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Go1«' r n1111•11 t l' ri 11 k r . Prdo ria. 

Protein S tudies . 

Plant Proteins 1.-A Comparativ e S tudy of the 
Growth-promoting P roperties of the Prote ins 
of Peanu tmeal , Se samemeal , Coprame al , 
Luce rnemeal , and Cottonseedmeal. 

1h D. H. ~ \l rTS. ~1'1lio11 of Hi ocl11'111i,.;tn an d Xutritim1. 
( li11J pr,d elJ UOr t . 

] :-i the co m se of e:s:kn siw inwstigation ,; at ihis Jn ..;titute on the 
lll ine r;Jl c]pfici e 11 1· ip,.; ]lrt' \·aiJ ing 111uJe1· natural C'<lllditio ll ,.; of p;r;1;:ing , 
l lld i c n i ion ~ poini in g ((J ~I iot:11 ()[' rrnr h;i l protPill 1h'fiC:iPllC _\' during 
1·edni n ~e::isons of t h e \·e;1r lwnc' 1;e rn ob.-;l'n·ed . Th i,.; oh..;ery;i( ion, 
logetl1Pr \\·iih i h 1' fad th:d tli Pr e exi s ts a complet e lack of re li nble 
<lai n 011 t h e c o11~titu !io11. ,Ji p;l'..;l ihi l ity, u!ilizn ti011. 111ul nut ri tiYr 
Yalne,; of mu prot ein fee d .-; in gPn er al, " ·hid1 ,;p:-io u,.; ly impair an.\· 
n! l empt at <«llll ponrnlinp; r;i!ion..; m ..;uppl <'m e nti 11p: 11rnte i 11 defici ent 
gr;1;r,111g 011 ;1 ..;ci<' 1it i fic ;111 c1 P1«Jll0l1 1ic,d ha..;i..;, g-.1\1· 1 i;:;e tot.h r iui t i;dio 11 
a l lh is ln sti1 ute of :1 foirly 1"d e11s i1·e prog r:1111rnl' e;OYl'ring lh e Y;1riou s 
;1s pec1s of i1ro1. e i 11 nu! ri tion. 

'l' ht- prohlt- 111 of pro1Pi11 "<'q t1irr111 e11(..;. a l t houg· h n11 PXJl'('lllely 
i rn porL111t ph:1s1· "t :111 in1:1 l 1rnfri lio11, ha . ..; on ;11Tu\llil of it.-; co11 1pl es 
·na1 un' ;;o fo r 1lt'fi1 '11 <11 111 0,t 1' \·l'1·y ;ii te rn pt <II <1 co 111ple!o and. s.\· si.e 111 ;d i1· 
solu t io11. Th P 111<'lh od :i f l''\l1 1'("''i11g pnd1' iu r equin' rn e11t,; 011 tl1<' 
li: hi:; of <1ig\'..;lible prot ein , <l s i..; t hP popn L1r j)l'01·edurP, i ~ ;1 s111\iY;1l 
of (!t e lime ,; \1·hl' 11 dw 111ic: 1l diftPr<'llCf'" 111 th e co11 ,;lliuti oil of prnteill s 
\\·p re not <l[llJl'<'(·i;it t- 11. :\ c ·\ · e rili0l e~..; . !hi,; uw!h ud of exprps,;i11g 
prn tei 11 r eljuirernP nt:; Lrn ;:; lw1' 11 of im1 1u'11;;e practica l \-; 1lne in thP pas t 
a11d \\· ill prnlialil,v co n!intw in ih po11u lari i_\. for t h1· !illlP heing i n 
li e u of a rnon· sci Pn ti fic nnd ;1pprnpri;ite u1 1i t of PX lJr<"'" ioll. I-Io\YP\·e r , 
i( is foidy cl par I lin t t ii P di ge .·diLlt- pro t e i11 concep1. io11 is ;1n Pxpt·e ,.; 
s ion wit hout any phy siologic <il si g·nificanr·p o r i111. e1·111·pLdi1111 in tlrnt 
it is <' 11 ti r e ly b;1 se r1 011 t}w 11ih<'relK<' bet \1·ee11 11itrnge 11 in takP and 
ni trogen eY<1l'l1;1tl'<1 in th e fo eu•,.; . Co11 selJ UPntl~- it afforll s no i nr1i c:a
lio11 as to t li e lll<llln er or ;1 11 101111 t of Jl l'O tP i11 uhlize cl by t l1 e ;111irnal 
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l'LA'.'<T PROTEINS I. 

Ol' the r1ua11hty n ece.-;,;ary for maintaining th e integrity of th e ii ssu t>~ . 
It lias ali;o been ;1mpl:v <lemoustrate<l that protein fee rl.-; or mi xture~ 
of such ±eell,; rlifter 11·itlely in their nntritin• Yaln es , anrl tha t these 
diffe re nce., ;ne clil'edly attri1rnlahle t o the <liffer ent prop01ho11 s and 
am o uu ts of amino acids present in the r esp ect. i 1 e prntein molecules . 
Expressing' , t herefore . th e i·equirern ent ;; of protein in tel'rn s of 
diges tibilit y inesped i1·e ot the differe nces iu the amino acid con:-;ti
t ution is not only e1 mi sreprese utntio ll of the adunl biologi cal Y<1l11P 
of sue: Ii pro lei 11s but also inc-on g ru011 s with !lw pre,;ent ('OJlC·epi iou 011 

