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PAilT L DIGES'l'IOH .. \re> ll!TBY)l!S ~ON DA~A OBTAllmD 
wrm SfXl!'aS D tllIJt,maft TRL\LS 



Wla.bl• digNUoa m4 aetabOll• kk oaa be ollltataed w1 IA lU'S• 

aa1Jlal• 01L1.7 •ha ..... ~ ..... ap ....... tal. .... , qllN _... tlpOII. .. -.. 

11P94 pl'laotplea ot anlaal avtttoa are n111u&. 1'Jda la MPNlall7 

tfte 111 tlM -... of 'kb.• 1'111111aat INMallN or t.he l10Jll)l.1ea.Uou aaa,alated. 

111. a wa.Ullal cUc••'UTe qsteltla ot '&heae mn•el• l'rta •• aoeep'84 

Gi}ed.Jlc'8l teabalqU8 are aetio14ow47 tollo-4. tile rel.iald.11'7 ot 

•• data ao obkinetl 1 a or-ta. f118dl.OIUl4 •• a ntlUl 'I ot -. mmal 

~ologt Ml TarlaHoaa ot 1,uu Y1 dl.181 aa:I.Jllal.• 111 clf.tt_._t tri el• aa4 

loo• GllltiDc ~ aul•al• ta_. trial. A knowledfl• or th• a-. 

'ieat ot 'iheaa nnat:tona •w.d. :be ot ooaatcl~• Talue 1a 4eei¢ag 

tigH'Uoa and aek'bol1• a;pet"11Roata and 1l1 111.taip~tng Ule Z'Nlllta 

ot auu aperia1EC1ta. ':l.'.b:le knowledge would ~• \he 1nvonJ.gator 19 

4e'teJ."ld.ae tn. aabR ot d.lmala Ae64e4 ta deteot 4eat.1!'94 di rr ... oee 

• ...._ ireatlumts mul to det.mi11e 'the l811C1h of eaoh oolleettoa 

parlotl. Al lhough aiwttee 1,,- Porl»N aB4 uaoa.tale• (19M) 111 t.h •MP 

!Ian p!'Ovlded date or rue '7P•• th~ llaa ..._, a "'1""1ial lalk ot 

atllilar 4-Wl obWaed 1f1 th 'bttet oatU• '1'b8 d"trabil1 t7 or auoll data 

tor -.>Plioattoa to 'Gae ~u digeattoa aad. aetabOl.1& trial.a rcl.a11-

bg to \be maill~ai.u,e ot beet oa.tUe 1n Ok.labmla reaw.'lad ta the eoa

d:\laU.ag ot a am.ea ot a.itoni '7 trial• 11d lb •t.Nl:'e. '!be uta o._ 

Waed 1A theaa an.dies han made it ;ioedl:lle 1D at.ate the opU.. 

leagtn of ooll .. ttoa pe:do4-. the aial.a\11 aat»e of at..-. n..._ tD 

4e\eet -.ae 1-..t elt1711.1noan, 41tteren• 1a _...aaoai-. \h&t ma.tor ac>uree 

or ftdat1on. and rela\94 taoton oontl'.'Ol.11~ lbe aooee• o't tis..t.toa 

aa4 aet.alloli • Viale. 

, 



A 41.gaaitoa trial reprea,mta • eoou.rate aeooun'i1n.(: ot t.be IIID•t• 

ot teed. eat.• a4 tNu curetet by a U.laal ia a 4etinl "8 par104 of 

Uma. Ia ooaJ\111.etioa wi \h the proxl.118"8 ob•1 Gal --11'•• ot -. r...a 

and. teff&a the date. obtatae4 l:a a 41geet1oa II'~ al ;u.•ont.e a lNU.S ot 

utel'Jliniag the dlgestilnli 'iy ot eaOh au:tri&t. l'ma 9UOh data tu 

praetioel a\ltri tift val.Wt ot a rat1oa or rougAllge ... M e~Nas.t ta 

t.ae ot T.D.li. and dignU 1>1• pmtein. (lla;paar4, ltSI.) 

