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'1'1-rn conception of biol,og-ica l n1l11es of prote ins \YUR firs( .intrn<lucecl 
b.\' 'l'h o mas, who clefin ed biological value as the 11 urn her of part R of 
body nitrogen replaced hy 100 parts of foo<l protein. Hi s tech11iqne, 
adapted to human beings, was subseque ntly moclifiecl aml elahornled 
hy Mii.c·hdl (1924) and Boas Fixsen <lllcl Jackson (JD32) £o1· applica
tion io rats, and forms at present the ba sis of measuring- the biological 
rn l ue of proteins by the n i frogeu balance sheet meth od. 01 her 
rnethocls of ('Stimatiug the biological or nutritive Ynlues of protr ins 
haYe nlso heen clevisecl aucl appliNl ro sbo rne , )frnclel HU<l F err_\
(] 9JD) an cl )foCollnm and c·o-\1 orkers (1921) 1- 'l'hese m etho<ls, ho11-
cver, accept as criteria nither nwinienance of nitrogen equilibrium 
Ol' main ten a nee or increase in hocly,1·eight. Sr Yeral ohje("tio11s, o;11d1 

ns differences iu food intnke, rlurai io11 of experimeut , arnl tl1e 
omissicrn of an allowance for the mnintenance <]noi.:ci , haYe been 
i-::1ise<l against the latter methods , and it hn s Leen pointecl m1t that 
Hie signific:111cr of results obtain erl unrl er these r-nnrlition f.l is in lll~rn~· 
instanees clitfir-nli to assess. In their reviews 011 the hiolo~·ical valne~ 
of pro tein s, ~Iitchell and Ha111ilton (1929), a,; 'wll as Boas Fixsen 
(1!J10) , haw scruti11izrrl ancl full>' r1iseusser1 thrRr ohier-tio ns . 

It appears from an an nlysi s of the methorls r-oncemecl with t11e 
determination of tlw hiologiral Yah1 e of proteins, that ih e halance
sheet method is the on lv one which rlisr-rimina( e .~ drnrh hehn~en 
nhsol'berl a111l inge,strrl n.itrogr11 au11 c·onsequen !l>, is not .in flu rnced 
in any 'rn \ h» clifferences in <ligestihilii_v of the proteins. The 
hi ol.ogical Yalur ohtainrd h.v this mrthocl i s ;1 rnras1ne of the 
maxi1m1m percentage of absorlwrl nitrogen ntili11e1l iu anaholisrn and 
can therefon), not be vitiated by rl i:ffe1·encrs in food iutake a s is the 
ca se where increase in 11·r ighi.' is the solt' niterion. In fact, the 
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ge1rnral temlency is io reganl the biological value of each protein 
01· each prot<"in mixture at a rlefiuite level of intake as a constant. 
This assumption is hasecl 011 the generally accepted tlrnory that the 
bocly',; demand for tissne synthesis involves a rather constant propor
tion of the different amino acir1s. Ho\\ever, <lifferent proteins may 
cliff er appreciably in their respectiw h io lop;i cnl val nes. 'l'h i s f:t ct ha" 
been amply demonstrated since i he tirne H nbner (1897 ) fm:mu l ate.<l 
the h ypotliesis that all proteins \\ere not of the same vah'.e I ll nutri
tion. 'l'his rlifference iu biological value <loe,; not only ex ist between 
rliffereut proteins, hut also in the same protein rlepending on the 
level it is ferl anrl the purpose it is cleshnerl for in the bod y. 

'l'he rliffereu('e in biological value amongst 1lifferent proteins is 
rlirecth attributable io the vm·ie cl amino ac:id ('Oustitution of the 
respeci.ivc" prntein molecules, the <lifforence at cliffereni levels of 
feedi11g being presnmahly <lne io ihe excess of amino aci<ls bei~1g 
rlnnn1 inio ihe oxi<bhrn processes of the hotly and catabolizecl, 'vlnle 
biological clifferences of the same protciiu for different functions may 
he cleterminecl hy the neetls of the ho1l.\· for simple nitroge11ous 
compouncls on the one hanrl (mai11te11nnce) anrl a more complete 
assortuwn t of amino acids on the other hand (grmdh). 