1Yhid1 ihe metabolis1n of protoi11:-; i,,; ba sed . 

lt avpe:in>, iherefore , that an entirely new line of i1n-estigati.on 
sh011ld he follo" eel in order to arrive at a m eans of expres.-;ing proh-i n 
1·equireme11 t s, "·hich " ·ould 11ot only be appli cable i u practic-e h ut 
;ilso re:;peds ilrn hnn; go1·erning prnte in m etaholisw. N11d1 a rnethocl 
has been prnposed by M itch ell (192G), 11·ho r ecognised two 11isti nd 
phase,; i11 th e probl i>m of lleterrnining tlt e prntein 1e;1u ir em enb of 
animals. l<'irstly th e determi11atio11 of prntein require men ts in i.e1rn f> 
r ela ting to animal t is,, ues a11d <t n imal prodnc;t,,, for the preserYation 
:ui<l elabol'atiou of \\'bich foo(l p1ote i11 is uPede1l arnl , secondly, the 
detenni11utio11 of p1·,o teiu 1-;1hrns of brn1 feed:; allll mixture of feecl s 
lo coYer i hesP l'e<]uirem enb. Ar·r·ordi11g to }Iitchell these brn prol1-
lems, although closely conHeded , 11rn st be inYesi.ig;1ted sepata1 Pl.Y 
and by <liHe1 eut 111e;rns in order 10 aniYe at a complete solution. 'l'he 
fonner ma y he 111 easu r t> <l hy Hie total nilrogen content of th e ti ssuP 
<·onstitue11ts c-ab liolizell eu(logeuou sl~ · (mainte11ance) or b.1~ the total 
nit rngPn !'Onient of the i1e1Y tis,.;U()S for11rn<l in gro11th aucl reproch11·
t io 11 or by th e total nii:rogPn ('On ten t of tlt e milk prorlu ee1l in lacta
tion. A 111easurp1ue11t -of th e latte r component mu st !'ous i<ler th e t otal 
ptolein co11tent of the fo0<l or nit-ion , the lo"s or wastage of protein 
in 11igestion ;1nd the lo:-;s or \rn stng<, of protein in the process of its 
1·011Yersion i11to ti ssu e 1·011si ilue uis or the con stituPnts of hoi!v 
secretions. If, therefore, ultima tely by this method the amount ~f 
protein ulili;1,ed fm· the elaboTation of IIP\Y li s,.;u e, for insi:rn C'e, :rn<l 
on the other haml t li e l1iologi c:1l Ynlue of a prntein fee<l for grn11·ih 
he cleterrni.ne<l, it bel'omPs a s irnpl e rnaite1· io sinte or r :1kula t e the 
quantity of cligesti hle nutle pro (e i11 11 e!'e,sar1· to ('OYe1· th e protPin 
l eqUll'e lllPHb for gro11·tlt. f 11 a s irn ilar lll flllllPr the protein r equirn
ll1P lltS for the ot her fo rm ,; of pro1luction rnn.\· be c·alculaie<l . 

Thus for a ge1wr;tl appli<·:di on of thi, m eth{)(l of PXpressing the 
prote in i·eqnirnrn ents of a11 irnnls l1a s heen r e 11de re1l imvossihle tltrougl1 
the la ck of sufficieui. dnta. It is the intent ion i11 thi s pr-og rnrnrn e of 
proleill i1westigatio11 lo a1;pl,Y ihis rn e thod ihronghout aud n1·< ·u111uJal P 
F; uffi.ci e nt <lata. for ili; pr;H·tical applil':ilion. In ol'(ler lo <l]>prn;wh 
the problem systern atically it \\';t S de<·icle1l to 1·ot1!'entrale inYl~ stiµ· a
t ion s at firnt entirely on th e sec01Hl i1hase . nam el,1· , ihe llPtPrrni11ntio11 
of the pl'Olein Yalues of farm feed,; <111<1 ini xhne of fee1L for th e 
different requiremenb of farm animal8 . These in Yestigations are 
first c:1rriPd out " ·ii It rnts arnl later externl P1l t o incln<ll' il1 e <litter eut 
ty p es of form animal,, . Su!'h n, s tudy \Yonlcl nec essaril~1 ind11(l e: 
(1) a !'ornparison of tl1 e nntriiinl values of ihP prnieins of fe>e<l" u1· 
mix tures of food s ; (2) th e hiologil'al ml ue of tlte ]ll'Ote in s of sncli 
fee<l s : (3 ) th e supp lementary effect amongst their protein s; (4) the 
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::rnnno acid deficiencies l imiting i.h e pl'oper utilization of th e protf'ins 
oJ' feed,; or (;(Jmbination of feelb. It " ·ill be appreciatell that 011ce 
this iu fonna hon is ;1vaila ble it "·ill be po;.;sible for practical purposes 
to select protein feeds or mixtur0 of f eeds of tlie high0st biolog1cal 
values. 

