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Ix previou,; " ·o rk by t he author6 (1908-9) t he nmino acid deficiencie6 
o£ different plant proteins wer e established by means of t h e paired 
feeding method. As \Yas pointed ou t then, t he paired feeding m ethod, 
\Yhich measure,; t he r esponse caused, by the inclusion of certain amino 
acids in term~ of growth , does n ot supply an;.· information regardi11 g 
the metabolic effect of the~e minute amo1.mtR of amino .acids on th e 
u tilizabilit;.· of th e Hit.roge11 complex f·cntaine<l i11 the plant protein;-;. 
In order to obtain this desired information, as we!ll as additional 
proof of the amino acids limiting the 11utriti.Ye Ynlue o£ the proteins, 
the biologiral Yalues of the supplemented plant protein s were deter­
mined. From the combined data it is not only possible to obtain 
n detailed picture of the changes in nitrogen m etabolism, ·which are 
caused by the absence or presence of certain indispensable amino 
acids, hut also to apply this information in the economical nutrition 
of farm animals. Thus it may be known that lucerne is defi cient in 
cystine, but unless the nitroge;1 comen-ation throug-h the addition of 
cystine, and tbe extent to which other feeds in practice cnn Rupplle­
ment this cystine defi cien cy, are known, t he results remain of 1mrdy 
academic value. For these reasons a separate stully ou the biologica l 
utilization of th e supplem ented pl.ant proteins \Yas undertaken whic-h, 
in conjunction with the results of the paired feeding- tests, will afford 
a scientific basis for the future seledioH nml hnlflnc-i ng- of protein feeds 
in 1·ations for liYeslock . 

In this stu<ly the supplem entary ef1't>ct of m etltionine 011 lucPntE' , 
lysine on whole on ts seed , ('yshn e a ncl lll t>t h ionine on 1 1en n 11 hn!'a I, 
cystin e on linseedmeal and the supplem entary relationship beh1·t>e tt 
whole yellow maize .and lucerne and Royabeans hnYe been inYestigatecl. 

That methiouine has a supplementary effect on the proteins of 
lucerne has already been shmn1 by th e authors (1940) by mentiS of 
the paired feeding method. Similarly McCollum and Simmonds 
(19H)) ancl Mitch e]l and Smuts (1 932) obtained eYiden ce of a lysine 
deficiency o£ oatR. 11 h e suppl ementary rplf!tionship bebYeen g~latin 

225 



.UIINO ACID DEFIClENCJES O.F PLANT PJWTEINS. 

and oats has been explained by :YicCollun1 and co-11·orkers (1917) as 
due to the l;ysin e content of the gelatin. }fitchell (1924), however, 
could not esb blish any supplementary relationship between oats and 
~·elatin mixed in the proportions of 3 :1 by means of their respective 
biologica 1 vflilues. 

A methionine de:fici.enc\· has been ascribed h,- Beach and .. \Vhite 
(1937) and Baernt:ltein (19JS) to arachin, one of the pi·otein com­
ponents of the peanut. In paired feeding experiments by the authors 
(1938-39) no cystine or m ethionin e defirien('i e,; conlcl l;e c:-;tnblil:lh ed 
for the proteins of peannhneal. Indication,; of :slight i.mproYements 
\Yhen supplementing 11·ith the two amino acid ,.; \\·ere, howeYer, 
observed, but were so small a::; to be insignificant. lu the same year 
evidence was obtained of the cy;;tine deficiencie,.; of linseed and soya ­
bean meals. Notwithstanding the amino acid deficiencies of lucerne 
and yelloll' maize Kellermann (1935) obtained normal gToll'th on rat.s 
with a mixture of yel,low maize and lucerne proteins. Since this 
protein mixture \\·a,; not improyerl by the addition of 0 ·!::) per cent. 
1-cystine it must be concluded that the 1n·oteins supplem ented each 
other in respect to cystine . 

Fig. 1. 

EXPERDIENT .-\L. 

