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TnE present investigation constitutes a continuation of our studies 
on the nutritive value of our most commonly utilized plant proteins. 
] ,in;;eedmeall is a popular feed for nearly every type of farm animal 
mHl consequently is extensively u~ed in this country. Soyabeans are 
less popular, but due to the fact that they may be grown fairly 
;;uccessfully under local conditions, their nutl'itional value in com
parison with other p lant protein becomes a praetical necessity. 

Morris and Wright (1933), in a uomparison of the proteins of 
beans, linseed and meatmeal for milk production came to the con
clusion that beans and meatmeal are better sources of protein for 
milk production than linseedmeal. 'L'he biollogical values calculated 
aecording to the formula of PPrki u,; ranked in the following order: 
Beanmeal 59, meatmeal 55, and linseedmeal 46. Crichton (1932), in 
a fattening test of b \·o groups of Aberdeen Angus s,teers on bran and 
l inseed cake, states that the bran Tation gave better gains th an the 
linseed Tation. Mitchell (1931), determined the nutritive value of 
liu;;eedmeal and cottonseed meal for gr o\\"ing pigs and found that, 
while linseedmeal was s:lightly more rligestible than cottonseedmeal, 
there was no actual difference in their respective biological values; 
the values being ()1 for linst>edmeal an(l 6=~ for cotionseedmeal. 
Kenneth , Morrison and Maynard (1935), employing t ht>ir ;;ynthetic 
ratio rHl developed for sheep , found i11 a comparison of the b iological 
value;; of soyabeans, corngluten anr1 lin seeclmeal , that th~ latt-er \\·as 
i.nfe1·i.or in protein to soyabeans, the rt>spectiYe bi.o1ogica;J valuefl, bein g 
72 · 8 for soya beans ancl 67 · 7 for lin seed m ea 1. 

Cson ka ( 1934), from chemical analyse;; of various Yarieties of 
soyabeans, cloes not support the general conception ·of a CJUanti.tatiYe 
<leficiency of cystine in soyabeans but admits that some Y<.uieties may 
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be deficient in this amino acid. Hayward, ~teenboek and Bohstead 
(1930) found, " ·ith mt,;, t hat both the Illini and Herman va riehes of 
soya beans were i nefficient sources of protein. 'J'he acl(lition of 0 · :1 
per eeut. 1-Cystine or the applieal.ion o£ h eat practically doubled the 
nutritive value of tl1e protein. 'J'h e eo mmereial preparation of soya
beanmeal apparently influenced .it:; protein constitution markedly. 
Low tem.perature preparation s at 1()5° C. for 2 hours or cookecl at 
82° C. for 90 minutes left the protei n 11nchanged and similar in nutri 
tive Yalue to the ra11· product. Cooki ng nt 10f'>° C. to 121° C. for 90 
minutes changed the vrotein to such an exiPni that it became double 
the nutritive Ya!lue of the ra1Y meal. l!limmer a nd Roseual e (19=-14), 
in au extensiv·e i nYest i.gation of th e r elatiYe values of differe11t 
proteins, as determined by t he growth m ethod on chiekens, found that 
,;oyabeans " ·ere superior in protein to l iuseeclmeal bnt inferior as com 
pared to fishmeal and meatmeal. Schmidt (1934), in a determination 
of the nitrogen l'etention of yeast, soyabeans and peanutmeal in pigs, 
found that the nitrogen retention per head " ·as 13 · G9 gm. for yeast, 
13 ·22 gm. for peanutmenl, ancll:l·22 gm. f01· soyabeans. 

In acconlauce \Yith the gen eral belief that. ;;oyabeans a1·e deficient 
in eystine, thi;; ami11o acirl \Yas i11 corpmatP<l in a ration of soyahea11 ~ 
allll the biological Yalue determined. U n til quite reC"entl y cystin t- wa,; 
thought to be an indispensable amino acid . Rose (1937), howPYel' 
claims that thi,; is not the ('<lSP a n<l t ha t m et.hiolli nP is the inclis
pensable sulphur amino ac.id, "·hile cystin e only acts as a stimulant to 
gTo\Yt lt when methionin e i ;; presP nt in sub-op timal (fUHJJtities. 
Weichselhau.m (HJ:)5), 0 11 the other h al! (l , finds that on a ey;; line 
deficient ration rats develop a specifie syndrome, which can be pre
vented by both cystine and methioni ne, hut that only the former 
amino acid can rectify conditions once syn1ptoms have appeared. 

