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Further Observations on the Cystine D eficiency 
of Lucerne P roteins and the Effect of 
Heat and Incubation upon their Growth
Promoting Value . 

ll_1- .1. 11 . h.J<; J. Lt•: t.OU .\:\ . .J I ~~-- ( .\ gri1·.), 1'\i. \) . , .A11illlal 
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LL·c u L\1·: 1,; Jl!Jt uHl~- high i11 mi11P1'<1b ;~ nd Yit ;~Jlliu ~ but ;~L-;u in 
proteiu~. yPt. l't1rion~l.1 · t'llllll).dl . it i~ rat lit•r l' '" in , ._~-,ti JI P :t ~ tletl'l'
llli tll'd L.iulogil'all.l· 11it h rah 1>.1 l l aag (J~J:IJ ) . Thi ~ tli~t·o,·e l'.l Dla.l' 
L t~ of illlpodnll<' t' to parh of tlti s :md other co tt 1 d1 ·ie~ ,,-liPl' t' SOtllt ' 
do nw ;-; tit· aniJn:d,-; arP. for t·,··r tnin ..; Pa~oll~ of tht• ye:1r. abno~ ( .;o] PI.I 
,; uh,;i,;( e ut 0 11 t\ip lut· PI'IIP pbnt . l lmYPY e r, it is d:lng-eJ·ou.-< to rP:l.'iull 
L.~ - aualo12·-' · tmm otte .'i Jl PI 'lP .-< to ;;n otlll'r. :~tul it t·HJi not l1 e illft~ned. 
thPr PfO l' l', tli :d ·l uc·t-'1' 111 ' i.; al.-<o l o11 i11 n .;(inl' for <ll l illln],; ..-;llf·h a ,; . lor 
i lt:;i:llll't·' . ~hPPJI illltl l'clt(le, 111 \'1('\\ . of (\ip .~l' P il( <lll:tlOillit·:il ;tll tl 
Jlhy:;iologil':tl diff l' l' f:' Jl(· p,; i n tlw ir dig-P~tj, - p "·'·--;il'lll.'i. l·'tu·t li er lll lll't ' . 
,.,·en tliottgli lu,· prnP i.-< lmY i.n ~'.1 · .--;t inP. th P laq.~·t · I'<IJI<lt·it.l· of rum i
JJanb for food 111 :1.1 111:1kl' it JHh.'iihlP for th e m to ohtni11 I'IIOIIgh ul 
IIi is l'~ .-<1' 1 11 i:1l ami llo -:ll'id lo j> IOII IO(t• 1101'111 :11 g"HIII· i h :111d ]il'llclul'h oll . 
• \.11 o( liN prub:t hi I it .1· i.~ t h:1 t , [I('PP tll:ll. bl' <·a p a hl0 of "-'· liilw...-i ,;i :1 g- l'_I'Sti li P 
t ltrou~·h a .'i JIPl'i:tl tunl'iio11 of t he ir 11·ool tol l il' lt•'i :1 .-< ,; ug·gp.;t Ptl 1,_1· 
l" l'<bl' l' :111d Ho ht-•1'1 . .; ( l !):l:! l . or lhm~tg· \i <1 .'i _1 11 1hinti ,· :tl't ioJ I ul' thPil· 
i lli t•.;iitl:il tlor:\ :111d f:11111:1 ( L:11· (pri:1 . proto~o:1. t-'11'. I , :1.-; po.;tula te cl ] ,_~ -
1/imingto JI :1nd ot h Pr .-< I I!JT2. J!):l:; l . The l:dtl'r 11.~ - ,Hditl''ii -< li :l :-< g·jy,•JJ 
i iiiJ!Pt u:; to ~turlil''i i n thi ..- fidd . :11ltl tlll' prdilll i ll:tl'.l ' PXJil •riiii PII lS, to 
iJt' ]YI'I'SI' Il l'Pil i11 ()Jj" J><I JH' I', li:\1'(' 1)(' 1'11 r-:nTit-•d 1111 ( 11·itiJ (IJp uhjt-•ri 11f 

.; t•Pi.ug- \\ il l~ i h P r Jl: 1:1g-' N l'l ' .'i U]i..-: ('Oiiltl Jw .'i ll iJkL\Il(i:dt•d :1 11d ll'ila (. j)J p 
pffe('i of hPat <tntl i nl'uhati o 11 11·it h :1 .;b <>ep',; '· rn ln i lla ljuict· .. \\'Oldtl 
lw llJIO il i l10 lltili:.~atioll of ltH' f' l'llt' -m eul '' prot Pi ll .'i l1y th t· l':li. 
} ' llrt h Pr lii OrP, ht' ('il ll .'iP ll l<li~ P . l \1 1'1'1'111' :l lll] jp ff (fi)I'I I_(JI D.< f7's d (!/jS -'lllll'!l ) 
form !hrPe of t h e major food mat e ri:Jl.; f or a 11im:d.; in thi..; r-m111i n . 
i t ,,·as t hm 1g hi of inh·re.-<1 io .., nHh :llso t hP SliJilJl E' IIl< ' ni :lrY 1 · alu P~ ;,r 
IU:Iize-lul ·prn e :11111 m a ize-t pft prott'i ll .'i . 