In determining the supplementary effect of the amino acids on the 
different proteins the metho<l Jescribed hy }Iitchell (1924) was 
adopted. Young male rats 'vere u sed throughout, only one biological 
value was determined on a series of six rats. Specially constructed 
earthemnu·e metabolism cages, as illustrateJ (Fig. 1) were used. 'fhe 
rats stand on a horizontal wire scr een (Fig . 2) with a ~ inch mesh 
which a~lows the faeces to drop through on to a second wire gauze 
(Fig. 3) on which it is then collected. 
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The m·ine aml faeees " ·ere eolledetl daily . The daily faece:­
collections, a Her careful remoYal of aclheriug hai1· , were digeste<l 
according to th e usnal Kj elrbhl met h<Hl . The '\Yeek ' s Lligesbi \Yerc 
macl e up to s-ohuu c and analysed for nitrogen. For the urine 
collections t he mctaboilism cages \Y E'l'e " ·ash ecl ou t dai ly with 0· 6 pe1· 
cent. ta rtaric acid solution. The daily urine collections were kep t 
in clilu te II))0.1 and at the end of the collection pe1·iod made up 
to nlume and a suitable aliquot digested for th e n itrogen rletennina­
tion . To distinguish bet'l·een fae l'PS of the preliminar:· and collec­
tion p eriods Fe2 0 3 was u sed as a markPr. The collection period ~ 
,,·ere of seYen <lays' <luration. The nitrogen lo'" periorl \Ya s 1·o nduc:teil 
either prior to or after the protein periods. Six to se,·en cl ays "·erP 
allo'l·ed on thr nitrogen lo1Y n.ttion to establish constant ni t roge n 
excretion. Fol' the p rotein periods at least ] 0 day~ were dlu\Yecl. 

Fig. 4. 

The r<.t tious \\·er e Jlla de up so <L .~ i.o contain a )Jpl·o:s:ima tel;; 8 ]Je r 
cen t. _c:rud_e porteiu. Th e .ndions wm·e stored in an ice chest to preven1 
r1 etenoratwn. The compo;;ihoD of the J"atiom; i~ giYen in Table 1. 
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HES LLTS . 

F10nt the experinHmtal dab giYen .ill 'l'able 2, it '"ill be 8l'en 
Umt H e biologil'a l \·alue .~ fm lut'<'l·n e + 0·2 lH' l' cent. <11-luet hi mline, 
\\·hole o:d· ~ ~eed + 0·2 lJCl' <:enl. ll- lysiue-di-Jt.nhocliloride , IWannl­
lJw:ll + 0·2 per ('ent. 1-cystine1 pcauuh1H~~1l + 0 ·2 p er <:ent. Lll-m et hio­
uiue, l[u,eed meal + 0·2 pe1· C<"J1t. 1-cy-.;tine, yellm\ ImJ.i:;: e + lu<"erne 
aml _yellow mai:.~e+:oo.ntbeans are UU + O·G8, 8G ± 1·00, GG ± J·81, 
18 ± 1·50 , 8G ± 0·68, 80±0·61 aud 75 ± 2·77 respectiwl y. "\ clonli11g 
i.o ,') .r rrnt i> aud )lalan (1938) the biologica l Yalues for luc:en rem eal, 
peanulmeal and linseedmeal are GO± 1· -!9, 72 ± 1· 61 and 78 ± 1· 92 
t'P:iJ>ediYc ly, \Yhile the biological \·:dues of \\·hole onts seed , wll olP 
.u·lio\\. mai:r.e :1ntl ;;oyaheau::; :u·e acl'ording t o Smut;; an d )l :Jr:;~ i .-.; 
(1<);)8--1:0 ) 8;1±2·0-!, G7 ± 0 · 98 anLl 55 ± 1·12 respP<ti\·ely . Jt i ~, 
tlierdon', dc:n that the SU1Jplemenlation of h rcerue \Yit:h 0·2 per 
ceni. dl-:mefhioui.ne impro\e<'l t h e 11 itrogen util[zation of th P hH·erJlt· 
pmteins h:v 30 ± l·G4 per ceut. This im pnJ\emeut is Yer\· ll ('<~l'ly 
the same :18 that obtain ell IJreviom;ly ( 19 ~-l 8) fm the ~u ppl.emenhttioJ r 
\Yith 0·2 p er ceut. 1-cystine, 11nm e ly 28±21-.f(j per l' e n t. '!'hi s 
enhau<·eiu e rl t in the b iologic-al Yalue of t he suppleme11ted lHOI<'i 11 
\ (•rifics t he Jn·eYiou s 1·esult s (19J9) obtained L:y means of t l1 e p aire tl 
fee(ling method . 