EXl'ElU.\lEN'I.'AL. 

'l'he biologieal value of each protein, except for lin seedmeal, >Yas 
determined on six individual nttes. Due to the scarcity of rats an 
unavoidable change in the general routine of on r metabolism >York was 
brought a bout. Instead of running th e u sual nitrogen low an cl protein 
periods on ·ix rats and tlien discarding them, the rats under the pre
sent conditions >Yer e employed for two su ccessive periods of protein 
feeding and one nitrogen low period to serve for both protein periods . 
In our experience this deviation does Hot con:;titute a serious source of 
error, since the endogenous nitrogen of rats over a period of a mouth 
does not vary to any appreciable extent, especially if they are kept 011 
a standard ration of 10 per cen t . protein before the endogenous 
nitrogen is determined. The rations were compounded to app1·oximate 
9 per eent. of p10tein and to contain all the other e;;sentia l ingredients 
for normal g i'O\Yth. The protein feeds investigated wm·e put through 
a mill and gTound into a fine state i11 order to facilitate homogeneous 
mixing. The cystine i11 corporated in the rations was prepared from 
wool. 'l'he percentage composition of the rations are giYen in Table 1. 
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'l'A.BLE 1. 

( 'o!nposit·ion of Rat·io11 s on l'erce llfo,.<J r' lfasis . 

Soyabeans . . ..... . . . . . . . . .. . . . . 
Linseed meal. ..... . . ... . ..... . . 
Cystine ........ . .... .. ..... . . . . 
E ther E xt . Egg Whi te .... . . . .. . 
Sucrose .. . . .. ... .. . 
Yeast Ext. (1 ) ........ . .... . . .. . 

Butterfat ............. . .. .. ... . 
Codliveroil. ............. . . .. . . . 
Salt Mixture(') . .. . . . . .. .. . . . .. . 
Agar . . . . . . .. . ......... . .. . . . . . 
Sta rch .... . . . .... ... . ..... . ... . 
NaCI ..... . ....... . . . . . . . . .. . . 

ToTAL .....•... . •... . 

Per cent. Ni tr ogen ..... . . . ... .. . 

N-low 
Ration . 

3 ·8 
10·0 
10·0 
8·0 
2·0 
4·5 
2·0 

58 ·7 
1 ·0 

f':;o vabea n 
I-iation. 

:Jr>·:Z 

10·0 
10 ·0 
8·0 
:l ·O 
4· :) 
:2·0 

:27·3 
1·0 

Linseed 
R at ion. 

26 · l 

10· 0 
10·0 
8·0 
:2·0 
4· fi 
2 ·0 

38 ·4 
1· 0 

~--~-0-0-- 0--J--10_0_· 0--· --10_0_· 0--

1· 51 1 ·650 
,- -

1· 50 

Soya bean 
and 

Cystine 
Rat ion. 

34·7 

10·0 
10 ·0 
8·0 
2·0 
4·6 
2·0 

29·6 
1·0 

100·0 

l ·±li 

(') Yeast extract was prepar ed accord ing t o t he method of ltt er , S . , Oreu t , 
K H .. , and McCollum, 1~ . V ., 1935. J. lJ ioL ()hem. , Vol. 108 , K o. 2, pp. 571-577. 

(2) A modified Osborne and Mendel salt mixture descr ibed by Hawk, P . H. , 
a nd Osler , B. L. , 1931. Science , V ol. 74, p . 369. 

'l'he nitrogen met abolism data as well as the calculation of the 
biological values are presented in Table 2 . 