!be Z'tll.iabll1"7 ot digesUlnli'Q' d4ta depc4a upon .tae'llol"a ral.ai

lDS 1lo "11• Jllde,mel abown in the seleoUon of \be ex;;.,maeaW uiaals. 

the *ill w1 lll wb1 ell the alllllls aN llall88e4 ad 'Ute a~ or pm. 

Nd.UN uaooh,t.C wt th the qwmti '8t1Te aepH\a ot the trial. 1!l:Mlae 

ad other f'aotora aoh aa the ler:gth of' tlm• allow ta. maal to• 

a.dJa9-.1 to the ru.tion and eY1l'V•et1 the llldn.tcumoe ot a ooa. 

•'-' tMCI tntalce and tb.8 fSii'Htctlal ooadderat1011. aeo.aaltate4 by the 

aat.ure ot t.be »hJ'aloloa ot dl&Htloa 1a the apNlee 'bel.ng ah41ed.1 

JI.aft 1HMa tborovcbl.J" aonst.4eN4 'by'~ (1914), Beaedtot ad Jll..._ 
(1918) u4 J'orltea and Ol!'lndl8J' (19•• 'lae ..,pliaatioa ot the pna

alplu aiZ"eH94 b7 ta••• Mrl.7 iaYeatigato:ra has bee ot ?srlioular 

1JQOnenee tn 41.ge&Uon '3:'181.s w:l \h large utllals beoauM ot '11.9 

Ullite4 awoer ot 1nd1T1duala llbiob MCNlOB1• teaatbility pemtt.a beiDC 

IMUNl :la ee.oll ,rta1.. l'h• it ta ree.1184 that aost ot tile pultlished 

dlge8'\1 ld.11 ty d•ta oa lai:g• aai-1.a 1:aan b8C obWn.C 'Id. \h tllne a4 

tour aniaala and tNquea.lly w1 Ill oaly two, the trportaaoe ot ~4 

aper:laumtal \eeh.nique 1 s GI.Mi"ly indioat.ed. 



a 

Yer, otte \he Ql'laar7 Di,~;• aoreUoa 1a 4•temiae4 •• a 

8\llpl11111H,nt4l"J' pan or • cttgnttoa trial. !a• &IIIIQuat ct at~- ..,. 

Waad. par d.ay bJ- aa aJlb:al ia eal.Gllla\ecl 07 au.trln-etiag ~ a1 'IIOa• 

uore'Hd 1a tile tM9a an.ct m-tae f"1"0II the iu k,)"1• iDtate. Al tiaougll 

\ha Id. trog• retention la not a nee.tHaa:ey ftlue la Ille 4•t•mt•t1oa 

ot diseatUdJ.itJ, 1t oa. U"'ler «>mating tor tu Ditio;• 8H4'etloa 

of body OZ'J.f~in. 'be u.se4 ta t.lle 4etemlua'tioa ot the b1olog1oal 'l'alae 

or protein• and the aet protea r9qUiNm1et ot wl'Mla. 1!he pl'Obl•• 

tavolTlld ia obt.alntng nitroge ntabal.1• 4a'8 baff l>e• coaa4_... 

1a deWl by a uttell (l.924} (1926). 