* 13_,. t lu• Lf' l'ln ·' lu ct> n w ll te:d ' ' in t lii-o papl'r j _, nw:1nt on ly t hat part of 
C'O IIli1 H' I'l'i al lu ccrn p lllt"al t li al pa,,ed t hro ugh a I llllll. SW\'1'. 



CYSTlKE m·:I•ICTEXCY OF LL:CEII:c\"E PHOTEIKS. 

EXPERIM E NT A L. 

Albino rats of al1ottt three to fom \\·eel\~ old an(l of the London 
;;train of the \Vistar Institute stork were used in these experiments. 
Ear:h rat was kept ill a separate cage 'IYith a raiserl screen bottom. 
The paire<l-feediug metho<l of )fitehell and Beadles (H!00) was 
employerl, antl all pain; \\·ere " iwgenic ", that is, thry \\·ere of the 
same sex, litter mHl as nearly as pos8ihle of the same \\·eight. There 
\Yere six pairs to each group. The initial al)(l final \\·eights of the 
rats were the aYerage of weighings taken on three consecntiYe days. 
During the rest of thr experimental period they were \\·eighecl once 
a wrek. Fresh distilled water was at all times available to the 
animals . The method of ferrling \\·as the same as that described by 
)fitchell (1903), namely: --

In each pair. hoth rats >~· ere given tho same ammmt ol' food , tletennined 
at any time b~· the rat that "''" eating the !east . . Du1·i ng the proc-ess of 
equa ting; ·each da:v the food i nbkes of pair mat('S, tile food offered "·as i ncrcased 
hy 1 gram if both pair mates cleaned up, o1· was left the -S<lllle <lS thnt of the 
preceding day if on!,,- a .small aJJ>ount of food ,;·as rdused h~- Pither 1·at, or \\·us 
decreased if either rat left a cons iderable anwnnt , tlw sizP of the rethwtion 
being gauged 1·oughly hy the amm1nt of orts. 

The c.omposition of the ration s JS g'lYen m 'l'ahle I. 

'l'he rations utili~~,ecl were--

(a) luc.erne meal with and 'IYithout 0·1 per cent. cystine; 

(b) lucerne-yellow mai~~,e meal \\'ith and without 0·15 per rent. 
cystine , and 

(c) teff<'-yellmY mai~~,e meal with an<l without 0 ·15 per cent. 
cystine. 

The <liets giYen to vair· mates \Yere therefore identical \\'ith the 
oHly rliffenmc.e that one of them c.ordainecl in addition a small amou nt 
of 1-t :~·stine The lnl'ente meal-l·ysbne ratio11 consiste(l of ] 00 gm. 
lucerne meal ration ,o;npplemented with 0 ·1 gm. cyRtine, \Yhereas the 
corresponding cystine rations of l u cerne-Yell mY maize and teff-yello\Y 
maize meal consiste(l of 100 gm. of the respediYe basal <lieb supple
menter] with 0·15 gm. eystine. The latter had a rotation of 
(x) ;; - 213·5 as cleterminerl by the method of Andrews (1925) on <l 
1 per cent. solution in N hydrochloric <.tcirl I accepted Yalue 
(x) ;; - :!OH · 2 acem·ding to the formula of 'roennies and Lavine (1930l 
The r·orl liver oil was a first grade NonYegia n oil, ant the butter \\·a;; 
filtered butter fat. The hre\\·er's yeast was a <lried commer<:ial sample 
\\"hieh h:,tr~ been foun<l effective in aiding gTmYth and preYenting 
polyneuntts \Yhen mlderl at a 5 per cent. leYel to a Yitamin B-hee 
ndion. Tti; nitrogen, aR explained in Table I, '"as not calculated 
as protein-nitroge11. 'I'he protein contents of the lucerne meal, 
lneern e-yellow maize a nrl teff-Yellow maize meal basal ration,; were 
10-44, 13 · 94 anrl S · 07 per cellt. rt>spectiwl)· . 

* Dry teff-hay was g ronnd up into a fine po1n:ler and onl,,- that pal't 1n1s 
user] tlwt passPrl t ltrongh " l m:n. Slf\·e. 



J . ll. KELl .EJL\L\K.'S". 

The n~snlts are gn·e 11 in 'J'ables li. liT. :11ul IY. 

'L4-HLE I. 

Composition of Hu tions in l) crrcntu.r;e liy rreigltt . 

Ldu:crne rnea I I .. 
Lw:e rn(· mea I :? . 
T ell' meal. 
Ye llow ma ize m<'<li 
Bn.'\\·e r's _yC'ast .... 
IJextl·ini ,cd .' ta rcl1 . 
~twro~e ... 
.La rrl. 
l:lnttN fat (filtered ) 
C'od li n'r oil . . 
:\'al-[ 2 1'0 , .1-f , o .. 
Bone c-tsh ... . 
XaC'l.. 

I N itmgo n. 

;; -:\JII 
:J - I (i li 
I :\ 8 ~ 

I ·U~Il 
7 ~0+ 

Protein . 

~I) 88 
I \I 1\1 
8 liJ 

10 I~ 

(J.) I )~ ) 

-- -
I 

-

Lu c:f' rne 
Lu cerne -

I 

TcJT-yeJlm,· 

meal. yellow 1naizC' rnaize 
mea 1. n1eaL 

----

.) (1 ·II 

.·,o (I 

.)(1 ·li 
111 · 11 -111·0 

~ · II :!·0 ~-(1 

~n .) 

