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Plant Proteins III. 

The Supplementary Effect amongst Certain 
Plant Proteins. 

By D . B. S}IU 'l'S and J. S . C. }1A HAI8, Section of Xutrition, 
Onderstepoort. 

IT lS a generally 1·ecognized fact in protein studies, that the 
nutritiYe value of a <.;ertain protein feed may be significantly 
enhanced by the inclusion o{ some other protein feed in the r ation. 
Such a supplementation among,;t clifte1ent proteins naturally becomes 
of consid erable practical importance in assessing the biolog ical values 
of the protein:-; most commonly employed in feed mixtures, ;;ince i!" 
has been sho\Yn, that the supplementary ac·tion of proteins cannot 
be <.;Onsidered to occur in a lin ear fashion . Consequently it cannot 
be assumed that t he mean of the biological Yalues of b1·o proteins at 
a certain leYel of feeding, ,,·o1.dcl represent the biological Yalue of a 
mixture of equal parts of t he r espediYe proteins. ConclusiYe proof 
as to whether supplementation between t \\'0 proteins has actually 
taken place, c·an only he obtainPc1 by a cl irec·t cleterminaii on of the 
b iologic·al Yalue of each pi'o tei n, as well as i h e mixture of t he t wo 
protPins at the same leYel of intake. 

Supplementation amongst proteins is the ne!t result of a Yariable 
ami no ac·icl co nstituh on of protein feecls in 1·espect to the inrlispens
ahle amino acids . A prote in fed at n low leYel of in take m ay be 
l'Onsidered to consist of t'IVo distin ct entities, one ronst.iiuti ng the 
amino acids necessary for mainta ining t h e integrity of the tissues 
and the ot her C'Omposed of those amino ac·i ds which fo rm an incom 
plete asRortment, and consequently incapable of promoting synthesis 
of ne"· tissues. These latter amino arirlR are therefore drawn into 
the oxiclatiYe prol·f'sses of the bod,v and cata'\Jolized. If, ho\YeYer, a 
second protein , whi ch ha :-; a different indi spensable amino acid rlefi 
Clenry, is ferl in conjuudion with the first , it can r eadily he seen 
ho"· the fractions of eac·h protein '"hich separatelv were destillecl 
to be deaminizerl and oxiilized c·an between t hem make up a complete 
assortment of those indispensable amino acids to satisfy the requ ire
ments of new· tissue and h ence promote s~·nthesis. In thi s rase the 
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biological Yalue of the mixture of the two proteins will obviously be 
greater than the mean biological value of the two proteins, since a 
portion of the two fractions in the respective proteins, whieh would 
otherwise have gone ''"aste as far as tissue s_ynthesis is coneerned, is 
now utilized in the body. 

It is evident from the above reasoning, that supplementation \Yill 
not take plaee between all proteins. If the 1·emaining fraction of 
each protein in the mixture, after maintenance has been taken eare 
of, should be deficient in the same indi spensable amino acid, then 
naturally there exists no ('hance of selecting a complete amino acid 
complex for synthetie purposes a nd consequently no supplementation 
is pos::;ible . On the other hand it is self eYident that the greaie1· the 
variation of the missing indispensable amiuo acids in the two frac
tions, which effect supplementation, the greater are the possibilities 
of a supplementation. A protein haYing a biological value of 80 
would, therefore, indicate that 20 per cent. of the abwrbed nitrogen 
has not been utilized on account of a defieiency of one or more of the 
indispensable amino acids in the protein molecule. Another protein 
having a biological value of 50, sho1vs that 50 pet· cent. of the absorbed 
nitrogen has not been used by the body . In the latter case the frac
tion which can be supplemented is much greater than the first. If, 
therefore, t hese two proteins are fed as a mixture and supplementa
tion takes place, then one has to assume that it 11·as possible for the 
body to select a complete assortment of amino acids from the 20 and 
50 per cent. fractions. 

In a previous paper [Smuts and Malan (1938) l the biological 
Yalues of individual plant proteins haYe been determined. In this 
study the supplementary effect amongst certain of these proteins is 
reported on. 

As far as the authors are aware no stuoies have been conducted 
on the supplementary effect of the proteins i rwesti.gated in this study. 
However, since the supplementation can only be accomplished wheu 
the limiting indispensable amino acids of a protein are covered 
by the inclusion of a second protein, it seems appropriate at this 
stage to refer to some inYesti~ations con('erned with the amino acid 
deficiencies of the proteins under discu ssio11. Haag (1931) in a study 
on the physiological efteets of rations restrided prinr~ipall,v or solely 
to plants, claims that lucerne is seriously deficient in cystine for 
growth in Tats. Scoz (1932) found that cystine deficiency limits 
growth in rats, and that the an in1al protects the protein sulphur of 
the organism at the expense of less essential substances. It would 
appear, therefore, that lucerne is deficient in the indispensable amino 
acid cystine and that it can consequently only be supplemented by 
the addition of cystine or another prot ein containing enough cystine 
or methionine to cover the cystine deficiency [Jackson and Bloch 
(1933); Weichselbaum (1935) J. 