From these figures it will be seen that the protein of raw soya
beans is of an inferior quality. I n fact, i t exhibits, the lowest 
biological value of all the plant proteins so far investigated . 'l'he 
individual biological values vary from 50 to 62 with an average value 
of 55. 'l'he apparent and true digestibilities are lo11 er than those of 
other plant proteins, except lucerne, an cl average 62 and 81 per cent. 
r espedively . It is fairly obvious that t he lo11· digestibilit y is not the 
primary cause of its poor uutritive value, sin ce when soyaheans are 
;;upplemented b:v · 20 per cent . cystin e the appa1·ent and t ru e 
digest ibility r emain practically unalterer1, whereas the biological 
qJue of the supplem ented soyabean protein is inc.:reasefl sig-nifi can tl y . 
Such a decided inerea"e in the biologicu l value definitely signifies a 
supplementary effect of cystine on soyubeans, and can on ly be inteJ·
preted on the grounds t hat a deficiency of this amino acid in the pro
tein molecule of soyabeans seriously impairs and diminishes t h e 
utilization of its nit rogen. The r esult is somewhat opposed to the n ew 
theory of the dispensability of cystine as r ecently postulated by Rose 
(1937). According to Rose methionine may be present in suboptimal 
quan t it ies in soy a beans and the addition of 0 · 2 per cent . cystine 
~imply ~1 s a stimulant to gro\1·th. This argument, it seem~ , does not 
fully explain the metabolism data presented in t his paper. If c;ysine is 
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<lisp eusable one would hanily exp e<.:L that its i udusion iu :mdt :mwll 
small quantities would in crease the utilir.atiou of soyabeau nitrogen 
for t he composite needs of maintenance and growth as is clearly 
demonstrated by our data. Ill fact olle would expect t he addition of an 
amino acid dii:>p ensable for tissue synthesis to decrease the biological 
value instead of enhancing it, since su ch an amin o acid will be added 
to the fraction of incomplete assortment of amino acids and 
deaminized wit11 n o actual use for the body. 'rhe indispensability of 
cystine in soyabeans " ·hich might contain methionine in suboptimal 
c1uantities is further supported by data obtained from paired feedi11g 
tests, to be publish ed shortly, in wh ich soya beam; supplem ented by 
cystine are superior to soyabeans alone. 

l i'rom the biological Yalue of liusee<lmeal a;; calcu'lated in Table~ 
it is apparent that i ts almost univer sal u~e in stock feerli ng is not 
only based on its popularity and p alatability bnt to a l arge degree on 
t he h igh quality of it , protein . 'l'h e inrliYi<lual biological Yalues Yary 
from 74 to 82, " ·itlt au average of 78 . Its apparent and true 
digestibility , as sho\\·H ill Table 3, are of t h e same magnitucl e as 
those of most other plant proteins; the respective ·valnes being 75 
and 98 per cent. This would indicate t hat the high er biological value 
of linseedmeal in com parison ''"ith peanutmeal, sesamemeal , and 
coprameal as determined in a previous paper [Smuts and "Yialan 
(1937)] is clue to a b etter consti tutecl prott>i n molecule in respert to th e 
indispensable amin o acids. 

'_l1
AJILE 3 . 

Sttlltnwry of ilpparent and True D i.r;estif11"1it1·es. 

R at 
No. 

J 
2 
3 
4 

6 

Soyabean. 

64 81 
60 79 
62 81 
69 88 
60 79 I 

, ____ 5_9 ___ , ____ 7_8 ___ 1 

Average . I 62 81 j 

Rat 
:'ITo. 

7 
8 
() 

10 
11 
12 

Soyn.bcan a ml Cystine. 

A pparent. ! True. 

i'i7 
64 
67 
69 
57 
66 

63 

76 
86 
93 
88 
7!.) 
8.) 

84 

SG-"DI AltY A?\lJ UOJ\CJ . USIO.\"S. 

J,inseed.. 

Apparent. , T rue. 

7.) 
74 
75 
76 
7;) 
73 

7i) 

!)4 

96 
100 
94 
97 
91 

95 

By means of th e ui trogen balau ce-sheet m eth od a biological Yalue 
of 65 for soyabeans an<l 18 for li nseedmeal at approximately 8 per 
cen t . leYell has bet>11 obtainerl. Utilizing th e sallie method and 
:;ubstitutin g an equiYalent am otmt of so.\-abean nitrogen by ·20 per 
<·en t . cys tine it waf> fou ll(l t hat cystine supplementer] soya bt>an pmtein 
effectively and im:rl'ased the utilization of its nitrogen by 19 per cent. 
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