It seems rea sonable to explain tlie biological differences heh\eeu 
proteins on the basis thai proteins differ c·hemically in their IJrnpor
tions a11rl nmouuts of inclispe11sable amino acids . Sorne proteins may 
la('k certain of tlle,;e amino aci.rls \Yhile (Jthers may he rlefi.cient in 
some other 01· a rlifferent comhination of iHclispens;hle amino ar·irls. 
A <leficiency of oue of these amino aci1ls may limit i1artially or totally 
tlrn Test of the amino acirls in the prntein molecul e for gTmYth. ·\Vhen 
two or mme of these irnlis11ensahle :1mino aciC!s are lacking the 
utili11,atio11 of the rest ami110 acirls may he foriher impairetl. .Mitchell 
anrl Srnnts (1D02) liavA shm\11 that \Yl1en maize , "·hich is deficient 
i.n both ly sin e arnl tryptophaue is sumilemented \Yitb l.niue only, a 
small improvement in grmdh is ohtainecl. \ V hen Tr;.·ptopliane alone 
is ferl in c:oujunction "·ith rnai.11,e no improvement iu grmv!h \HIS 

noticerl. If, 110\YeYPr , both l,rnine and h-yptoplwne :ire arl1ler1 to n 
ma hze ration r,iguifi cant in crease in "eight re,rnlterl. The more 
nearly, therefore, a protein approacheR in r:ompositi.on the average 
amino acicl mixture for the purpose it is iutenrled for, the higher is 
its biological Yulue. A perfect protein w011l<l be one wl1ich \vhen 
ingested in amoirnh equal to or less than the output of nitrogen on 
i1 nitrogen free 'liet occasions no rise in the uitrogen outrrnt, ihns 
showing that none of the amino acids present in the protein has heeu 
wasted. 

It seerns ver,v imprnhable that the biological value of proteins 
for mai.ntenanc<" \\'Oul1l lie !he c;a me as thai for growth or milk 
p1·~1cli.:ct10n. Acconling to .:\lifrhell (1929), \vhose iheory appears to 
'"om c1,le hest \\·ith the kn own fads. the minimum enclo~·enous 
nitrogen (Maintenan<'e) rloes not involn~ the 11isintegrn! ion c;f pro
tPin:;, liut is rdaietl entire!.\ io iliP rneiaholism of nou-prntein nitrn
genons coustitnents of the ti,snes. If snch is the case it can readilv 
he app1·eciated that incomplete mi~tures of amino U<:irls or incomplet~ 
protein s or even nrn mrrniurn salts can be pnriially utilized to cover 
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the rnn in tena nee rel111iremen t of nitrogen, hut r:a n obviously not he 
utilized for gT011·th. Hence it is appare11t that ,.;orne protein s may 
exhibit higher biologirnl Yalues for maintenance than for gonytJ1, 
sim:e ami110 .aci ll deficiencit>s nwy not limit protein utilization for 
maintenance, but certainly dlws for grnwth. In the latter case a 
lleficieiicy of on e of the i1ul ispPnsable amino acicls ma.v block 
synthesis of nff11· tissues , 11· it h the result that di.a miniza ti on of the 
amino acicls takes place and a 1011·e1·ed biological Yalue is obtained. 

J t is, thernfore, eYident that representative Yalues of protein 
m· mixture of proteins can he obtained only 11·hen the biologic:-il yalne 
is (lerennined for each at rlifle1·ent leYels of intake and for the 
d.i.fterPnt fnnctions in the hocly. Ho11·eye1·, it appears fairl.1• hopele:-;s 
to separnte these functions to such au extent that the biological 
rnlue of the prnteins 11,;ell can he assessed separately, since the 
physiological functions, such a::; gi·myth and mi lk production, arc 
superimposed 011 mainte11 an ce. Consequently the resirl ual amino 
acids, \Yhich are JJOt usecl for maintaining the iniegrity of the 
ti ssues, such as ]Jo:;sihly lysine an(l c.v . .,tine may enhance the biological 
Yalue for growth. Tlwrefore it becomes necessary to relate the 
nitrogen retainecl for hoth maiuteuance and grmdh to the uitroge11 
a bs01·betl. In i his publication, biological Yalnes give a comvosi ie 
mPasure of both maiutenauce and gro1dh. 