:; · II 
!) .(I 

+ -(I 1·11 -1 ·11 
1 II I II I ·II 
J :; 

~ 0 l·O 
l II I ·(I I ·II 

T oT .\L....:. ~== -~-==!====-~~~~;;;: -;;--~~~oo_o~-l = 1~~- -= 
I I I 1 81+ l-:J/.) 1 ·JR:l 'l'ota I ni trogen . . 

<'orr. total nitro -
gen .. 

T ota l protein. 
l · blil 

10 +-+ 
l - ~:\1 

J:l -fH 

~---------

-3:\\) 
S·3i 

Luce rne mea 1- l'ystin c ration l OO g m. luccnlP meal rabun () · gm. t· .v:-;tine. 

Lu ce rne-ye llo\\c Jnaizc-('_n.;t inP rat io n 
0 · \.) g rn. ('yst ine. 

100 gn1. luccrnP-ye ll <l\\' maize m en [ ration 

'L'eff- ,,· ello,,- nt<:ti7-e - r· y stine ration 
cy:.; tlne. 

100 gn1. tc!r-yello,,· maize meal ration 

The nitrogen of th (' yca:-;t ,, .. a~ not va lcula.te<l as pro t t'in -n it rogc tt i.rt \. icw oft he fa ct t hn t 
Still and J-\:och ( 1\1~8 ) " ·hen meas ur ing hy .\li t<·hell".s method till· h iolog i<·al n1l ucs uf diet s 
t..:ontaining O t H~ half of the nitroucrt from \"E'ast anrl one half from c·nsein (total :\ :.? ·H0;)) 
fott nd litct le suppleJ1\( 'Jltn ry n:- lc1ti011 l)(' t \\·ecn th e 1 ,,-o prutein .-.. 

In T:1hl,,] l an• gin•a I II \' indi.Yi(lual g·a1 11 s in lll'ighl ,,f eacL of 
.~IX pair~ o f rat.~ OYe r i"llf' P.'\]w rin1 en ta l 1wriod. 'J'hp per iod ,; duri 11g· 
\l· lt i1·lt t lu· .~ e gai 11,; :ll'l"tlllllllai t>lllliltt>r, lHnn•1·Pr, for lhr 1lifterPJll pair~ 
a1ul lt t> llCP ilt P llW<lll g·ain~ pp1· 11·epk <ll'P ralht>r to be CUi t ~i1le 1ed. ' l'ltP 
rldfPrPJJl·e ,-; in gain ~Yere :1ll i 11 fa,·ouJ· of the• 1"_\·s t ine s upplellle nt e d 
Ta t ion, 11·ilh an aY e rn ge diffPrenc p i.11 g<ti n ( m ) of :)· :~d: l g m. per ~YPPk 
f or all t l1 P ]'air~. The~P diltP reJJc- e .~ Y:uy ~~-;t h :1 ,.;i:1111bnl d eYiai-ion 
f m Pn r·lt pair rlifterencP (s) of 0· :)] g-m .. and h Pnce t he ~tan,lanl dt>Yia
tion of 1l1P m ea n cliffPrenl"e fm ~1ll :'ix pain (Sni. ) is eq ual to 0 ·20S2. 

On t be nss1UH)ltion i-hnl the cys!iJJP .-; upp le111ent ha rl no effect on 
t lte g-ain in weight a IllPDll <lifferenc·p in g-ain fm tlwse pairs which 
cloe ~ not differ :1ppreciabh· h om zer o, shonlrl b e 1-'.:qJe rlrd . Ho\\·ever, 
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J . H. 1\ E LLEJL\LI .\S . 

to test the Y:lli<ht~~ of su<·h a n h~· pothe~i:> the m e:111 <liften"'l~ce (n~) 
i~ r-omp<~red \l~dh it.-; ~\a n<bnl d eYiution (Sm) <JJ](l c: ul <" nb (e (D 1shN ~ 
1932) t = f' 1()·9()\.J. 'l'h i . .; n.lue j,., olwio11,;]~ · Yer.\· significant, :-;hmY
ing that tlw prohahilit.1· of finding a mean differe1: ce:. for G p a n ,;. 
o n ,.;imiLn rfltions , Jlt>arly 1 i time~ it s stan<Ln ·rl rlPnahm~ , ~s exc:t>d
ingly small. It can thns ~afeh· h e c:mHJnded thn! t h e gnm 1n wetgh l 
of the n1ts \Yhich re<"eiYecl a <lclecl cYstme 11·as <letillltrl.\~ gTeater i h:nl 
t hat of their r-rllltrol mates . 