T he supplem entation of tllP pro tein s of oais seefl '"ith 0 · 2 p er 
cPill. d-l)·~ine -<li-h_nhu<"hlm.icle gaYe only :t sligltt inc.rense of 3 ±:2·:27, 
\\·hidt signifi e::> no siguificaul irnpro\·em ent an<1 t b e ]~,;in c (ldi ci ene_'l· 
of oai.;; must be regarded <lS only oE Yery liltlP impodanc-e . ' l' hP 
biologi<:al Ynlu e -of pe:nwlmeal s uppJemente(l wi1l1 c-yslint' de finilt·l\ · 
lll'OYPS tlwt the protein of peauutm ea l is uot defil'ie nt in cystim·, 
siuce supplement:\ i iou e \'OJl ] 0\\·er ed 1- h c hiologi<"al Ya lu p . Til(' nosn l t 
of th e methionine supplementation on thP other h:urcl irHlicales -t lwl 
thP lJl'ote iJl S of p ea nutmeal may be d efi<'ie11l in meih[onin<' as a 
G± 2·22 1wr cenL increns<! in ih c nii.rogen utili:.~ai.ion \\·:1s olrlaiJil'<l. 
This woul<l seem to be in ag-ret •ment \\·ith the firH1ing,; of HPach 
nn<l \Ybih• (19:11) nn<1 Baen1 slc- in (JW\8) on tlrP metl!io11in e dPfiei<'lll'_\. 
of nra chin . 

Th e i nnea!'e<l n i ! rog-en utili:;:n bon of S ± 2 · 0-1: p<'r u•n L, <·:tn .-.;I'd 
by tl1 e s upplem entation of: linseedmc:1l \\·ith 0 · 2 per cent. l-<:ystin E' 
<1gTPes Y(·r.v \Y ell \riih tlre r E's nlis of 8 muh all<l )lnt:Ji s ('19:~8) by 
JIH'<lll ~ of tlt(' puin·<l -fPeding- method :wd <lefi ni iel_,. < ~c;l; rhlish tlte 
<',\.'ii inu ddi<'i<'lJ.(·y .of liHseedmen L 

If no Sll)>lJlemeni.ary relationship cx i~i('d LehYeen i:lt <• ]Jl'OieitL' 
of YPllO\\. maizP :nul lucen1e und YP!lcm· ill:ti;~,e :\11<1 .-; oY:tlJ E'f\ ll S tlrP 
;rr c;1n biol og-ical Yn luPs of the lJI'~tPilt mi:dures wou l;l lra\·p '1JPE'tt 
(i-1: ± 1·2() and Gl ± 1·40 1·espectiYely . lt '"ill l1e ,.;eeJt, h ow<'l'el' , t lwl 
tlH! biological Yalues are adually SO±O·Gl aml 15 ± 2·71 :for thP 
Jnoic•in mi:xlures of yellow maize+ lu<'erne and _Yello\1· tll<Ji7.e+soyn ­
bea n-;. 'The diffeieuces obtained nameh- ln + l·-!0 nn(l 1-I: +>J-l() 
defi11ii. ely proYe that there ex i.sts a Sllpp'le~Pnt:n·~- n~Ldi~1 s lt i p 
Ld,Ye<'n these proteins. The supplementatim1s m·e perfectly in h:nmo1t.\' 
\Yitl! the respectiYe amino af'itl <l e fici Pu cics of the proteins . 'J 'h<· 
]lroteilt s of: yell mY maize are deficient in lysine anJ tryi.oplw 11 e 
\\'ll erens +h e pr.oice·ill S of lu cerne :~n<l so)·a1wn n s a1·e marl< e<ll :;' cl en f'ient 
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in cystine. lt is, Lherefore, clear Lhat thl' 111aize protein;; can supple­
ment the cystine deficiency of lucerne and soyuLeans, while the 
proteins of lucerne mul soyaLeans can again s upplement the lysine­
tryptophane deficiency of the maize protein s. 

It is e,·iJent that the present data on the amino acid deficiencies 
of the different pr·oteinR may serve as a basis for predicting au~· 
possible supplement:uy relationship hehn~Pll mixed proteins. 

SuMMAln D'D Co:--rcLusro'>s. 

'l'be supplementary eitect of methionine on ]u(·erne, lysine on 
oats ~eetl, cystine and metbionin e on peanutmeal, cystine on linseed­
meal as " ·ell as the supplementary relatim1 sl1ip l:et" ·een yellow maize 
and lucerne aml of yellow maize and ~o~·aheam; lJaYe l:een determinecl 
by means of their biological Ya]ues. From the results obtained it 
is concluded: -

1. That 0-2 per cent. ell-methionine increased tbe nitrogen 
utilization of tl1 e lucPrne proteins by 30±1·64 per cent. 

2. Cystine h:ts no snpplementan· effe(·t on peanutmeal, while 
methionine improYes tl1e p1 otein to a slight extent. 

3. Cystine supplementation increases ille nitrogen u tilization 
of linseedmea l h,v 8 ± 2·04 per cent. 

4. Lysine suppleme ntation has no sig ni ficant· effect on tl1e 
proteins of '"hole oats see(l . 

5. 'fh e protein s of \\·h ole ~-dlow maize a nd lucerne and of 
whole maize and so~·alwans supplement each other in a 
marked and sig-nin<'ant manner. 
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. \~[1'\ll .\ C I.ll DEI-' I('Ii':SCII·:~ 0 1-' l'LA ;\"T l'IWTI·:IS ;':, 

Hat Number. 