Althongh it is ge11erally recogni.t>ed that protein feeds differ 
drntrndly in 1111trifrrn ·rnlue, ver\· f e11· c01nparisons lin Ye actuall:1 
bee n caniell out in ,d1icl1 foocl int a ke wa s controlled and th e res ult" 
treatell siatisiically . The orni ,;sion of th ese two factors in experime u! ,; 
of i.hi;; Jlature detract; gTeatly from th0ir significan ce . }li tch ell and 
Bea(lles (HJ30) , Braman ( E.J::l] ), Hnag (1931), and }litch ell and 
Smuts (Hl02) liave founcl the pa ired feeding method, <leYeloped by 
}lii.d1 ell ( l!X~ O ), very efficil•nt in rneasming the nutri1.i1·e <lifferen ces 
het\rnen proi ein f eecls as 'rnll as t h eir amino acid defi cien cies . 
Brnrna11 \l!J:H ), applying i.his method, <Lscertainecl tliat cotton seed
meal is i nferior in nnhit i rn Y<l htP io linseeclnieal. Hl)\\·eyer, iheii· 
hiologitn i rnlues 1rnre almost icleui ic:d , the difference detected in the 
growth studi es Leing due pro!Jably to the lm»e1 cligesiihility of thl~ 
protein of cottonseedrneal. I 11 pigs, }li tdiell and Hamilton (J 901) 
11·ere able to substantiate the r esult s of Braman ancl fmrncl no 
difference behYeen the hi ologica l rn l ne,; of cotton seeclmea l <tllll li 11 see<l
rn eal. N eYen s (1921), in comparing the proteius of coi.i.on see<lrn eal 
and lucerne , founcl 1.lrnt the form er is superior to the latter. H i. chanl
.;on and Green (lUl 7) ,;tate th a t cottonseed meal and flour are sati ;-J 
fodory soun:es of protein for t he gT01Yth of oa ts . B ethk e aud 
Go-1,·orkers (Ul28), using the 1nethod of Osborne aud }h1Hl el " ·iih 
rats, fournl no difference LeL1reen the protein (,f limeedu1 eal 1rnd 
cottonseed meal. With beef cahes th ey could not cle!ed :my rn easnr
a lJle cl i.ff erence when cottonseeclmeal an cl liu,;eerlrneal " ·e re fell in 
combination wiih lu cerne-Jrny. 

Haag (Hl0-±), in a rno<li:ficatiun of tlie paired feeding m ethod, 
found that the protein of bran 1ntt> :mperior to that of lu cerne . 
:Jlo1ris an<l \,\Tright (l9;):J ) , in a <l et en11inatio 11 of tl1 e r elatiYe 
efti.<.;iencies of protein feeds fo~· rnil.k production. fouud that decorti
cat ed eari.huut cake ,,,-as infe rior to bloodmeal, peameal and henu
meal, but t>l ighll.Y bette1 thau lin seechneal. Schunclt (193.J.) a1u1 GO
\YOrkers obbinecl a higher nitrogen re tention with yeast protein thau 
1Tith pea11nt in pi.gs, the nitrogen r et PJJtiou of peanut being higher 
than that of soyabeans. Daniels and Loug,hli11 (1918) c011dud e that 
peanut contains a good quality protein. }fitdiell au<l Villega s (1920) 
i n their work on <.;ocoau ut 1n enl ancl soyaheans fom1d fit to state that 
at i) per 1·ent. leYel i.he1·e 1rns 110 distinct differ ence in these two 
proteius. Ho1YeYer , nt 10 per cent. leYel the prniein s of <.; ocoanutmeal 
are slightly but distinctly less effectiYe than the prot ei11 s of soya
beans for strndurnl purposes in lh e body of the rat. 

K :s: r E HDLlcXTAL . 

fiimullan eouslv ,,·i.th ihr <l etermi11.dion of tl1e biolog ical Yalues, 
comparati1·e growth sturlies of th e different protein fec ct s, ba sed on 
tllP pa ired feecling rnetl1ocl , \\·Pre also concluded. Data referring t·n 
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t h e Li tter :1rp 1n·psc'11 te ll in l hi ~ pa p e r. Ha h 11·pre ]J<1ir t> cl tu ·conl111g· 
to agl', ~P:--: , ,,·e ig ht a 11d l iil e r. l•::1c h p :1 ir re r- <'i1·p([ t'ht> s: llll e rna11<1 g P
m e11 t a n1l \\·:i;; kPp t unde r i(l <'llhl«l l (' Ondil ions, t l1 e 0 11 1.v difrer e11 e;p 
be i11 g ih P m un ·e of proi e iu i 1H·o rpor:1tP1l in i he i·e.-; p t> cti.1·e nti ions . 
1"00<1 1n :; cqu:d ecl b.1· th e m et horl oi 'J[i tcli ell ( JU:l()), n a 11rnly, tlwt· 
in <"<1l'h )lflir liolh r :1 t~ ,,·e re ~~·i n•n th e same :1H)(J lll1 t of foo cl :11 ilJ( ' 
~ t:1 rt and t li Pre:i f te r i ltP d '.l il_1· : 1 1110 1111(· ~ \\ e re r E-'g ttla ted lJy t h e 111 emlJPI' 
of tlJP iiai r eating illl' l east . H nts " ·e re \\ Pig l1 P1l 1n'e kl .1· : t l1t· i11 it i:1I 
:rnd fi11 :1l 11·pig h ts lw i11 g ilH' :1 q' ra ge 11·cigh L of t l11·pp c"m sP<·u t in' d:1.1·.-; . 

'f . l l~ LF I. 

( 'nm 11 r1s ///1111 of N otions . 

l'i• a1111 t .\Lea l. 
l,u"crn <' \ka l . . ... . ... . . . . . 
Scsalll e \ lea I .. . 
Co pra. i\l cal . ... ... .. . . ... . . . 
Cotto nseed \ lea I. 
~ lH"l'ORC' . ... . .... ..• ..... •. .. 

ll 11 ttetfo t . . . 
\' east E xtrn " t ( ' ) . 
.\ µ:a r (2 ) .. . . . .. .. • . . 

