3 \ 0
Bttt - | - \‘ + - = - 1 50 0
T \ — — + \ - — 1 5 % 0
B Po- ‘ - T - } 0 5 l 1
i Total for Experiment................ P9 {?7 N

+ Indicates greater gain by Sesame meal.
-~ Indicates greater gain by Sesame meal + 0-2 per cent. Cystine.
-+ Indicates equal gains.

In the comparison of bran and bran supplemented by Iysine,
three pairs favour the bran ration and three the supplemented bLran
ration in total weight over the experimental period. In the weekly
comparisons as shown in Table 6 the gains in weight are distributed
almost equally amongst the two comparisons. Judging superficially
there appears to be no difference in growth between the two comn-
parisons. This assumption is borne out by a statistical analysis of
the data. The mean gain in weight over the period of experimenta-
tion 1s 2-5 and the standard deviation 11-3, giving a value of 0-21
tor Z. According to Student’s probability table 1e odds are so small
that chance alone may have brought about this result. Consequently,
it must be concluded that the addition of lysine to bran had no
effect on its growth-promoting properties and that 1t is not a limiting
amino acid in bran protein.
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In Table 7 the resultz of the paired feeding test on copramend
and coprameal supplemented by 02 per cent. Iysine are reproduced.
Trom the {otal gains in weight of the six pairs of rats, it will be
seen that four of the 6 pairs showed u better gain on the supplemented
ration.

Tlowever, the magnitude of these galnxs are extrenmely small, so
much o that no statistical significance could he established.  The
mean gain in weight 1s 066 and the standard deviation, 4-8, making
the outcome of this test completely insignificant. Tience, under thesce
conditions, it appears as if lvsine 1= not o HWmiting factor of copra-
meal.

In T le 9 the total gains o weight of the comparison between
peanutmeal and  peanutmeul  supplemented by methionine,  are
summarized.  Four painrs favour the supplemented and two pairs the
unsupplemented ration in fotal gains. By analysing the resulis
statistically it 15 found that the mean gaim m o werght 15 3-3 and the
standard deviation 62, The value of 7 hecomes 0-93. According 1o
Student’s tehle of probability the odds are approximately 1o 7
that chance alone mav have brought about this result. On this haxsis
it must be conclude  that methionine addition did not contribute
anvihineg to the growth-promoting properties of peanutmeal.

Tt s interesting in this respect to vefer to a previous publication
by Smuts and Marais (1938) where peanutmeal wax supplemented
with cystine.  TIn that case, although 5 out of the G pairs favoured
the ¢yvstine supplementation. the magnitude of the gains was so
small that the outcome was completely insignificant.,  These results
would seem to indicate that peanutmeal contains enough cvstine and
methionine or methionine alone for the growth of the wlhite rat. This
would mean that while the greater portion of the globulin in peanud
is defictent in methionine, the rest of the protein fraction ix capable
ot supplyving the needs of this amino acid for the growth of the rat.

On the other hand, it may be cqually possible that minute quanti-
ties of methionine such as is present for instance in the conarachin
fraction of peanuis, are suflicient i the presence of adequate cystine
to promote normal growth.  Under these conditions, 1t must he
assumed that cystine can replace @ certain portion of methionine in
the process of anabolizm.

Cottonseed gave e lighest biological value of the natural plant
proteins thus far investignted (Smuts and Malan, 1938).  The
indications are thut in all probability, 1t 1s not seriously lacking in
any particular indispensible amimo acid. Nevertheless the eficct of
evstine supplementation was studied. The results on total gains and
weekly gains are given in Tables 11 and 12.
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