Thi s <'<)]lclu ,; ioJJ is further ,.;nppod e<l l.Jy t h e fad that iu t he ~a:;e 
of all ~ix ]J<I irs , the rat on. tl1P J')·sti llP di t> t ga ined m m· e lll w e 1 ghi 
than the ("ontrol. If tht> ch:mces were eYen t h e <liitt>rences should <~ll 
h e in fa Yom· of <lllP of the treatments :in 2 x 0 )'; of th e cases, thflt i s. 
onee in >Hi <· fi,;es, \\'hich i s l es . ..; tba n J pn c:e n L 

'.l'his r e.-; ult is e n~ll more stl"Oll.Q·ly brought ou t if t be numlJ Pl" of 
11·eeld~· g:1ins iu fayom· of the nds receiYinp: eysti JJ e i,.; <·ompal·P!l witl! 
t hose i11 faY ou r of the control an im a!R. The re \\-Pl" P <Jltog-eth er J .J 
\\'ePkh' o·nin c; of 11·hich ;)7<) w e1·p in fayour of < ·Y~ti n P. T he numb er 
of \Y e"ekl\, gain~ in faYO\H of e.~~ ~t iue to be ex p-P< ' tNl if t h P l'hancP" 
were ev en is er-pwl io \i' c~ :.!2·0. Henl'e the tl.eYia tion hDm f'X [Je<:h!
ti.(Jll = 15. l'h P stan<laJ~<l rleYiat iou of this tleYiatio n is , / <) x ·G x -±'l 
( = , / npq)= :) <l':J . The Jlumber of weeh h eing· as higl1 ac; 4.1. I (cflkn
l a terl as hefoL"e) . 2!:~.; = (j · 7(; <11111 X ilw t tabl t> i s eutewll 1Yitl1 n ~ -4--1:. 
Thi~ give,; sig-nificance at the] per cen t . p oi nt in f<lyonr of thP <·.'·~hn P 
r a ts . 

Ta hle lll g-iYe,; t h e t ota l gains in \YeigM of 6 pain; of rat~ over 
a pe1·io1l of 8 11eek:>. ])uring- thi,; period all t h e rab n -'ceiYeJl the S<\lllP 
lur· e n1e-.\ ·ellmY mair.e m ea l rntion IYi th fl 0·10 per l' e nt. <"_n;tin P S1lpplP
meni to one Hll imal in Pach pa il". Although \he meall (li:ffPr encP 
be twee n the total gains in w ei.Ldli- "~ithin ih P six lla ir,; is t)·S:J gm. 
in faYom· of c.\~st iJJ e , the <lifteL"ence i;; i.nsig-n ifi n 1u t I'Ompare<l 11·ith it .' 
.-; \anclarrl (leYialiou 11·hich i~ ,)-4:-n g-m. Neither i . .; th ere a ny ~ip:nifi
caui respon.:;e to eith er treatment in the uuml>ers of pair fln<l IY eeld\· 
g-aiw; , thus <·onfinning the ohserYationR of )lcCollum , Simmomb a111l 
Jlitz (191 i ) th at m air.e n n!l lucrrne c;an corred thP <leficiencies in 011 e 
:moiher ',; p1·oteins. 

l<'rom T ahle I\~ it 11·ill lw seeu i lw t the pfred of a !".\-,;t in e snpple
llleJJt to the protein~ of a t eff-,'1 ellm1· mnir.e m ea l, on th e gai11 iu \n•i g-h t 
f or the six ]J<Lirs of r:1b; onr a prrio<l of 6 \Yee k,; , iii JlPg"Jig-ihle. Th P 
mean <lifferenl' e of 1 ·S:l gm. in fu your ot th e c_'l ·stint> c;up]Jlemeui is 
Yery i nsig-nifirflnt couTfH\rP<l " ·it l1 a S.D. of n singiP 1lifferen ce r qnn l 
i·o 2·927 g-111. .Lihwise the <leYintion c; of th e numlwr s of p ai1· anrl 
1n~ekl.'· g-ain ~ hom tlwir h .1· polhetical vah1ec; , ~~~ 11 en !he cha m ·es werP 
eYen , <1re \YPll 11·ithin t h e r:mges tlwt could r en.-; r)]lahh- lw allowed fm· 
nlll <lom sa mpling Pnm·s . · 

The teff expe1·iment \Y:ts r epeater] IYith a 0·0 gm. ')·stiuP SHJlplP
ment but the reomlts cl nplirat r t h o,;;e of the precerli ng- Px periment io 
.-;neh a consHlerahle exte ni that th e 1· haYe her11 omiHr<l flnrl neerl n ot 
lw further d.es1Tihecl. Onr is ther~forr lerl to the con clusion t h at :1 
1·omhination of m ai r.e :1ncl tdt protPin s is ef!lcient fo r g-rmdh. 
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I. l3. hU.LI-:Ii.\1 . 1~.:': . 

' I'Jw fol.[ullillg· pn•lillllll;ll,;,l· P.:\.jJPI'illlPII( j~ b;i~Pd llJIOII l{illllJ1g(Oil 
antl llc>kke r' ,; ( I!J:l:.:' ) h_1potlw ~ i ~. ;111<1 it dt>al~ 11· irh tlw pffpc\ t>f inc·uhat-
111,!.(' luc Pl'D! ' lllP;il 11·it h .. l'lllllin;Jl juice .. uf a ,Jw,•p un thp _!.(T()II·th
JII'OillOling 1· a luP t>f tlw lw·Pl'IJ! ' JII'Otl-'ilh. It 11:1~ th.,ug-ht that if. 
for insiaw·c ·, tilt' ku·tl-'ria in ;\ ~hc>t·p·~ l'lllliPn c·oul,l ~.1-llllw .~i .~P , ._~ · ~t Lll<' 
to ;\II <llJlll'PC·i.nblt> c•xtl-'n1. it llltght hi-' JH>~~ihl t> io ll E' lll()lhlrail' IJ io]ug-il'
;dh 11· ith r;Jt ~ tlw innt>a:-;e in ,., · ~ti 1 1 P. 'L' h p Llli Pl' i~. '' -~ 11 · ;1~ ~hmn1. 
lit~ Limiting- bdur i11 the· lt~~·l-'ri; P protPin~ <111d. if then·l'on•. <Ill adtli
tioJJ;Ji ;Jlll01111( of it ]J;h iWt' ll ~I iilhl' .~i~l '!l ill · lhP ]J<)('(pJ· i;l, ihPII , if aiJ 
o(bc-'1' Yalrll'~ I'Pni;JlliPil (iJp ~; \ll.ll ', ( hP _!.(TIJII:th-jJl'OllliJlillg· \';Jllll' Of (ill' 
incukilt>tl luc·PJ'lll' oug-ht to hP 'IIJII-'I'ior in th1· llJJtl'l':Jtt>d lli:J( p r in l. 