( 'od l ,i1er Oil . . . .. . .. . ... . . . . 
:\;icC I . ... . . 
;-ia lt \li x t 111·e (3) . . 
~tan·h . 

T OTALS . 

I \ ·r Cl · .1t. X itrogcn 

Iii· 7 

I ll (I 

S ·ll 
IO · ll 
l+ · ll 

:? ·II 
l ·II 
4 .) 

:{4· s 

100 · 0 

L·±.-, 

.) 7 . ,) 

:?:)· () 

l ll·U IU· I/ 
K·O 8 · 11 

10 () IU· (l 

:?· O :?· II 
I ·O l · O 

..j. .) {· ;) 

7 · II :J\). i) 

11/(1· 0 lOO·IJ 

.:; 1 l · ii l 

3:l· U 
22.• :) 

10· 0 lO·U 
S· O 8 · U 

J(l · ll Lll·ll 

:!·ll :! · O 
I ·I I I ·U 
4 . .-, 4 · :) 

:l 1 . :i +:!·U 

100·() I OU · O 

I ·;;~ 

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

I 

(1) \' ei! st extrn ct " "ls prep;11·cd ;ic c:cH·d ing to the method o f' Jt t cr S. Oren t E . H., and 
\l c('a llum 1,;,._ .f .( '.IJ ., \ '11 1. L08, :\o . :? , pp . . )7 1-.) 77. l !l3.). 

(') c\ ga r \\ 'il .-< ;icld cd t o pr'< 11111 t 1'<1t io n on h · i n t il l' <:o mp;1 1·i"' " ' " ·ith ]LJ<·e rn e m ea l, 
in <t i! othC' r cast's it wn:-:. d i:-:.p !a(·C'< l liy nn eq ua l \reight of :-:. tnrch. 

(") .\ mod ifi ed () , bo rn e ;11\d .\J t·nd c: I \ l ixtme d c,nibcd In- P. 13. H;1 1d< and H. L. 
(bn. I H:{ I . Scie11te \ 'o l. 7+, p.:3G!l . 

TIH· <O ll1p< h ifrn 11 li.1· 11·e iglif of t l1P 1:dio 11 s .i,; g .i,·e n i 11 '1':1bl e J. 
E Ye r,1· rnt ion 11 · <1 ~ an<1 l.1·se <l fo r totn l 11ilrngen hdorP tltP ;; ta r t 
of 1lw c-:q w ri111 e11t, i11 onl p1· to eq ua l iz< · th P 11i1rog-P u c·o 11 lp11 t o l· 
tlw r : 1 ti o11 ~ a s Hearl .\· :1~ 110.-; s ililP \'i1 '11•r by remi x in g or ;1r l<li11 µ; 11w1'l' 
of ilte proh •i11 :; und e r Px p 1· rim P11t or h,· rn:1k i11 g up fr e.-; 11 h:1 1c·lws of 
food. Ju t hi ~ 111:111 1H' l' do~c-' :1 gTl'e 11H'11 t lw 111·P<'ll i lt<' 11i11·0µ;<··11 f'o 11tPn l 
of i lw 1lilfrn'n l ra t io 11 s C'ould lie oht:1i u1·cl. .\.ll tl 1e prn1e i11 ±ePd s 
p:-; (· Ppt o:if s. " ·h ic lt 11·:1 s n prnch1 d ]ll'< ']l <ll'Pcl l iy :1 cm11 111 e n ·i;tl C'0 1npa11_1· 
as :I b1 ·e:1 ua ~t foorl , \Y P J' P ~i Ill il:1r 1 () illOc' (' used 1lJHI Pr p rn dic·n I 
fe ecli1 1µ; ('0 11 cl itio 11 s e:--:(' ep t tli:if th e.1· 11·prp pu t i l1rnngh :1 m ill fln d 
rerlu cPCl to " fin e pc J\\ dPr "hi ch fo C'il il a tP d rn ixi 11g- ;rncl en ~ ure l1 :1 

mor e !tom oge n eo11 ;0; rn t i on. 
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l'LANT PROTEINS I. 

HESUL'.l'S. 

In Table 11 is givPn a summary of the comparisons bet "·ee 11 
luceruemea l , lucen1 em en l plns peairut aml pea11utmea l. ,\s will he 
noti<..:ed the te,; t was a modifimttion of the paired feeding method in 
that trip l iC'ates i.nsteacl of pnirs \\· ere used. 'J'lie cou<litio ns of fre <ling 
an<l pairing of rats " ·em i<lcntical lo th o,;e pr;1cti;;e<l under paired 
feeding. 'l'he amount of foo<l consumed during the e:s:perinHental 
period " ·as of the same rnagui.t ude for each rne111he1· of the tr ir1liC"aiP. 
ltais l'Ecei Ying the pem1 ut r ation i 11 most <;ases li mite<l the food con
:mrnpiion (Jf thPir 1md.es by rpfusi11g part of their daily feeLl when 
the lntter \ms i neren se<l aho\'e a certain l eYel. 1'his \\·a" prnlrn lily 
dur, as .Mitchell sngg-este<l, to the unpalah1bility of the peanut111e<11. 