It baa beoo.e appa1~et in rooct ;yearn that nm •• 'the ben 

~ q11aa ot IIIDJJlal autt:'1 lioa AN tlPPlled to a;penseau oa dlgest1oa 

ad. m tmg• ••talwlliam, aiomal phya!oloi'!;ioal Tarlatioaa or 1n.41'1'14uala 

w1 tJl rupeot to ·Use, and 'bet~ 1ruU.1'1d.uala at tlie ... ti.., gNm.tl.J' 

1.n.tluanoa the reaulta ot aUGh aper.laatrl• Variattoa la the pb;J'.,._ 

l.ogilll.ll lHtrt'Oa1aa•• ot iZMU'fid.ala •• real.1M4 lons • .,. Beed.tet 

ad at tac (1918) wbO 4elamned th• 41gea'1b111 t7 or autr1s1.11 wl th 

t1o steer& tacl 0Dl7 roughag• They r.poried the l':e&I\ dtge11tton to-

atn. o1 eta tor eaeh a'4er la 11 cttgeatloa trial.a of , 1D 10 48.J'• ~ 

ts.on, but 1a tne abaeoe or s\aU :s'U oal aatboda DD tv.rt.Mr anal.ya• 

aa aau ot the datla. !'Ao 1Dtlroduo'lioa ot atat1st1N 1D aVll"i Uoa 

nwUea toaue4 attantloa oa the h\ponu.oe ot p.11:J'dol.o@:ioal. ftrlaUou 

ot aa1mal • la 41geet1oa u<l meta.bolt• nml•n. '!ln!o•ll the 4'?P1.1•Uoa 

or apNial •21>•l1a•\el decsaa 1'1 llaa 'bNOlle ponibl.e to &l1alllate 

theee var! atioas, but la do1ag a, the am cd s.,- •• N4WJe4 ad the 



eon per 11111, oltaffa\ioa •• «-JaNqvaa'1.y 1aa:r-...a. Ellowledg• of 

\he noaai Yal"ia·tt.oa of utMle la 41ttveat Ina.la a4 lb.al at.._ 

lag betlfta aJdJllala ia the aae w.tal. ooul.4 lead to \h.11 1lM ot mn 

etfi ei at u;p.rt1u1mW 44amsaa. (Sl.edeoor, 1955). 

Ii 111 ot oo.1ud.dehbl.• 1mporlaaae filMI' a ltllftiei•t a19Nr Qf 

anial e be ws$4 1Zl •oll tnataat ot a ftg..Uoa ti'i al 1io detect tae 

4fti red cl1 tferciM betlNNiilll the ffiQG.. 70\ ii 18 NDDmdoail7 1.ma'>lm4 

to UH lliN anit':ala thu an aMeaau-:,. la a at1Mltpt to pN'd.4e 

this iatormaUoa, Jorbea aacl ueoelalu (1946) coaduted a dlgentoa 

\l"ial w1 th U alleap. J'ma th• ata.nd.ard ...-or they o.uoul.11"4 the 

lual a!gal.tioat. d.it.1."eruoe betweea aeeaa whloll oould be deteo~ 

wl th l ta 21 u-. per U"eatn•t. Al tlJGUgh similar 48"8 •ul.d be 

higbly 'beneti121al in ditiesU.oa u.d. aatebol1a a;ierimeta witll 'beet 

eatUa, an. uaiutioa ot the 11 terature tail.«! to NT..a. nc into»

-.UOJ:1. J'or Wa l"etl8Qn, a aanee ot -.ttoa d1gest1oa ad aetaboU.• 

t:l'lela -.. ooadu.oted DJ' the Jleparta•te or Antaal lllaban41'7 a4 

Agr1 G'1l tval aba1 stl')' Aueara or \he Okl~'lOJI& Jgri cul tunl ~en.

.. , staUon. 



A Hl'iu ot digeaticm aD.4 m•mg• balan.oe u:tals w.a -.ni4uotet 

oa a gs,up or l! gft4e Bere:tord ..._.. fed a rattoa of app:ro:d.llatel.7 

ea•'-11i ooaq,odttca (10 iu~r ••t piotat.a) eoapoetld ot prairie bay' 

IIUl)pl--.le4 tdti\ co'itoaaeed. aesl ad Jld.n•l"al• the d~!~• 4aUJ' 

ar. give ia Table l.. The tint trial, which•• a c11g .. u,H1 td.al 

oaty, _,. eon4ucted •• the at..-. wre lO liDlltha old. ad nlabed 

appnn:taa'IJely 500 poun4a., The ..-ad Gd thi trial.a, ill1'01Tillte 

both dlcesttoa cd ait~s• ret.ctioa studies. 1111$N oond:uoted •• 

'ibe atoera __.. U md -S> Jll)Jltha old. respe.Jti Yel.y. Thai r aftragtt 

walght at '1¥)ae c• •• 68D cm4 1000 polll4a. ftc,ii:)8.ti TeJ..y. 