ln ()J'IIt· l· lu (,·~t i h P ,-,didi\\· of 1hi .~ ;\~~lllll]lli o )l. <Ill <llillil Jlii'J'ill" 
II·Pt her 11 · a~ i ed for n n1 · lllllidh 0 11 luJ·<'I'II<' ha1·. It 1\'a~ ilu•JJ ,; lan:..d ii <· I'Pd 
a 111l Ill•• rlllll i l~<Jl •·"ni''JJt .-.; n•iilt>I-,.,J iJllJIIPdi·,,l,•ll -. 'J'!J,. LJ1t1·r ,·,~-·ig· he·d 
::·li:_!!) 1\g-. 11itu ;JII ;J\'I" I';J_gt' lllll i~t\11'1" l't>llll'l1( ;~~ - /--\;-)·.-) !J<'I' I'I'Jll .. 'J'h1• 
l'unll'll( ,-.; 11<'1'1-' I>IL1 al -11111 '1 ' into g- 1;1 ~ .-.; :i<~r~ and i lll'JJb;liJ•Il l'nr till'l'l' ,J;~_, - ~ 
;ll :no ( ' . ()J II 'I·' d;iil,- tlu•1 ll' t' l'l' thuroJJ!.thl,· mix,•d I>Y ""''" i11 ord('1· 
l11 l'U-.;IIn-• <JII 1'\' t' ll h;J.I'l!'l'i(JJ ,Jp\·t•luplil!'lli .. ;\( t hJ• !' li;JuJ' t !J i~ IH ' I·iu,J 
t h t> I'OillP ill ., II 'PI'l' ,Jj],Ji p,J 11ith 11·;dPr at ahout :;70 ( '. ;J nd tl11· .. _j uin· .. 
~t rain Pd t hruug·h lllll~iill. T hi ~ 111 ''"'''"111'( ' 11 · ;1.~ i'l'IH'a\Pd IIIII'P ;1nd tlH • 
•·uinhinJ•d pnrlioiJ ,, of .. _j u il'l' .. 11'\ 'I'P I ht'll ;J,J,J,.,J (I, <1111l 111i-'''" 11·it h 
I <1 Kg- . of llli· PJ' IIJ' lllenl. T hi .~ 111 turn 11a~ iJl\·ulwtPd for (11·n da Y~ 
at :;7° C. ;~ft<·r 11·hil'h it 11- a~ driPJl at apJlroxiuJ;JipJ_,. 10° ( '. in a hoi 
;Jir 0\'PII ;) 11 11 i ll!'III'JIUI 'atPI] in l hP I';Ji ill ll ;-;, ( 'Olli'\IITPIItJ_I' 11·ith il1i,.; 
I':O.:PP I'llliPiil Ui! •J·p 11 · a~ 1'11 11 Oil \-' 11 it h r;~h i 11 11· hi1·h I he t•ff,•d ul' ;JJJto
daYing- 011 llw gToldh-promot i ll.L(' Yalu P of llll'PI'II P prolt•i11~ " '"" ;~l~" 
dPtPrmined. I<) 1\g-. of IIU·PI'lll' nlP<il 11 ;)-.; mu i~1PIJPd 11 it h 11' <11'111 \\ '<Iter 
<t 111l <Jlllocl<JI·Pd lll g- Li .-;s jar .~ fu1· I lt011r ;Ji I E..!.:·. prt>:-; .~\11'(' ('1'.21) 0 ('. ) 
;JJI!l {in:illy ,hiP(! ;1,.; d e,;nihecl ],pforP. 

'l'Jw :J IJii JliiL n-·ftL;-;ed to P<~t tlw iltl·tth;tlt•llllll'PI'll c' J!IP;lir:ltioll fur 
the rPa .~m t 1 hat i1 C <ll'l'i~c•t l an ;11 ·id odonr r e .-.;pmlllillg- lH d,l· rit· <11·id a~ 
11·:1~ fcmnd l ll· Jl eJ·hdPl. ll olll'\ ' ll '<'ll, D ull'lwr a1111 K11UI~Pn ( 1!!:.:':--\ ). 'J'h,. 
!tu·o rpoLJ\ioll. of ,-) ]WI· I' Pllt-. of L!'eii'Pr·_, .n':l-;1 and (i pel' cent . of ,.,\J W 
moln .-;~e~ i 11 tL P 1·alion pn>YP11 to lll<JkJ• i t p:~lat<Jl>l~c•. <111d ;d tl11• :-.;J llll ' 
ti m t• ~llJIJllird au opii lll\1 111 alllotmi of l l11• Yilnmin-ll l'Ollljile::\ . 'l'hP 
I'II III JIO:-;ilioll IJJ th1• r:Jiion .-.; f iii<JlJ\- ;~doptPIJ i .~ g-il-1'11 i n ' l' ;ihlJ• \' . 