The biological de term iua tions reported i 11 th is pa per a re ba se<l 
e.s:d nsi vely on t lie nitrogen ha lance sheet methocl and co11se:1uen tly 
rPfereuce 11·ill he mack only to \York carried out on the same basis. 
".\feYens (1921) " ·mking '"iih rats ohtainecl a biological vah1e of G2 
for lucernemeal ai approximately 11 per ce11t. leYel , while Satola 
(HrnO) on lambs found a value of 5G. )fitchell (HJ3G) in comparing 
biological Yalues of ra11· and roasted peanuts {ournl tliat raw 
peanut ,,·as slightly superior ant! sho,Yel1 a biological Yalue 
of i) 7 · 8 at an 8 per <'en t. l evel in rats in comparison to 55 · 7 
for the roasted prorlud. Pi:mg (19:30) obtainecl a Yalue for peanut 
closely apprn.s:imating Urnt ohtnined hy 11Iitchell, namely 59 · 0. 
Jllmever, Holdaway , Ellett au<l I1 an is (192;)) assignecl values o{ 
84. 78 ancl 77 io peanuhneal , cottonseedmeal and soyah<>anmPal 
1espectiYely for lactation. Ou the other hand, Morris au<l \Yright 
(l VTl ) for the snme func:iion obtui11el1 a biologienl Ya.lue of pennut
meal of 00. In the lattc•r case peanut111cal 11·as supplemeniecl b5-
a ppreciable amount ;; of oa b. Ileuee th e biological value reported 
for peanutmeal i,.; actually a supplemeutecl biological Yalue of peanui
mea l plus oats. 

Nevens (1921) in his (letaile<l study \\·ith rat s on thP nuiritiYe 
rnlue of eoiimisee(lmeal obtai.necl a biological Yalne of GG at a lPYel 
of approxirnatel.1· 11 per cent. :Mitchell ancl Hamilton (19;31) in u 
comparison of liuseeclmeal ancl cotionseednwal in pigs at a 9 per ceni. 
lernl fou11ll the biological Yalue of the latter to he G3. On the other 
harnl Rramau (1901) from Mitchell' s laboratory reported a Yalue of 
78 for cotionseellnieal at an 8 per cent. leYel of feeding. In a rleter
minatiou of the hiolog:icnl Yalues of proteins nt difforeni lenls 
Jlitchell (1924) obtained nlues of 79 and 60 resp ec tiYely for oats at 
a ;) and 10 per c<>nt. leYel. 
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ExrERJ ME:qTA 1 •. 

. Rats "·ere u sed as experimental anirnals. All dei.erminati.ons 
1nre carried out accorc1ing to th e rn ethocl of Mitchell except that 
un ly one biological value 1Yas <l etermine<l on a series of six rat&. 
'l'he nitrogen low veriorl " ·as corulncte<l eith er prim to or afi.er the 
protein period. In seYeral cases nitrogen lo''" periocls "·ere run before 
aR ,,·ell as after the protein period. The <1ata , ho1rnYer, cli<1 not 
shO\Y any significant nniation and r·onseq u ently it " ·as drci <led to 
nm nitrowm 10,1· periods either before or aftl'r 1.he per io<l of prni.ein 
fee ding. 8ix-r1ay periods were allO\rnd ou a nitrogen low rnti 011 

for rat:; to adjust thernseh·es to a constant nitrogen exnrtion. Rats 
\\·ere kept fo r th e sa m e lengi h of time on the prot ein rntiou before 
collection si.artecl. Collection i1eri.ol1s 1Yere of seYen days' cl nrati OJl. 

Thine " ·as collect e<1 iu n c:i cl, arnl the daily faeces cligestecl by th e 
usual methorl. The 1nek's di gest~ of faeces \YC re ma(\e up to knO\Yll 
volume arnl ali.quoh cli :-;tillecl for nitrogen determination. 'l'he urin e 
eollecte<l over the period 1Yas m a cl e up to a known Yolume and al iquots 
analysed for nitrogen, conection l.Jeing made in t h e end Yolume fo1· 
1laily addition of .aci<1. Hations \\·ere made up so as to contain 
approxima tely 9 per cen t. of prntein. Analyses, in duplicate, \YeJ: e 
macle of all rations after mixing aul1 before placing them in the 
icoebox. In all case:; ihe JJitrogen low rations 1Yere eciuali~rnd as fal' 
a~ possible in fibre content to t he protein ration . The protein feeds 
te.-st ed \Y ere of the sa rn e n at ure as t hat fed 1.lllcler practical conditions 
except oats, which \Yas a pre1rnr ec1 pro1l 11ct put out by a connnercial 
com pa 11y as .a breakfast foocl. 

UEST.:LTS. 

The nitrogen metabolism data as well as the calculation of tllG 
biologica l Yalues are giYen in Table 2. The si an1lanliy,ing lleriocb 
on t he Nitrogen lmY ration precec1ec1 th e protein feeding period iu 
all ('.ases es:cept in the case of coprarn.eal 1Yhere the nitrogen low 
periocl 11~a;; cornlucted after the protein perioL1. The purpose of ilH' 
nitrogen low periods is to cletermin e the excretion of metabolic 
nitrogen in faeces per grant food consumed ai1cl of the endogenous 
urinary nitrogen per 100 grnnrn l1011 yweight. 'l'hese figures an) 
assum ed to be t h e same lUHl er protein aclminis1 ration and are, there
forr , applie1l in the c~a l ('11lation of biological Ya lues as factors for 
estimating the coJJtribution of the body of the nitrogen appearing 
in the faec es allC1 t h e urine. 