Morris and ViTright (1933) in a study on the protein values for 
milk production claim that peanutmeal is deficient in lysine and 
since this amino acid is considered necessary for milk production, 
peanutmeal ranl\s low as a protein feed for lactating animals. On the 
other hand John and Jones (1917) by chemical analysis showed that 
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the protein of peanut is rich in lysine. Quite recently Beach and 
White (1931) stated that the protein of arachin is deficient in 
methionine and that L.-cystiue was incapable of replacing the 
former. 

McCollum and Simmonds (1916) as well as Mitchell and Smuts 
(1932) have shown that oats are deficient in the indispensable amino 
ar-id lysine. Outhouse and Krause (1934) found that a lysine defi
ciency with rats causes an inefficient utilization of protein nitrogen 
and a less active cellular metabolism. 

THE pAIRED FEEDING TESTS. 

Paired feeding tests together with the determination of the 
respective biological values were conducted on the different rations. 
The rations were compounded in such a fashion that they were, as 
far as possible, equal in all respeets except for the difference in source 
of protein. In the comparison of peanut plus lucernemeal with 
lucernemeal plus cystine, 7 per cent. of agar replaced an equal "-eight 
of stareh in the former ration, while in the comparison of peanut 
and peanut plus oats no agar was included in the ration. The 
different proteins were incorporated in the ration so as to furnish 
approximately 9 per cent. of crude protein. The other constituents 
included in t he ration contributed negligible amounts of nitrogen 
but supplied the necessary amounts of other nutrients to make the 
rations complete. 'l'he comparison of the rations is given in Table l. 

TAJJLE I. 

G om.position of Rations. 

A. B. c. D. E. F. 

Peanutmeal ... . ... . ........... 16·5 7·8 7·8 
Lucernemeal .. . .. .. ........... 57· 1 55·7 28 -6 
Oatmeal ... .................. . 36·4 
Cystine . . .... . .............. . . ·20 
Ext. Egg white . . .. ... . ........ 3·8 
Sucrose ........... . ........... 10·0 10·0 10·0 10·0 10·0 10 ·0 
Butterfat ......... ... ......... 8·0 8·0 8·0 8·0 8·0 8·0 
Yeast Extr. 1 . . . ............ . . 10·0 10·0 10 ·0 10·0 10·0 10·0 
Agar 3 ............ .. . ... ...... 2·0 
Codliveroil ....... . .. ....... . .. 2 ·0 2·0 2·0 2 ·0 2·0 2 ·0 
NaCl ... . ......... . ........... 1·0 1·0 1·0 1·0 1·0 1·0 
Salt Mixture 2 .. . ... . . . .. . .... . 4·5 4·5 4·5 

I 
4·5 4·5 4·5 

Starch .... . .... ... ... . ..... . .. 48·0 7·4 8·6 20·3 28·7 58·7 

TOTAL .............. 100·0 100·0 I 100·0 I 100·0 100·0 100·0 

Per cent. Nitrogen .. . . . . ...... . 1·45 1·52 
J 

1·55 1 1 ·42 1·50 
I 

· 650 

( 1 ) Yeast extract was prepared according to the method of (Itter 3, Orent E. R. and 
McCollum E. V. J. B. C. 108, 2, 571-577, 1935.) 

( 2) A modified Osborne and Mendel salt mixture, proposed by P. B. Hawk and B. L. 
Osler, 1931, Science Vol. 74 p. 369. 

(
3

) The fibre content was equalized by adjusting the agar in the rations compared. 
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Five to six pairs of rats were used in the different pai1·ed feeding 
tests. 'rhese were selected according to age, sex, litter and "·eight. 
Each pair received the same amount of food. The initial weights 
taken over three consecutive clays, together with the total gains, 
total food consumption, and total gain per week of the different com
parisons, are summarized in tabular form. 