' l' lw I;Jid,, ~ho11·.-; l h;il th f' proiPi 11 l'll liiPnh of j·iJ,. I'O II(rol <llld 
i nl'uh;l tPd r;ili~>n:-; in _gTnup I "YrP !J·(j() :1 111l 1)---J .. -, , and of ihP I'OIIil·nl 
<~lid autod ;~ ,·p d r;il ion,; 111 gm u p II , I tl ·:.:' l ;1 111 1 K·K!J p t•r \'Pill. 
n•:;pediYP1_1'. 'l'hi'I'Pfu rp l hP pro iP in l'<lliiPIIb of the r;ll· ion,; in g- roup I 
difft•J·pd o nl _,- lll - 0·1 .-J pt'r I'P lli . i11 LJI'0\11 ' ol' t l11 • l'llll( r ol r;~ti olJ, whl'rl'<i,; 
l lw,.;p ol' g-m up J I tl ille n •d l1_1· " ~ 111 \l l' h " ·' I -: ~:.:> JWr ('1' 111. in l ' ;~your 
11f lh P cu 1ilro l di f't . T hi ~ g'l't'<ll diili'I'P III'(' i 11 pr~>lf'ill 1·oniP 11h 11·:1 ~ 
lll·oug-ht ;~ l ,uut h 1· ;111 ;IITille ntal lo ~,; ni' "OIJI(' of i h P ·• .iuiJ'I' ·· during· 
I iJ p ;\ tiloi'LJ I' ill,!.(' ]>1'01'1 '.-;.-; . 
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J . II . l \ E LLERMANT\ . 

In Table Yl it i s important to note t ha t t he 1·at ,,·hich receiYed 
in cubat ed lucern e m eal in t h e fifth p a ir g ained nothing in \\·eight . 
At first its g rO\dh ra te eomparecl well with that of it s p r1 i r mate h u t 
!luring the progress of the e:s:perimer:t thi ~ r at h e(' am~ ill for ~om P 
unknmn1 r er1sou and lost all t h e we1g ht 1t h a d p 1·eywusly gau ted. 
The fifth p a ir is therefore ignored in t h e con sid er a t ions. The mean 
d iffer ence b eb,·een t h e gains i n ·\\'eigh t, 7 gm . i ~ in fayou r of t llP 
control group , hut com paretl " ·it h i t s stamlanl !leYiation of 7 · 65 gm .. 
i,; iu,;ignifiean t. .A rliftere nce of this ma g 11i rmle could he clue to 
r andom sampling , ,,·i thont au,\· trea tm en t effect, in more than :JO 
cases out of eYery I 00. X either i ~ ther e an y signifi<'anee in th e 
d iffer enees hehY een th e numbers of p r1ir .anrl wee kl)· gai n s. 

'l'able VIl shmn a mean rlifter en!' e h et\Yee n th e total gaim; i n 
weight of rat~ re<' PiYing auto('laYed h teern t> -m ea l aucl l h e controLs of 
H gm. in fayour of ihe latter. The sta n d arrl rle,-iation of t hi s mean 
differ ence i s equal to :i·2456 gm . H en ce 1, w h ich is ectua l to 2·464 , 
fails to he sign ifi cant for 6 rlegTee .~ of heerlom. The1·e is also no 
significan ce i n either th e num lw r of p a ir or \\eekl~- gains. 

In Table Ylii are giYeu the-w (weight in nea,;e) / P (protein 
t:o nsmned ) ratio,; as !'alculaterl from t h e bYo preceding table,.; by the 
m ethod of Osborne , )Jeudel and F erry (Hll9). Aga in ig noring the 
iJth pair in Ta ble 1~1 the m eau rliffer en ces \Yithiu p a ir,; a r e equal to 
0 ·1556 an rl 0 · lOFJ from the tiYO t ables r esp edi,-e ly . Both differencp,; 
are in significant compart>rl ,,·ith th eir respeetiYP stan rl an l rl e,-iation,; 
of 0 · 0()S2:J aud 0 · 07527. 

1t may he r·ondmled, there f01e, t h a t iur·uha t iou allll a utodaving 
hall, under the e::qwrimelltal courlit ions, no effed on tl1e gTmYth
promoting Yalne of lucenl P pro te ius . 

0 ISCUSSION. 

More a t t euho11 ha s al reatl.'· lwPn giYen t o the st url.v of t he lu cerne 
proteins than t o tho,.;e of an y oth er hay or grass. This is tlue, no 
doubt , t o the good qualities of lucerne, a llll its e:s:ten ,;iye u se al:l a hay 
::mel green food in the feerling of mosl rlom estic ~lllimab . Of cou rse, 
the qualitie~ of n protein rl epenrl Ln g·ely 1l]10 il itR grmdh-promotin~· 
Ynlue , anrl tltP lntter again is clepen(lent u pon itc; essentia l amino 
acid-balan!'e . Ar·co rding to H agg's (Hl00) an d t h e ah oYe ob~mTati.ons 
it seems that lueerue proteins contain enough of a ll of the essent ial 
a mino acids (excep t e,n;tine) for grmdh in rats . These 1n·oteius n111st 
be qui te lm1· in cy stine because Haag (l 9:JO) has fou ntl that 1·ats on 
a ration cont aining 10 · 04 p er cent. of t h em and onl.v 0 · 05 per cent. 
of arldecl r;ystiue Hl<ule better gTo \dh t h :m a nimals on t he sa me ration 
without a rlded c)·stin e . 