Th e accepted coustarn:y of t h e enc1ogenous nitrogen is m1turall;.
au important factor in the cleterlllin ::d ion of biologica l Yalues. The 
11·ork of Smuts (19~l5) lia s proYic1ell ac1c1itiona l eYidence in confirma
tion of the constancy of t he e]J(logenous nitrogen by shO\Ying that a 
close correlation e:s:ists bd11·een the basal h eat production and the 
enclogenou,; nitrogen not only 1Yiihin species bnt among <1ifferent 
spe(' ies Tarying greatly in s iy,e. This finding \Tould indicate that 
the consta nc ,1~ of t he entlogenous nitrogen is as well establish ecl as 
t he basal he.at proclu ctiou. Consequently any increase or dec rease 
of the endogenous ni trogen must. be regarded as an effect of either 
i.ntern al or external factors, which \Youlcl infin e nce th e basal meta
bolism in a similar m anner . 
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vVith regard to the metabolic faecal nitrogen, Schneider (1935) 
h.as shown that .a portion is of body origin and that this portion ma;y 
uwke up a considerable haetion of ihe total metabolic faecal nitrogen 
belmY maintenance. IT011·ever, for levels of food intake u;;ually 
employed in the determination of biological Yalu es, this fraction 
becomes in significant in cornpari;;on \Yith ih.at r elated to the dr:v 
matter con sumed. Consequently no correction for the portion related 
to the bod_pYeight 'ms attempted and the entire metabolic faecal 
nitrogen "as relate cl to foocl con su1ned. 

Th e biological Yalue of lucern e1neal \n1 S determined in t" ·o cases. 
Althou~('h there existed a rlifference of · 45 per cent. nitrogen bet\\·een 
the hrn determinations, the biolog ical Yalues do not differ signifi
ca ntly. In the first insta11 e;e the i ndiYidual biologi cal values Yaried 
horn 5!') to HG with an aw rage ntlue of GO± 1 · O!:l and a coefficieni 
of nniation of G p er cent., "·hile in the second e;ase the variatioH 
bet\\·een incliYir1ual Yalues 'ms from (iQ to G3 \Yith an average value 
of Gl ± · 4G>l a n<l rl coefficient of ya1iation of 2 · ~) per cent. There is 
a slight iende11 cy for a higher biological value at tl1e lmrnr level of 
nitrogen feeding, but this difference i" by no means sig,nificm1t. 
'l'hese Yalues agree fairly \Yell ,1·ith the Yalue of G2 obtained for rnts 
by Nevens .at a 10 per cent. level. 'l'he value of 56 for lucernemeal 
obtained by Satola for lambs rlt approximately the sa m e leYel is in 
close agreement 1Yith the n1lues obtained on rnts. 

No signifif'a nt difference is manifested in the biologicrll values 
of Peanutmeal. Sesmnemeal and Coprameal, the values being 
72±l·19, 71 ± l ·OJ and G9 ± l·15 respeetiYely, with coefficients of 
rnriation of 0·5 per cent., 4·8 per ceut. and 5·5 ])er cent. The 
absence of differences bet1nen the biological values of these proteins 
agrees Yery \\·ell with the results obtained from growth studi efi 
conducte(l on these protein s in an earlier paper by Smuts (1937). 
)Iitchell 's biological value of 57 a url Piang' s Yalue of 59 for peanut
meal at approximately 8 per e;ent. leYel is much lower than the 
Yalue reported in this pa per . Holdaway Ellett ancl Harris, how
eYer, obtained a biological Yalu e of 84 for peanutmeal for milk 
]Jroduction. 

Tlie biological values of oats and cottonseedmeal are distinctly 
superior to that of perlnutrneal, copra .and sesame meal, lrnt do not 
show any rlifferen ce between t h emsehes. The biological value of 
oats is 84± ·79 " ·ith a coefficient of Yariabons of l ·9 IJ er cent. and 
that of cottonseeclmeal 81± ·93 with a variability of 2·G per cent. 
The latter Yalu e agrees \1·ell \Yitl1 i he valu e of 79 obtained for cotion
sPedmea l by Braman at an 8 per cent. leYel. According to the 
biologica l ya]ue obtainerl h.1 )fitchell of 79 for oais at :j per cent. 
level, th e valn e i·eported here is higher. Sinee this oat procluct is 
yirecookecl as a breakfast foorl, i t may easily account for the higher 
biologi('al Yalue . IIa:prnrd rllHl Steenbock (193G) foun rl similar 
resulis with h eat-trerlted Soy.abean in comprlrison with t he ra"· 
procluet. 