!he ~orbumtol µl"Oee4'1N n• tn• aama ta all th.l"ee trial• 

TIMI gt:J!Wls, after boln,g bmUgb.ti ill fn,m th• range. WN kept ta PIIU 

tor a 8* or aon to pGl"al t \1181:r adJUa'11•t to ~ ra.tioa and C"fil'OD

JMlllt. J'ollowt.ag 't.'d.1 adJu11a•t period, the .tftl"a were pleAed 1JI 

M'lamlia nalla aonstru.otect u 4eaor!M4 by Bl"lU• &D4 a.au• (194t) 

ad Bel.sou, !lllPHm1 QQU~ 511d llaOVioar (19M). 

Prel.bd.nal"J' toed:lne; pert.ob Nft ot lO er IION 411711 4\U'li.Uoa 

tollo-"4 by thra• euoo-eeat.ve ~ IOU.ot1on period• The a15.ala 

nra tad oa~t' cf' tile ftl.tioa ill the mo l'lliD.1 ad the ra.al.D.S.. ta 

the •mag. Samples ot Ul.e pl'ld.de bay and «>tton...a aeal wen 

'*• et aaoh reedl~. At tho &4 ot the ..ueouoa poi"lod th.

am,,pl•• wr-e \l'lol'Ougllly mixed an4 fllPJ.IIOZiatt.tel.:r oa .... tourth ot •• 

• 
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GA ~ t•~ tor eaa atee fee 1111111,u w.-. p~~ hi' 

JJl'DJ:DaH a. !he trull t••• RN ...... 7 at.al ID :pl'0'9149 

ntfN8Ctat1Te .-p.1-. !'dpll•te 10.0.. ~- ot fNall ,.._ RN 

we:lped. • • to1."aioa IMlluu tor ~- ~11at1oa -,. ._ _._ 

tic Jt.fel41dd 11etno,. •~• ia •• Ilda• wa ~ oa a.it.•• 
10-ltl. 8811)1-. A Ill~ ot ~- ••• -.altale a4 ~-

cnwrto -.alphat• (1 ftl :ntto) •• u. u •:1a17al I.a d1 491...._ 

aat1oa.,,. 

n. dry aatter OOAtst or t-.l .aple -. 4ekmaet a:, 

wlghlag a S'lO p. --,le of treall tMM 1ato a UNI ••W •uiWa• 

ut 4ey1ng a.I 18!9 C ID OOU'Nm.l It -· 1nt.-.at to .... 

•t• NDPl•• or tr•all t"88 tlOR tov steer• 'Ille ...a,a or Wa 

lul (JippeAl.x kbl• G) abo-4 t.~t Utt_..• Detwee 11eqa 

was l'lillt tiout at •• 0.01 l•el.• 

Be ID1atve 8:lntaat ot all tea4a ad ate-417 feees aa 4et*'s:ned. 

c7 4J7i.JII 4tl\lteato a.,p. 1Ja11Pl• at J.oo9 a tor 4 sva. Th8 u'8.S-

uticaa ot 

'11• Bnnou ot .Aaal.Yida 

ma.tab (1990). 