'fhe only pa per in t h e l itera t ure ill w hich t h e cvstine con tent of 
lucerne i s giYen as cletermin erl on 1 h e >~·hole pia ut is that b~· \Yoorl
ma n , Eva m; aud ::'if orma n ( lf)::]:l) . They rletennin erl the eystin e 
cont ent of lucerne b)· t he me thod of .Eva ;1s (1931) \Yh iell " rl~pends 
01.1 t he asimmption t hat eystiu e, either i n t he free or combined state. 
y 1elrls two-t hird s of its sulphur as sulphi de 011 trea t ment with r1 l kali " 
ancl found i t to range frorn 0 · 09 to 0 · ] .) per CE'nt . o f the rlr.1· nwtter 
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CYSTl~E llEFICIEKCY OF L LTCEUK E PHOTEI~S . 

with a me au value of 0 · 1:2 lJer ceul. This Ya l ue is of i. he same order 
as " ·a s fountl by EYans (J 931) for pa8lure herbage . Dr. Henric;i of 
the \' eld Ue::;erve, Fa nre.·nnit h , was kiml enou gh to determine the 
cystine content of a smnple of lueeru e meal acconhng to h er method 
(1 932). The sample contained 17 · 7f:i p er cent . of crude p rotein , an !l 
she fouml its cy;-;ti n e conten t to Y<U'.Y h om 0·070 t o 0·076 p er c;ent. 
of the cl1-y matter ~Yith a mean Yalu e of 0·07:3 per cent . 

Although the m ethod,; uf \Yootlman et . 11/ . an!l Henr iei for lleter
mining e.vstine iu g-rasses are quit e lhfferent in lJr inc ipl e , it is ot 
intere,.;l to Jlote that their re"ult s shmY a fair tlegree of similarity, 
alHl IY er e it not that \Yoo!lman mHl co-workers omitterl to g iYe the 
protein contents of their ~ample,.; , thei r e_1·sti11 e Yalnes might even 
h ave been nwre comparahle 1vith those of Hem·ici . HoweYer , the 
r esults giYeu above are b.1· fa r ,.; till t oo !liYergen t t o warrant any 
definite conclusions as io the GY ~tiue conten t of lucerne arul , more
oveJ· , the Yarious chemical metl~ods for determ ining ey::;tine in plant 
materials not only l1iffer mueh in princi ple hut all of t hem offer small 
hope of eliminating all of the many inter feri ng sub stau!'es prese nt in 
hays and grasses . 'l'he chemical aiHl bi ologica l metho!ls aYai.lable at 
]Jresent for evaluating the <' ystin e content o f h a)'S a n!l g r asses. there
fore, seem to fall in the same categmy in so far that they onl .v give 
relatiYe values upon 11·hirh it will he ra ther !la ngeron f' to foun(l an~· 
l1y pot hesis . . 

lf the average cy o;tine values of 0 · (J7:J pe1· cen t . for lucerne and 
() · 72 pPr !:eut. for top brewer 's yensl , ;1s fountl by Henrici. , and P1·unt,y 
(1900) 1·espectiYely, are tabm as more or less correct, th en a s.n1thetic; 
ration containing 50 per (·ent. of lneen1 e m eal an cl 2 11er !:ent. of 
bre1ver 's yeast 11·ill only posses~ 0·05 per ce nt. of l'.\' sti ne. 'l'hic; value 
i s un!loubtedly too lm1· fm pnnnoti n g nonua l grmd h i u rat,; a}](l needs 
no further comment. On the other hall(l , ho11·ever , i f ii. i s assume rl 
that an adult :Yieriuo sheep eommmes on an a ver age 4 lb . of dry hay 
per da.\· ~Yith au aYE•rage eystiue ('On ten t of 0 · 01:1 per cent. , it will 
take i.n 1·07 lh. of c .\· ~i.ine per nunmn . On the furth er a ssumption 
that only 00 pei· cent. of the cy ,;tine in lucerne i s actually ret ained 
in the animal for pcll']JOses of wool-protein tiyn th esis, the a nimal will 
still have left enough c:y:-; tine for protlu ci ng a 4· 1 lh . fl eece of dea n 
or about 8 ·5 lb. of grea se wool whi.eh i s a good aYer age protlu ction 
per head of Rheep un der goodnmJ tagmn ent , and i t i::; clear , therefore, 
that even though .a food substance is lm1· in !'.\·stine it m ay still contain 
sufficient eystine for normal wool growth. 