It wo11l<l a11pear from the respecfrrn biological Yalues that the 
protein s of oat rn eal and cottonseeclme.a l are superior to that of 
sesrlmAtueal, p ea nutmea l rlllcl copr.ameal and that the fatter are again 
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s up(•rior io 1 \wt of l11cen1Pmea l. ] [owen~ r. sucli cliffPre11ces c.an best 
he L'sfo hl ishrll s tati st ic:dh. By a11:d_\~iJ1g the \ariance of ihe 
entire (lata it 1:-; funnd thal 1 li e Y:nin 1H· e behreeu groups rn 
s1g11ifil:a nil.\· grenler l h a11 the \';1riatiou "·ilhiu 0 ·1 ·011ps lieH\'l' there 
exists a real differeuce behrnen grnnp,;. The st~mLinl t!('Yiation :is 
c:a lr·ula h ,11 from the yariunce ''"ii hi.11 gm ups anrl the rP~ulti11g 
l:oeHicie n ts of Yariatiou are found to he S.l). = =l·070 antl 
C of Y =.J.·=l'.2 per (' ent. Thi ,; i 11Lli1·ate::; that thP Ynri:ibilifr uf 
i11di1·it111al tleten1ii.1rntio11 s " ·iU1in g-ro111is is e.,tJ·p rn ely sma ll ' :ind 
c·o111pa1ps fa\'our.a lily 11ith the Yariabilit.1 ohLiinecl in oth«r biologi1·:il 
dei<-\rmin .atious (Hasal 11wlabolism). The ,;Lrnll anl c•nm· of a rneau 
of(; 11i.ologi1· ;1l Y:1l11Ps is gin'n h1· :)·07..:., 6, i.e . 1 ·2.\ :rnd this \\·011ld 
<1llo11· i h lc' pn·Llictiou of ;;uccc·ssin• <t\'('J':tgP hiologi1·al \'ahH:',;, \\·ith 
:1ppro.s:i 111:1 h•l.1· fi p1•r c·c'nt. proli:1hilil.1· . in foll in the i·:i ng·p of ± 2 · ~-10. 

\Ylwn tl 1c• g1·0111i 111 P:i11 ,; :\l'(' 1·011sid e r«1l i.t is fo1111d lhn( sig11if-i(;a1 1ce 
li e h\"\'en t11·0 m eans 1·:i 11 h(, ialli1·afrd 11y tl1r l"ollo11· iug· dill(·1·en1·p,.; a11d 
p1oli:1hility. If :1 ll i lfern nce li ehH•e 11 111 N1n ,; of ,-1 anll (j d e lenui11:1 -
tio11s i·rsprl'fin·l.1 is g1p;ifer i h :111 .-1·07 t h e prnli:ihilit.\ is l e ~s tli:rn 
L ]JP 1· t·c• 11l. Ou t\1e other hand, if t he difte1·c•Jl('l' beiwee11 hYo 1ut•an ,; 
of () ll e il'1·n1 ina( io11,; t' <ll·h i~ gu«1tp1· tli:in :3 · (;() 1h e prnlrnh ility of 1 he 
tliffrrern·c• i,.; less (\mu 0 pe r C('ll t., lnti \dwn ilir lliffore11l'e is 4-S:) 
or P"C:ePlls it the probability of the differe11ce heco111es ] 1w1· ce n1. 
or l ess. OH the basis of i he,;e fig u1 es 'l':thle 3 has been (·011sfruc:kll 
and em1 1 p:n·ps tl1P llll'<lll ll iffe1·p11crs of the biologil'<1l Yah1Ps of lite 
1ldforent prol Pins . Black i,qie imlicaie a highly signifieant differenc· e 
11·hile the onliuar~· hpe sig n ifies 110 staiistic:il tliHere1ll'eS of the 
aYe1 age hi olngical Yalues. 