...._ ti.Der RN aau aoeol"d.1ng ta 

AUDalaUoa ot Ottteial lcrlew. \val 

Sa• the nanul'.'11 8ft'!Or ta a1 t!Ogs detemtuttou oa tn;pllnte 

1o-ga. S111Pl•• er tn:all r .... ts 181"ge h•UN ot tu d.ttt1ou1t1~• I.a

wl Tel ia ad--,uate\7 atxisg a •'-'.:I.• t t .,. t.i t that madutiag 

'11• a1 tmgc d.1tt•J."ld.aa U.oa oa 'Ille g•nad ,_. .. p rertollaly to 

wastut 110\tld el.bduM aapllns; 41fflou1Ues. Al lt 



~ at~ 8 -1/il!&a -- - r.N'llOII 

-· talt lie 

... he-' ... add ·--

a1. ... ,. •• ,1c.a11111ut'Clfl118 Wl'e Dlde 0& 

ie ... ,. 

ate'l.y a 

ID~lrla (1944). iO._. 
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Bia 41.,rNtild.U.ty acett1Uaala ~ •tte•, o:qsm• .. ,'81', 
p11>t•tn, e:naa,, •ru4• tUi•r 84 a1 ._..,.ftieo --.., wen 

&e ... ta.t tor•• steer •• .._,. .UNUoa pmot. la all 

trial• DlgU'Ub111 ,1 eoatt.t.ela.t. all a•tn••• 1Q' •• ateo 

t1lriaa 10-dq «llleettoa p.er.to4a wen oel.ulated tl!OB n-1.l• o'Dtda.t 

oltWaed 1a l.5,.day acllenioa .;,el'J.04 __.. oeleulat-4 tll'DII natal.I• 

obtalaed d:u.l"ing 1, a ud s. JJ.l 41geaUb1l v eoatnc••• 

are ealeu.lat94 aft.- correaU.ng tor -, t..i nt'D.NJ.e ,vt.af' • .u ... 
tdOll pe:nod. 

~ff etMra __.. -4 1a all period.a, exo:epl I.he WNI. ae d 

lrlal a. Danae taat veriod :1 t •• neouaa:ry 11G ~Y• • ...-. N 

u4 s, beeaue ot ba41.7 nsllaa J:looka. 'a• ua ••~• Ill .__.. 

1"1toa-. the ~l•s t'l'OII 8'•R a wen lon ad .,...,. I.If rtlfuaeil 

CNptioully lazge f:IIOWl'te ot teed. .u ~• re.ult '11Nlt elbd.-

nt1ona. \hero r..ia.t tor srta-.1s'1 al ael.114 a \he daa 9'Waa4 

111 lh 10 at•:r• 111 each period ot trtal 1, 11 ateens la •• v•rto• 

or tdd It ad 12 st.vs la pel"!lod.a 1 ad a, •4 10 la period. a. or 

tl'lal a. 
'!be 41.geettoa coett1o1 •u u.4 relal-1. 411uUbUl ~J' to2' 

tadJ:n.4111&1 at.Hrs oa I~ ooll1acs'1oa la tl'iala 1, 2 U4 I 

8aJ' toad ta J\ppeaa.x: able• A, B &Dd. o, NIIHtOUYal7. Tab!.•• 

I a 0011.taia lll Uoa to tha 41gu'1bU117 4aa -kog• 



u 

ltal.aoe da'-. tor ln41V1dual atewa oa •• s.4q aoU•tton per.lo4 

w1'1d.n ktals 2 aa4 S. l'MJHtativel.y. lllgnUoa aroettted•l• ol,tataecl. 

lflill 1Ad1'V1.dual •teen on 10-da7 aolleetton perl~d• la t.rtale 1 1 I 

and S U"9 pNa1111te4 ta Appa4lx table D. S1a1lar d~ta eil,\dne4 t1'Vlll 

1!5,.4q ooll.Uoa I>fflo48 are pnaea.ted 1n Jppm:ut1s ~. & IaG. '1'14-

llal. Jl1 VOS• Nl•tion data fll'oa lo. u4 1~ cnll MtioD perlou ta 

trial• 2 aad 3 are 1nelu.de4 la lq>pendiz: table l) ud & 

'!he 11eaa d!gesUon aoet:r1o1ents, Tanuoe, et.an.dard 4ff'1at1oa, 

and studard R.ror tor the tnzree 5-ctay aolleotioa periods, the lo. 