In 'l'able II a summary of the comparisons between lucerne 
supplemented by ·20 per cent. cystine and lucerne meal is given. 
In each pair the rat receiving the cystine supplement exceeded its 
mate in total gain in weight over the experimental period. Such a 
consistent outcome favouring either one or the other ration would 
have resulted from chance only twice in 128 trials. The average 
difference in gain between the six pairs is 13 · 5 with a standard 
deviation* of 6·5. According to Students probability table, when 

Z which is equal to St D M_ t' is equal to 2·0 and N = 6, the 
. ev1a wn 

chances are approximately one in 300 that this difference is due to 
chance. From a comparison of the weekly gains, it is seen that out 
of the 42 weekly comparisons, the cystine supplemented rat exceeded 
its pairmate in gains in 29 cases. 'rhis experiment, therefore, 
clearly demonstrates a difference bebYeen the two rations, and since 
the only difference was the inclusion of cystine in one ration, which 
proved to be superior to the control ration of lucernemeal, it must 
be concluded that the addition of cystine was instrumental in pro
moting more rapid growth. 

• From 'rable III it is evident that when peanut is supplemented 
'by oatmeal, the resulting protein mixture is superior to that of 
peanut alone. Out of the 30 weekly comparisons of gains, 18 favoured 
the peanut plus oatmeal, while only 9 favoured the peanut ration. 
The average difference in total gains is 9 · 8 and the standard devia
tion 4 · 7. 'I.' he ratio (Z) of the mean difference to the st andard 
deviation is 2·1. With Z = 2·1 and N = 5, the odds according to 
Students' table, that the addition of oatmeal to peanutmeal was 
responsible for the more rapid gains experienced on the mixed pro
tein ration, are approximate!~ 143 to 1. 

NITROGEN METABOLISM EXPERIMENTS. 

The same rations as were used in the paired feeding- tests were 
utilized in the nitrogen metabolism experiments. An extra period 
consisting of lucernemeal supplemented by peanut in equal propor
tions in respect to protein was also included. The nitrogen low 
ration was adjusted for its fibre content by the addition of agar to 
equal that of the protein ration under investigation. The collection 
periods were of 7 days duration and were in ear.h case preceded by a 
preliminary feeding period of 6 days on the same ratio.n. For the 
biological value determination of each protein a new series of rats 
were used, so that rats were not kept longer than 26 clays on 
experiment. 

. I .ED' * Standard Deviation = 'V 
n- 1 
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PLANT PROTEINS. 

As will be seen from Table IV the individual biological values 
of the lucerne peanut mixture varied from 63 to 71 with an average 
value of 67. Sinc·e the biological values of lucerne ancl peanutmeal 
as determined in a previous paper [Smuts and Malan (1937) J are 
61 and 69 respectively, the value of 67 obtained for the mixture of 
these two proteins, at approximately the same level, can only be 
interpreted as indicating a non-supplementary effect. 

In the case of lucernemeal supplemented by · 20 per cent. cystine, 
the individual biological values vary hom 82 t o 93 with an average 
fig·ure of 87. This would mean that the addition of ·20 per cent. 
cystine to lucerne inc;reased the utilization of its absorbed nitrogen 
by 27 per cent. \'Then peanutmeal is supplemented by oatmeal , in 
equal proportions in respect to protein, there seems to be a dist inct 
supplementation between these two proteins. The biological value 
of peanut and of oatmeal as determined in a previous paper (Smuts 
and Malan 1937) was found to be 69 and 84 respect ively . I£ no 
supplementation took place one would expect the biological value of 
the mixture to be 77. This value is lower than the determined bio
logical value of the mixture, namely 81. It seems therefore 1·eason
able to deduce that supplementation has taken place. This conclusion 
is, furthermore, supported by the outcome of the growth studies in 
~which the protein mixture of peanut plus oats is significantly 
superior to peanut alone, when fed at the same level of protein intake. 
Mitchell and Smuts (1932) have showJt that oats are deficient in 
lysine . Since supplementation has taken place between oatmeal and 
peanutmeal, it seems obvious that peanutmeal must have been able 
to cover the lysine deficiency in oats. In a later paper it will be 
shown by means of paired feeding tests, that th e arldition of lysine 
did not enhance the growth promoting properties of peanutmeal. 

SuMMARY AKD CoNcLusro~s. 

By means of the paired feeding method, it has been sho,Yn that 
the addition of cystine to lucerne significantly enhances the growth 
promoting properties of the latter, and that when peanutmeal is 
supplemented by oatmeal the resulting protein mixture is superior 
to that of peanutmeal alone. 

Nitrogen metabolism studies conducted on the same rations 
showed that the incorporation of · 20 per cent. cystine in a lucerne 
ration definjtely increased the biological value of lucerne, that no 
supplementation exists bebl·een peanutmeal and lueernemeal, and 
that supplementation occurs between peanutmeal and oatmeal. 
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