lh1e to the byout of the experiment:, .it is statiRticnlly inc::mTPd 
to compare one treatment likr lucern emeal \Yith another (peanuinwal ) 
befo1e the signifi cance of the te~t as pbnlle<l is :1scertai11e<l. Tli e 
m ean gain in \\·eight for tl1e <liffPreut treat m en ts oYer the experi
m ental iwriod is 2G·5 graim; for lucernemeal, 28·4 gram;; for lucern r 
plus peanut, ancl ;n ·9 gram,; for peanuhneal. The stnnclnl'<l enor 
of the mean equals ±2 ·0!:JG. By an analysis of lhe varian('e it is 
eYi<lent that the yaria tio11s 1ietwren h eatrnents are by 110 rneam; 
sig-ufiC"antly greater than tl:P remainder Yari.rnce. Such an out·cornP 
1rnulr1 naturally imply that there is no reason to derlnce from the 
dnta m1rle r obsenation, thnt there \Yas a difference in respmrne 
a sc1ibable to the different treatments . \\'hen , h-oweYel' , t he lu cer11P 
plus peanut ration i s e nti!'ely ignore<l ancl. luce rnemea l is compared 
" ·ith p ea nutmeal 1 he (hfrerence between t l1 ese brn h en trne1d i:; 
becomes s ignificant. Tlie m eau difference (m) i n grnms is eq ual io 

5 · 417 ± l · 7485 gms . ; l is equal to m £ = 3 · 088 and tli e 
sz o 111ea11 

degrees of freeclom (u - 1)=5 . U nder tl1ese comliiions the prol1a liilit.1· 

'L\llI,E III. 

.Ll Co 11111urison of /'he lV eekly Uains l1 etween l'ea1111t and /,11cen1e111c11l. 

-- -- -== ======-=-===== - --- - - - - ---=-= --

Weeks. I 
Totals per \\ 'eek. 

Pai1· Pair Pait' Pair Pair Priir 

1. :!. :3·---- ~--5_._ (J~1,_ 
1

-1 __ 

! .. ............ .. 
:2 .... . .. ........ .. . 
:J ....... .. ...... . 
4 ......... . . .. .... . 
:} ...... . . . . . . . .. .. . 
6 ...... . .......... . 

+ I ·I ' I ., () I II () 

: I I I ' I ~· I + I ; ~ ~ 
__ + l _ _ i __ _ I_ + !_.L_ ~~-- ~ __ _2 _ _ l_\ _ 

T OTAL FOH EX PERll\1 ~;~T ·);) l l ·) __ - I==~~ 
+ lmli cates greater ga in by Pcauut ~ l eal. 
- Indicates greater ga in by Lu cerne Jl eal. 
± Indicates equril gain . 
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(P ) tha t the clifter em.:e in hnour of peanut is not a chan ce effect is 
0 · ln. Siuce a value of P ~~ 0 · 06 i ::; in cunent biornet rie::il prnctiee a 
r·r ih •rion of significance, it is obYious that pe ::i uut , by this m ethod 
of eo1up<1riw u , is ,;uperim· to lu cernemeal. But in view of the actual 
lay-out of tl1 e expc>ri.111 eut thi s signi.ficm1 ce , " ·h en judged by the 
entirP datn, lllll st he considered ;i ecid Pntal (Probability a pprox i
rnately 11 pe1· cent. ) . 

A comparison of \Y eekly g ain ,; i s orcl inarily a less re lia hle aml 
legitimate m elhocl of comparison than tlrnt of t otal gai.u s, clue to 
the fad th at \Yeekly foorl i·es i.dues may appreciably affect the gai11s. 
The 11 eces,;ary '"ornlition s for sta l isti<"al imlepe1Hlence between 
inclividual nlues are also seriously i11fringed in that the weekly gains 
for the sam e p :1ir of ra H are u ot i11clepencle11t in ~o fo1· a,; t h ey r efl ect 
<m inherent diffo ren ee bel1Yeen the two rats. If such inher ent 
cliffere11 ces exiRt the weekly gain s are not comparn ble on a ba sis of 
ran(lom Ya riation Oil the ::i ssumpticm that each mt in <lil y on e pair 
has, except for 1 reaimeut clifferellC"es, an equal chan ce to g ::i in more 
than it t> mate during a particulnr week. Hence, <lne to this Lick of 
ind ependence in weekly gL1ins £01' tlie same p air of rnh, it i ;:; not 
quite correc t to <·omider t he prncluct of th e number of pairs arnl 
" ·ee ks ::i s t]ie total iiumher of cl egrees of fr eedom. 

Furth enuore, the 11 u u1ber of 11 ee kly gains is by no m eans inde
pendent of th e t otal gai11s . If a pa1·ticular ra t of one pnir gains 
rnore in " ·eight than its " ·eight dming the experimental p er iod , it is 
likel.v that it shonlcl ham gained more in " ·eight during th e greater 
number of 1\"f~e !; s . H ence the t\YO comparisons, t ofol gains and 
number of greater \Y eekly gain s, are by no means iml ependent , but to 
some extent 011 e and t he sc1rn e cornpari ,;011. Cousequeutly it is 
doubtful 11·h ether an y extTa i11for 111 ation is gained hy comparing 
11·eekly gai11s aftpr ::i.n fnrnlysi s of to(al gains ha s beeu m~ule . 1' he 
inclusion of comparisons heh1·eeu \\· ee kl.v g:1ins in this paper .is m er ely 
h.v r eason of its acloption by oiher 1rnrkers and to illusti-ate \Yhat 
\Yas alreacl y sho1Yn hy the analysis of total gains . 