From this table it is cl(•:u· tlwt the proteins of o:ilme:1l anil 
cot to11see 1lm e;il arn s uperi01· to the i·est of the prnteins t('.sie(l hut do 
not differ sig nificantl.1· b eh1·een thelllseh es. Pr:rnui llleal . r·o1•rnrnl'al 
and sesmnernea l 111usi, sbtistil'ally spr:iking, hP rt>g:1nlPrl as being· 
utili:r,ecl to l ite sarne 1• :-dl'nt i11 rnl'laholi~ui and s i<,.nifi(':inlh heill'l' 
than lu cernern eal. " · 

Frn111 T:ihle .+it 11ill he seen lh:1t th ere i ,; Yet\ litlJn Llil'fen'll l' (' 
heh1ren the apprne11t and trul' dig<'stihilit:v of pPa'mitrn1«il , sesamr
meal, \·op 1·arnt•:d ;111c1 l'ot·(o1isee tl1neal. On tbi .' \,a.sis it 11tu ,;( fip assurned 
ih:li !h r 1:1-L 11 · :1. ~ :1ble lout i \ i:r,r mor(' of ( hP :1bsor1wrl nitrog·eu <le1·i1·l·d 
rro111 l'otto1isPrt1nH«il than fro 1n tlH• o(hp1· three soun·e,; of protein. 
sirn ·e it ha s :1 hig·her biologi(·:1 l Y:ilue. T h e appa 1·1·nt dig·eslibilil.1· 
of oat prn1 ein is only 78·8 lier l' e111. ''" h ile if t11P ho1\y ' ~ ('()llfrilm1io11 
of f:i1•r·:i l nitrngen h e (lell u1 ·lecl the (lig es tibiliiy 1H•\·0111l'S JOO JH'l' ee 11 t., 
11·l1il'l1 \\"Olllrl inrlil'atc that the proi('in of thi,; 11arli1· 11l:n o:i(s is fu ll .1 · 
diges(e1l. The :qipareni ancl trne 1ligestih ili1.\ of lu(·(•IJle 111t•aJ 1 ~ 
m11c·h lowei· am\ \HJ11ld 1 h erPlore part iall.1· ac:co11ni for iis lm1p1· 
nu11·itiYP Yal11e in cornpa1·i .,on \1·ith thr othPl' p r oieirn; . 

Co.:-:cr;csrnKs. 

l. H.1· rnP:ms of 11 itrogPn rnt'taboli,;rn stuclies 011 rats tliP biologil':tl 
val 11Ps 11·ere 1l ete1·mim~rl f01· oatrnPal , l'OtionsPedrnr:\l, ]iPau 1it11w:1l. 
sesn 1nen1eal, 1·oprauwa l a 11 cl 1 ucer11 rme:i l. The Yahws o lit a incd fo r 
thP l'PS]H0 1·tiYe proleins 1Yr1·e 84, 81, 12, 11, (i0, f)(I nrnl Gl. 

21:2 



'2 . I t i.-.; condllll ed 011 tlw ba sis of ~ tati s tiral ana l~·s i~ t h at thP 
prnl e i n .-.; of oat.rn P:tl ;mil r-ott u n ~l,e cl nll'<ll ;1 r e et1uiYalen t in 1111t ritiY1' 
,·a lue for gTo,d li and m8.i11 lf'nnnce. l1ut .-.; upe r ior tu that of p ea 1111t , 
~ e ~nrn e mea l and co1H«1rneal. ?\o differ eure wa s found liehY een 1 he 
prntein s of p ea nut , sesa rn e m e;il ::in d copra mp;1l, ,,·hich ag-.1111 <HP 
-.;ig· 11 ifi 1-.rn tl.\· supt> r ior to t he imitPi 11 ~ of lucen1emeul. 

:{. 'L'h t> true d ige ~ tibilil.' · of 11 en n11 ti n eal , sesamemea l , coprarn eal 
a11 d C'otlon seeclmea l was of a b o u t t he ;;ame ord er , heing 90 , 92 , 89 
ancl 92 per cent ., whi l e t hat of lu1 ·Prn em eal \Ya S 1listi11dly lo\n' r , 
namely 7..J. pt>r f' ent . 'rhe pro tP i11 of oatmeal appears to be e 11 tirr ly 
rli ge: tPrl. 

A (' !\)\""()\ \ " I. I\ I)(; L\ [ J-::\'T . 

'l'I H· ;1ut h or ~ ;1rr inclt•lifPil 10 jfr. ,\. I' . jf;1Li n, for t he stati sti cal 
trP;1t111c·11 ( of !h t> r r,;1il!s. 

lll L Ul..\ i\ , \\" . \V. (UJ:l l ). T l"· re ln l i,·e rn ltH•s of t l11· prol1' in s of li 11 ."'L' d11H·al 
a11d eot ton se0d11w:il 111 1111 · n11 t 1·i t io11 of g r0\r i11 g rnl s . .T. X 1d . . \ ' o \. •I . 
. '\ o. :3 , pp . 24D-25~1. 

llOAS- \.' \X SEX. :H .. \ . (1D:3?; ). Tl"· hi o log i«al ,·,d ues of protein s in n11 t ri t io 11 . 
. \ 11 / . . I l1s tmtf .< o nd Urr i1' 11" -' . !" of . -1, p p. -1 ~17--ViD. 

llO .\S- 1-' l:'\ S l•: 'i . . \I . A . . \:\"D JA( ' \\.SO'i . 1-1 . :'I I . (HJ:l :2) . The biological n ilu es 
of p rote ins 111 . .-\ furth e r no te on t he m et hod 11 sed to m easure thl' 
11 i t rog<• 11 011 s <•xch:i 11g<' of r;i t s . fli o!"/1 . .7 .. Yol. 2G. pp. ] !H9-l !J23. 