It should also he pointetl out tha t hecam;e t h e incubation of 
lucerne meal IYith the " ruminal juice " of a sh eep !1i!l not enh an r·e 
the growth-promoting value of the lu cerne proteins, it does not i n t h e 
least disprove the theory of Riming-ton and B ekker (1932) tha t sh eep 
may h e eapahle of s,vnthesising eystine thr ough a symbiotic action 
of their intestinal flora . It may h e that cystine waR syn t h esised bY 
the bacteria hut in SU(:h minimal am ounts tlJ at i t coul !l n ot be 
detected under these experimental conditious. I n or der to t est th P 
validity of the assumption that the haeteria in a sheep 's rumen mav 
be capable of synthesiRing cystine , more delieate m ethods "·ill baY·e 
to be resorted to in future , and i t may not he out of place to mention 
here that experiments are in progress in t his l ahorntor y i n whieh tl1 e 
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eltects of fpt •d ing hariP J'ia, i,;o l: liPd from a ,;\iepp',; J'Ui ll t'll <tnd ('u l ti
Yaterl i 11 <I tt i tlt;U IJ<t to r , (o you ttg r<Jt .-; on a cyst i ue deficient did, <ll'e 

siucLird, <111 d 11i l l lHl prrse ntrd :1.; .'iOill1 a .-; l1101 'P rl::tla <~n' :t\·aib1Jle. 
l'mi hPr n tm·p h,- incubating l ucern r 1neal ,,·it h a -;h1•ep',; " ruminal 
j u ice ., ihr f lll ;l'iion of l ltr- p;·oto:w<J ha.; lH-'Pll tPI 'll liJJ:ttPtl :t'i ihP\. ,]iP 
oft Yen· ,;oo n :tfiPr re m o1al hom tl1P rumen , :1llll it JllHI l1 e that onl v 
t h ey ,,·n cl n ot t l1 P h;tdr r ia nt Hl ypa,;t ,.; arP cnpal1LP of .-;nlihesi-;ing· 
CYstine. 

SU MMAR Y . 

(] \ A .-<hu l1· \i a.; l1PP II nwdP of IIH· .;upplPI II PIILi r_l- Y:tim• ol' n ·.;linP 
1ll l l ~t· JI I'Oi Pill ''i or luc PI'li P LucP I'll ('-\'t'Llo\1' III<IIZP <l ll d trfl-~·rlluw 
lll<t iZP, all d t h 1• P li PI' i of hP;J( ':t ll d ii ii'U iJ; Jti<lll 11it\i <I ,.;\ t('t·' J>. 'i .. l'l;lllina\ 
j 11 i1'0 '' tt po n l h P g- rmdh -pmn J oli lt .~ 1·alne of lui' P1'111' prOil'ill 'i . 

(:2) Yo u11 g ral-; ft-•d liJ HI II <I r;ttio n " ·ilh ltii'I'I'IIP-I llc'<t l a,; ibP o nly 
cilllil't·P of proiPi n .; uHt• rpd l' mm a d r fi,·ir•ncl· ,,-hit·h """ int1 ltPdi<ill'h 
n•tlHJ\'t•d h1 i\ 11 • <ttl d iiio n lo ihc- r< t lioll of ()·\ pn r·Ptti. o f 1-t·_, ·.;(itll'. 
J) ut·i ng- a JIP1·io d of (j to S 1\·r-•pk.; l ht• 1·\ .-<litH' fl ·d r;th g:~int•tl on <Ill 
<li' Pra g·p '!(}· !-1 g·nt. liiOt 'P i h <t n i lwir r·rJII t ml tli<J IP'i. 

CIJ .\ r·oJu hin:ti io11 ol llt<tizP <Jiid lucPt'lll' 111 · 111<1izP <IIIII IPH proh•i n .; 
1\'<l.-< fo tu11l a d Ptptait• fur gro\\·( h a till [pf( tlO anJino-<J!'id deficiPn<·ip,; 
1111 1l<-•r thP P:\ ]IPri m Pntal t·Oiitl ition.<. ' L')Jp grmdh - pruuJoting 1·aluP of 
t he comhil ll-' rl pr o i-P in ..; \\ 'P I'P 11 o l <' tl h <1JICP<ll l\· 1ht• arlclitiott of 0·1 :) per 
c-P n t. of 1 -c\ · ~i i ru ~ . 

(-1- l ' l' h P i 11 c uba ti on lor 111·0 rla_,- _, al T i ° C. \\·i t li t hP ' " nuuin<~l 
ju i<·l-' , . of <I .-;hi-'P JI ot :i1 :1 or ·l:t l-illg f11 r rttlP ltnur :tt I 1\g·. pre!' .-<\11 '1' 
, 1:20° ( ' . ) h:11\ iliJ ertpc-1 n po 11 tl11• g'l'll\l·th-pm tnolitlg ,-nlnr • of lur· <•l'lll' 
protei n:;_ 

1' he <Ju l ho r ,,-i,[H•c; lo ;t l'kllo\\·lr-•tlg·e tl ll' :l.--;.;i ,-'i<llli'P of :Hr . A . ]'_ 
~f ala11 , of i b i,; l n,;llttdimt, 1dw mflrle a .;tatistical analy.;i~ of tlw 
J· e~ 1 1 lt s . 

. \ '\ Dill': \ \' ,-; , .J. ( ' . ( ID:2.)) . T ill• o p lit':ll <~ctil· ii_-' · of <·y,t itl (' . J. !liul. !'/,I'm .. 
\ 'ol. Ii-i, 1'1'· 1--17-1.)9. 
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