111 .c com pa ri son of 1 Ul" en1 em eal an cl peau n tmea l th e "·ee ld.:v fo-ocl 
inbke 1rns the snme for the cliffe1 eJtt triplicates . This naturally 
gi rn,; a great er Yalu e to th e siati stical a11al.v,;i s of ih e " ·ee kl:v gains . 
If t he 11u111ber of ecp1:1l 11·eekly gaillS is divided equall.v bet,rnen 
i,eanut an<l lncernrmeul , it "·ill be seen that out of t h e 35 compar ison s 
24 favoured peallu1.meal and ouly 12 lucernern eal. This fact al so 
point s to a superiority of peairntnwal ove 1' lu cernemeal. 

111 Table 1 V th e daia pertaining to the comparison of peanutmenl 
and ~esmnemeal are talmlatecl . H er e, again, i t is ohvious from the 
number of r efusals t hDt th e pe:11uct feel ra t in all but one case \\"a s 
the one 1.0 lirn it tlie ioocl iHtake of ihe respectiYe pairs . A stat istieai 
analysis of ih e total g nins sl10\rn that the rneun differeu r- e of t he 1:; ix 
pairs of r a ts is zero and, con seq11en t ly , th ere is no indicat ion what
soever of an exi ,; ting differe11ce beh1·een t he prntein of peanutmeaJ 
and sesame me:11. A compari son of th e \Yeekly g-a ius in Tnhle V 
affords confinnatm y eYicle 11 ce as to 1 he equnlit5· of t hese two i>rotein 
feeds. If r:l1an ce alone operntecl, i t \rnul<l be ex pected that of the 
;;u compm·isons t he id eal ouif"ome \Yould b e 18 fo r both treatments . 

199 



'l
'A

m
;E

 
IV

. 

S
u

m
m

a
ry

 o
f 

fl
od

y1
r

e£
g

h
ts

, 
G

a
in

s,
 

F
ee

ll
 R

e
co

rd
s 

a
n

d
 l

le
f1

1s
a

ls
 o

n 
F

ea
ni

1
t 

a
n

d
 S

es
o

m
em

ca
l 

R
a

ti
o

n
s 

('i
n 

g
m

s
.)

. 

P
ai

r 
1.

 
P

a
ir

 2
. 

P
a

i1·
 i

l.
 

P
a

ir
..

!.
 

P
a

ir
 

i'i
. 

P
ai

r 
H

. 

-
-

-
-
-

-
-

-
-
-
-
-
-
-

I 

P
et

tn
u

t 
I S

es
am

e 
l'

ea
n

n
t 

I S
es

am
e 

P
ea

n
u

t 
I S

es
am

e 
P

ea
n

u
t 
I S

es
am

e 
P

ea
n

u
t 

I S
es

>e
m

e 
l'

e;
cn

u
t 
I S

es
am

e 
l\

J 
M

ea
.1

. 
.i\

le
al

. 
l\l

ea
l. 

3l
ea

.I.
 

l\
Ic

al
. 

.\'
I e

al
. 

!\
le

a!
. 

:\l
ea

 l.
 

3J
ea

l. 
3

le
a

l. 
3

Ie
al

. 
~J

0a
l.

 
c 0 

In
it

ia
lW

ei
g

h
t 
..

..
..

..
.

.
..

..
..

..
.

. 
1

85
·0

 
8:

!·
0 

77
·0

 
77

·0
 

74
·0

 
77

·0
 

87
·0

 
8i

)·
0 

94
·0

 
94

·0
 

70
·0

 
74

·0
 

F
in

al
 W

e
ig

h
t.

..
..

..
..

..
..

..
..

..
..

 
13

1
·0

 
12

9
·0

 
12

8
·0

 
12

4·
0 

12
0·

0 
12

1·
0 

l :
H

-0
 

12
9

·0
 

1:
12

. 0
 

13
7·

0 
11

0
·0

 
11

7·
0 

G
ai

n 
g

rn
s 

..
.
..

.
..

..
..

..
.

..
..

..
..

. 
46

·0
 

47
·0

 
51

 ·0
 

47
·0

 
46

·0
 

44
·0

 
47

·0
 

44
-0

 
38

·0
 

4i
l·O

 
40

·0
 

4:
l·

O
 

T
o

ta
l 

F
o

o
d 

C
on

su
m

p
ti

o
n

 .
..

.
..

..
..

 
:rn

1 
36

1 
36

9 
:l6

9 
:1

64
 

3G
4 

;3
94

 
:J9

4 
:m

o 
38

6 
35

1 

I 
3i

:i
l 

It
e

fi
;s

a
ls

 
P

rr
i >

d 
..

..
..

..
..

..
..

. 
_ .

..
 

3 
! 

l 
l 

I 
;~
 

6 
0 

4 
0 

2 
()

 
I 

5 
I 

(l
 

.... :--<
 

;o.
 z '"" .., ;::;
 

0 ...
: i:,j
 

....,
 z <r
. 

~
 



D. H. S~ll'l'S. 

\Vlt011 the equal gains are clivi<lecl equally hebwen peau11t ancl 
:;esamemeal , the respedive 1rnmb0rs of \Yeekly gains becorne Hi· o for 
sesamemeal and 19 · 6 for pe~rn ut. These figure s Yery nearl.' · 
approach the ideal oukome nnd therefore confirm ibe non-existing
diff0rPnce in the two treatmt>nts. 

T .rnLE Y . 
!1 Co111 11arison of TrrrUy G((i11s bet1rec11 P eoin.1tmcal and Srsmnemea l . 