H.-\Y \\' .\lW , J. \\' ., STE E::\BOC I\. , H ., .l:\"D l lOrlSTEDT, G. (193GJ Tl1 e 
t' fr t•et o f Cysti ne o n the n11 t r it i,·e rn lue o f l he protein of ra\\· a n d heat ed 
S<n li e: 111s . J. :\ .. ul .. \ 'o l. 12 . pp. 210-:21':1. 

H O !,DA \V:\ Y , C. W ., E LLETT. W 13. , A'i ll IL\ HJUS , W. G. (102ii). I .1 . 
. l 111 ·it . /<,' .1·11. S lut. T ech. /1 11 1/ . ~S o . 2R. 

:\I ITC H l1: LL. 1-1 . H . (10:2-1) . :\ rn 0thod of clt•krn1 i11 ing th e hiologic:il Ya.l ue 
of 111 ·o u• i11 s . ./ .JU ' .. Vol. K. "'io. :1, pp. 87:!-D03. 

:'lllTC:Hl•: LL , 1-1 . 1-1 . , A :\" D H .-\:\ILLTO:\. T. :-; _ (1 9:29). The bioc he m istry o f t he 
A111ino .\ eid s . . l 111e r. Ch 1•111 . S ue . JJ 0111,g,-u11 !1 S eic Y o l"l>. 619 pp. 

:\ I I TC H !•: LL , 1-1 . H. , A'in :-l :'lll"T:-l. D. B. (Hl32) . Th e amin o a c id cle fi C' ie> n c ies of 
lwd , H" i1 cat , co rn , oa ts a nd so.n1 he n11 for g:ro\\·t h in the white ra t. 
.f . l i. C .. \ 'o \. !J,3_ 'io . 1. pp. :2G:1-:2Kl. 

M ITCH 1•: LL , H . i-r , nunnoua r-r~. E. w. , AND Hl<;AnLE:s, J. n. (19:JG J. 
T l"• s ignifi c:in,.e and a ce u racy of lii o log ical nd u0s of prote in s 1·0111pu tt> d 
frn111 nilrogc 11 111 eblwlis11 1 data. J. ..\" 11! 1·ili on, \ "ol. 11, No. :J, pp. :2,) /-:27.L 

:\1\'\'('H l•: LL . 1-1 . l-J. , .-\:\"D HA.\llL'l'O'i . 'J' . S. (1931) . T he nu t rit iona l rnlu e fo r 
g rn11·ing s 11·i ne of the p r ote in s of li11 st•eclm eal a nd of cotto nseednwal ho t l1 
:ii" " " a 11d in «ornhi 11a t io n \\·i t l1 Ll11· pn it .. in s of eor 11 . 

\l ITC'H l•: l,L , 1-1 . 1-1 . (19:2-±) . The hiolog i(' :tl min es of prote in s a t diffe re nt 
1,.,·<'i s of intake>. .T.R. C. , \~ol. ;i i-J , "'in. 3, pp. 905-92.'J. 

:'ll<( 'Q \, LL\I . !•:. \ · .. S l.\I:\1 0.'\ DS. :\ .. . 1:-; n P .\H S OS S. H . T . (1921) . Supp :<'
mp11ta ry pro t <'in ,· alue in foo d. T he 11utr iti,·e prope r t ies of ani m al 
ti ssues. The s u pp le me ntn r.'· cl iela 1-y re lat ion s be t\\·ee n anima l tissu e< 
:rnd ce real and legume seecl s . ./ .]] .< ' .. Yol. +7. pp. 111-138 and 1:39-173 . 

.\JORRJ:-; , M., ,\ l\"D WRIGHT . .'\. ( ' . (193:3 ). ,\ comparison of t he prote ins of 

Iii 

hloo cl nwn l, pC'arn eal. rlecortic :1 tccl earth-n u t cake and a m i"ture of 
d ecor t ieated earth-n u t cak0 :1nd fi'1k ed ma ize . J . Dair!/ Sci. , Vol. i) , 
~o. ·1, JIJI. 1- 1:1. 
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PLANT T'IUH'EI:"iS 11. 