7 ..... . '' .. .. ... .. .. 
8 .. . ... ' .... .... .... 
9 ........... . . .. .. . . 

10 ... . . . .. . . . . . . . .. 
ll . .. . .. . . .. . . . . . . . . . 
12 .... . . ..... .. . . . . . . 

7 ... . .... .. ......... 
8 . .. . . . . . . . .. . .. . ... 
9 .. .. ..... . ' .... .. ' . 

10 ... .. . .. . .. . . .. ... . 
11 .. . .. .. .... .. ... . . ' 
12 .. . ... ... . . .. ..... . 

lni tia l 
W eight. 

~-

Gm. 
82 

10:3 
102 

85 
!)() 

\Hi 

109 
132 
139 
120 
130 
12•3 

B'inal 
Weight. 

-

Gm. 
82 

100 
102 
90 
88 
S!l 

ll1 
142 
149 
124 
136 
133 

r\vent(fe 
\Veip:ht . 

Gm. 
82 

102 
10~ 
88 
89 
92 

110 
137 
144 
122 
133 
129 

Daily 
Food 

lnta ke. 

Gm. 
6· 7 
7 ·0 
6·7 
6·G 
7·0 
8·3 

7·8 
10·8 
IO·!l 
8·9 
8·8 

10·9 

'J.'\BLE :.! (.1). 

,\'zfruqeu Jfutauo/ ,sm lJata and t he Cal-r·nla.twn of t he JJiolou i('({l rulnc. 

Daily 
N 

Intake. 

~l gm. 

1U·7 
158·8 
160·2 
130·8 
129 ·4 
160· 2 

D><ily 
Faeral 

K. 

:\lgm. 
2(1·4 
23·4 
25·2 
24·8 
25·2 
21 ·6 

N -low pe-riod. 

:\h~'l'A BOLIC N. 

Per Gram Per 
l<ood. Day. 

l\1g m. 
3·94 
3·34 
3 · 76 
3· 76 
3·60 
2·60 

,\l gm. 

Food N in 
F ·1ec-es . 

J\Igm. 

A bsorbed Da il y 
N. C rina ry 

Mgm. :\lg m. 
lil·3 
15·0 
13·0 
13·5 
13·0 
14· 8 

Din:;eedmea7 + 0 ·2 pe 1· cent. l- t' .l) sti ue ( 1·47 per cent .. '\'). 

32· 6 :l -94 :{0 · 7 1·9 112 ·8 :~o- 8 
:31·ii :3· 34 36· 1 •0·4 14il·4 J2 ·4 
J8·:> :{· 76 41·0 7· 3 152·9 41·0 
:{!J. !) :3· 76 :{3 ·6 6·4 124·4 :{3 · 3 
H· l 3·60 :H-7 2·4 117 ·0 36·1 
-19·7 :!·60 ~8-:{ ~ l . -1 138 · 8 42·0 

K . 

E NDOGENOIIS N. 

P er 100 Gram Pe•· 
Weight. Day. 

Mgm . Mgm. 
13·3 16·2 
14· 7 
12 ·7 
15·4 
14·6 
16 · 1 

16·t 17 ·8 
14·7 20·1 
12·7 18·3 
15· 4 18·8 
14·6 19 ·4 
16·1 20 ·8 

Food N 
in Lrrine. 

l\Igm . 

13· 0 
22·3 
22·7 
14·5 
16·7 
21·2 

.J. S. C. )[.\lL\lS AND D. B. ~Kl'TS. 

)i 

Retained. 

:\'lgm. 

99·8 
121 ·1 
130·2 
109·!) 
100·3 
117 ·6 

)i 

Ra lance . 

Mgm. 

+ 51·3 
+ 64·9 
+ 70·9 
+ 57·6 
+ 49 ·2 

' 68·3 

Biological 
Value. 

~~ 

84 
85 
88 
86 
85 

-------
86 
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