·weeks. 

l . . .. ... . . .. . . ... . . 
2 . ..... . ..•... . . ... 
3 .. . . . ............ . 
4 ...... . .. . .. .... . . 
;) ... . . . . . .. ... . . .. . 
ti . ... . ...... . ..... . 

I 
'I I I I Totals per Weck. P~.1t· P2t."' P;.ir P4~.tr 1'~1.ir Pi.ir 

+ ± 

1+1 I+~ ~ g g 
I + II t ! ~ ~ + ~ : 2 ~ 

I
+ - + - + + 4 2 0 

-=--l __ ~ _ _l_-_1~-=--- -~ _ :! ___ 4 ___ o _ 
TOTAL ExrERDU:KT ..... . 

+ Indicates greater gain by Peanut J\lea.1. 
- Indicates greater gain by Sesame :\Ieal. 
± Indica t es equal gain. 

15 18 3 

In a comp:uison of pea nutmeal and coprarneal in Table VI, it 
is fairly clear by inspecting tbe total gai11s of the different pairn, 
t lwt 110 obYious difference exi sts as a result- of the different treatments. 
Th e mean <lifference in total gain is 0· 330 ± 1 ·8!37 grams, showing 
that the mean (lifferern.:e is much l es,; t]rnn its stanclrtrd error. The 
nlue of t = 0·1G4 is insignificant and the probnhility that the obsen-ecl 
difference in favour of peanutrneal is flue to chance nlo11e is approxi-
111::del.v 89 per ce nt. In a comparison of the weekly gains, Table VII, 
i.he <l eYiation of the bo treatments from the ideal outcome of 18, 
wheu !he eqnal gains are allotted propmtionatel y to peanut and 
coprnrneal , is so small that it becomes entirely insignificant. It is , 
t1iernfore, safe to con cl m1e that coprnrnea l aud pem1 utmeal do noi; 
(1iffer signific ~rntly in nutritive val ue. 

T .IHLE VII. 
Co111 11a1ison.s of 11.eel.·.'y Uo/11 hPhceell l'ea1111tmea l a nd Coprmnea l. 

Weeks. 

1 ................ .. 
2 . .. ....... .. .. . .. . 
:! .. . .......... . ... . 
4 ...... . ... . ...... . 
,) ...... . ...... . ... . 
6 ..... . .. . ........ . 

I I I I I 
Totals per Week. 

P~t: r l;fr 1:~1.11 P;,ir ~~fr P~t.ir 
+ -+-

+ Indicates greater gain by Peanut Meal. 
- Indicates g reater gain by Copra :\Ieal. 
± Indicates equal gain. 
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D. ll . SMUTS. 

That cottonseedmeal seems to be su verior to pean u tmeal i s 
indicated by the fact tliat five out of th e six pairs of rats shmY a 
bigger total gain in fayo1ir of cottonseecbnPal. Analysing t h e total 
gains in weigh t (Table YIU), it is fouud tha t the mean differenf'e 
fnr the six 1rnirs is ?n = G·17±2·1!)1 grams, aml t becomes equal to 
2·808 . 'l'he possibility, tlwrefore, that ilie ahrn-e cliifr r euce iu fayom· 
of cottonseeclmeal is clue to chance alone i s 0 · 04 . '!.'his probability i s 
so small, and l ess t han 5 per cent . ,d1ich is usu ally taken as the 
limit of significance, that it may he c·onduclecl that cottonseeclrneal 
i~ sup erior to peanutmeal . As no difference w:1 ;; demonstrated 
het\Yeen peanutmeal , coprameal , an(l sesamemeal , i t seern s reasonable 
to cleduce that cottonseeclmeal is also superior to the latter tlrn meals . 

'J' .~BLE I X. 

Com parison of 11. ecl.:ly Gains 111aclP UJJ l'ai1-mates 011 I'em111tmeal 
and Cottonseedrneal. 

-·--- - --- - --~- --- ·---

Totals [l<' I" \ \"eek. 

W eeks. Pnir Pair Pa ir P;ti1· Pair Pni l' 
l. ., :3. 4. ,, _ Ci. I I 

------ + - _L 

l.. ... .. ... . ... . . .. _L + 2 4 0 
2... . ...... .. ...... + -;- J: ± 2 1 :1 
:3. ......... ... .. .. . ± I + _L :3 2 
4.. .... . . . . . . . . . . . . + I 5 0 
5 . . . .. ..... . ..... . , I , -'-

1 
i . 0 4 2 

6 . . . . . . . . . . . . . . . .. _!_! =_!--=_I_ I --=-· -=-- --~--~-_ ~ 
T OTAL E Xl'ERDIEK'l' .. 

+ lndi cat cs greater gain by P eanut Meal. 
- 1 ndi entes g rea t er ga in by Cotton-seed Meal. 
:±:: ln·l icatcs eqnal gain . 