NEVENS, ·w. B. (HJ21). The proteins of rnt ton,eedmeal. J . ])a iry Sc i . , Vol. 4, 
x 0. 6 , pp. c").'52-587. 

OSllORNK .r . B . . :\11 1~ .\"DE L, T .. n ' AXD FEHHY. E. J,. (1919). A methoa 
of expressing m1111 1•r ieall) ilie grmnli t>rn1;10t ing 1·;i\11e of prnte ins . 
.T.Tl .C., Vol. !ii , pp. 22:1-2+1. 

l'IAXG, J. H. (1930). Biological 1 <llue of prnteins of .!\ln11g bc<ln, jlP'11rn t 
:ind bean c-urcl. Ohi11,,.11: .] . l'liysiu l . , Vol.+, pp. J:ll --l!i(i . 

HUBNER, \V. V. ( 18971. Le.nlen's " Ha11cllmd1 (kr E rniihrnngs Tberapie ". 
Leipzig, 1897. 

SA.TOLA, T. J. (1930). Biological ,-:ihws aml sup plementar y relation of prnteins 
in .Al!,'dfa hay and in corn and sunfl01rnr silage. J. Aqric. Res., Vol. 40 , 
pp. 1 cJ··9G. 

Ri\IUTS, D. B. (1937). A compuratirn study of the g1·01,-th promoting properties 
of the proteins 0

1
f, iiea;:iutmeal , sesarnemea l, coprameal , lucerne meal and 

cottonsccclmeal. 'Jli1.1 .JOurnol . 

SMUTS, D. H. (1935). The relation betmeen t he basal metabolism and the 
endogenou s nitrogen met abolism , »·it!t particular reference to t lw 
<>siilllation of the maintenanc·r; requirenJPnt of protein. .T. N1drition. 
Vo l. fl , pp. +O:i--~!i:l. 

i-'.C'HXEliJJ•:lt , H . H. (UJ:cl5J. Tli" suh-di1 ision or t li e 1m•taboli(' Hitrngell i ll 

t lw faeces of m t , s11·inu "ncl lllan . . / . Hiol. Che111 .. , Vol. lOD, pp. 2+9-278. 

. Ingredients. 

Peanut Meal. ... . .. . . 
Lucerne }foa l .. . .... . . 
Sesame Meal ... . .... . 
Coprn }lea! .......... . 
Cotton -seed :\Jeal. ... . 
Oatmeal . . ... . .. .. . . . 
Sucrose ... ......... . . 
Butterfat . .... . 
Yeast Extract ( 1 ) . . .•. 

Ether Ext. Egg White 
Ag:ir (2 ) ... .•..•.••.. 

Codliver Oil .... . 
Nam ...... . . .. .... . . 
Salt }lixture (8 ) ... • . .• 

Starch .............. . 

'l 1
ABLJ-: I. 

Com.z}()sdion of B 11 tio11s. 

' B. C. D. ..:J. . 

Ui · O 
07·5 

25 · () 
:n·(I 

lO · O 10 · ll 10 · 0 10·0 
8·0 8·0 8·0 8·0 

lO · O lO·O 10·0 10·0 

E. 

:.::2. i) 

10 ·0 
8·0 

10·0 

F . 

72·7 
6·8 
6 · 0 
8·0 

G . 

10·0 
8·0 

10·0 
:l · 8 
:Z · O 

:Z·O :Z·O :2·0 :l·O :Z·O 2 ·0 :!·O 
l · O J· U l · O l·O l ll l·O 
4·5 4 _, 4 _, I t·5 +·.) 4.) d. • .., 

")·- - () "'l - ''l·r- ·l·).() -o -

I_:_:_ -~---1-~~--~~-_·_- __ I _ __-_ _ --~~-
1 :rn I i .. ;.> 1

1 

L -.;1 I 1 .. ., 1 l . . ;o I i . 4:2 . o.i4 

1~~=~=~==1---- ----- - - - -

(1) Ye>tst extract w11s prepared according to the mdhml of (Htcrs, Orent E .R. and 
:\IcCollum E. \'. (.J.B.C. 108-2-:'71-:"\77-1935] . 

( 2 ) The agar was ra ised to l 4 per cent. in the n itrogen lmY ration for the deter
rn ination of the bioJogical \·alue of lncerne ineal. 

( 3 ) A modi fied Osborne anrl. }fendel sci lt mi~t11re prepared ''·" I'. K. Hall'k and 
B. L. Oser (19:~1 i'icience Vol. 7~ , p. Cl69) . 
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