G g 

A comparison of ihe weekly gains ('!"able IX) shO\YS :>ix com
parisons fayouring the peanut fed rat, t\Yenty-one favouring cotton
seeclmeal and ni11 e equa l gain s. If the latter i ,; diYidefl equall.Y 
a mongst the peannl and cotlonseecl fed rats, it is fo und tha t 10·5 of 
the c:om1)flrisuns foYotn pen nut and 25 .5 favour cottonseedmeal , which 
mean:-; a cleYiation of 7 · 5 from th e itleal outcome. Th e standard 
cl eYiation of the frer1ue 11 cy distribut ion of the outcome of 36 eYents, 
each of \Thich may result with eq ufll probability either one of t >rn 
wa:vs is given by i he expression '°'/ ()· 5 x 0 · 5 x 06, which is equal to 0 · 0. 
The de via ti on of 7 · 5 from the ideal chance ou tcorn e is , therefore, 
:2 ·5 times the stn 11 clard <l ev iati011. I11terp1eting- this ratio from t11 e 
table of y;1lues of th e normal probflhilit y integral, t he prohabi lity 
Pxists that chance nlone would prorlnce this <l eYinti on approximately 
once in a hunchecl trials. This compari son, therefore, definitely 
supports the result :-; on total gains , namely , that cuttonseedmeal is a 
superior protein feed t o pea n u tmeal. 
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l'L..1 :'\T I'JtoTEIXS I . 

\\"hilP it ;1ppPars f1orn thi s inq•,ligaiio11 tlia t c-1dto 11 "P\'(1 rn P;d j , 
a lwtiPr pro tei n fi.erl than r·opn1lllP•ii , peanutnH•;il or ::;e;; :1mr>111 P;il, i1 
r1oPs not exr·lud P t he po<sil ; ilit.\· th;d t hPsP fel'<L rn;1Y 1e;1d distiudl.Y 
rliftPrP nt in otli e1· type' of Li1 ·m rl!lirn:1k Thi s poi nt· is il\uo;trnt~ d 
by ih P fod ihai )Joni,; ;1nrl \\' 1iµ;lit 1e11ort t h :1t pe;111 utnH:' ;1l i.-; sli µ;l 1t l :-· 
superio r lo li11sePdrn Pa l for milk p1 0<1u ction , \\hr1eas )Jif!'hPll ;111d 
llflmill on , :1s 11·ell as Hrnmn11. fou11<l 110 di ffere nr -e l:eh1·e p1 1 1· ot t11n 
seedrn enl :11HI li11 .-;t·e1lme:1 l fo1 µ-1·011 ·(!1 f1 11<l m:ii1i11·n;rn(·r· ol' t lie rnt 
anrl tlie piµ;. In thi.s st urly :1 µ;ui 11 r·olt o11seednwal h:1 .-; 11('P l1 fo1111d io 
be su11 er ior to pt':1 11u tmral in lh P r:d. Hy i11fe rPllCP i t s<·rrns 011l:--
1wtural to ('onr· lrnl r i h nt li11sl'<'tl 111 e ;ll s li01tld he ;\ l:e tt Pr prnte i11 fp p.J 
for gT0 1Ytlt l h;1 11 pra11ui111r;il, " ·lii e: l1 h:1 ,; hern .-; hrm11 to l:P prnbalil:-· 
not llir (·;1sr fo1 111 i l k p rndud io11. Tli r 1-.d11e of p1·otei11 h'Pr ls <«11 1, 
l hcrefore, n ot li e t's t i1n;it·e<l 01· ;1 s.su 111 ed at 1·:in dorn frorn n11 y se t of 
dab , hut nrn si he rle tPn 11i1 1Ptl 11·i t li diffp1·e11 t ;111im;1I -< for !';\('Ii s pe1 ·ifi(' 
]llll'JHJ S(' . T\1i s ph;b\' ol' 11·ork is ;1111 i('i p;d<· 11 ;i.-; i111·pst iµ;; 11 i())1 s <11'1' 
(·xt !'1111Pd io 11tl1 p1· ;111i111 ;:L . Tlw s11 pe1io1ity of coH01is\' l'(l111e;d r11·e 1· 
I he prntc• i n fe<•th dor•s 11 01 tlllpl,\· ;1 µ;P 11c•1al a ppl i1·;d io 11 i 11 Jll'<l!'I i('(' 
\1·i !\10u(. i;1ki 11 g into acr-o n11 ( Lli e le\'!'l of fee<linµ; ;ii 11hi('h th is foorl 
m;1y 11e iux it· lo 1·c•rbi11 .-<pP1·J(' .-< of ;111i lll aL . 

Coxcr.rs10s. 

B.\· rn call :i of the paired f(•cd i11g rnrt h flll on rat:< it h a.-; b\'<' n s ho11·11 
slati~i i ca ll y tba1 i he prntei n ll f ('o\lo11~Pe1l111e:d j, s u1w1i or to t hat of 
pe;111ut11H•;11. ,1-liile oH i he 11( ]11•1· ii <lll (l 11.0 sLi l is t ic;d d iffPl'e 11 (' e co uld 
he rletrcit·cl be!ln~en ll1P p roteins of \H'<ll1llill1 e;1 l a nd (' Opra rn eal , ;111d 

pea nui lll f' <il a11 II ses:1 111P 111e ;1 l. 011 th is ba,;is it seP ms i· ea so 11 ;1 ble to 
<l ed lll'<' tl1 nt th P prnlei11-; ,if 1-o ttunsec• dnwa l a1 ·t· s11pPr i01· io Sf's:irne ;rnd 
Gopramea l. J•;vi<lPnce is prese nted 11·bi('h sePms to :rnp:ges t ihai 
lucr rrn-•mp;1l is infr 1ior io iwa11ut 111 e;1l ;1 .-; :1 ,;ounn of protr ill. 

'rh r aui hor is in rl eliterl io )fr. A. J> . ~[alan for tl1<' s tati si ic·a l 
ire at rn <'n t of tlH' 1·!'.-;u lts . 
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