c1q cd tlle 15-441' aoll.eetlon .i:Htrioda ban been ooaputed aN 

giftlll la 'fable a of the tat. 81.Jdlar data oa n1tmgc rtttctioa are 

gl T- la 'fa.bl 9 5. 

l'Ul'tl'.ar 1!rl&t1atio"1 tr.at.met 1 a oonf'ined to the diguti.blli 11' 

ooetf'toicia ot orgamo matte, pl\Jtein, ad ft\lde .fiber, ma the 

nsteation or llilNg-. Organio utter 41seatlbtl1t7 n.s •.- tor' 

tuth.er study l"atb.er t:;era. ~!lA!t ot d.r.,r 11atter dlgNtihill t:, lteoa\lN 

of the grt,.ater eisatf1ca.noa or t.he tamer in tal'lfta or •U'!D' c4 tile 

al.hd.aaUon of tno er:rol'tl l"\llated to the ~ta ot minerals into 

the tn:katllJ.81 tran. .Du.ta on th• e>i>a,..._t digeatibt.11 ty ot pzoieia ad 

erwie t1bsr wn butlwW la additloAal atat:iatioel. ualysta beeeue of 

the illportMnoe or theae nuta•ta la 4tgestib1lity stutes. Crude ftbel' 

aa a trantoa 1a t"4 c.alyde has t>e• 41"1 tioi-4 b:, ~n\1119IOD. -4 

MQnard. (1938). Al\hcr..igh tlda tftOUoa ia auppos.ed '° o:naidn the 

..UVlon ad lip.la ot pl.a., ueaue. lose ot lignia in o'f'U.dAt ftber 

uundiurttou baa bea ••by••• u.d Batley (19e) to a:>1.lllt 

to u 11111011 u 85 per .. t. It he.a be• &Uz:guted bf 0ftll.Pioa an4 
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~ (1951)\bai '- ON4e ft'ber 4e'-laaUoa N ftllla.eed th 11.-

llla, hat Mlluloae aad ..U\1losa deictmdutic:ui•, bat 'Che ••• Iba 

enn labor nquin4 h.u prereated wlde-spnad adDpttoa ot tb.11 .,. ... 

ti.on. fh• ge».eral uttlisatton ora4e tfber 41gut1oa eoeffloiet1 

la .PNHl.1l-4Q' Ugeattbili ty data JuaiU1ed tlltdr 1tu1J.uato:a ta ~ 

pnect ••41• 
llla'U.nloel an.lyBis llt tlw ni ia>~• reictioa dak obtdne4 la 

in.ala 2 ud ! :baa lie eont1aet to wlih!a lrJ.11 RM1lrl•t llnM tne 

d1tt8ND.ee ta as• and dz• ot 'tke s...-a ta ihe ,~ vtal1 culd lie 

u;peote4 to lliflus" 1.1 iqea retaiio~ 

Th• digeatfbili tJ ud. n1 uoc• retettoa 48'- or A;ppc.ulix Ml\le1 A 

thl'Ougla I llaYe , .. IOll)ile4 :la aa at~t to detead.n• tu opU.,a 

lug'th ot digeetion trials, the ajor aource of Yartattoa with Wlals, 

tll• •aber llllbala aNded to 4eteat Blgait'iout ditteraaoe betwea 

a-. aa! the •tree, ot .Ugh\ YaziaUoaa 1a th• ec:mpoal'U.oa or ntto1u1 

ue4 in dittarart trial• 

Anal:.,1111 ot th• dige1'\1b1li tJ data •• t1r1t ti.t"98'll4 tonl"d d.etel"', 

ainiltl wbeiber the YUtaUG•• la Ugedioa e:ulfflclant1 b7 the aae 1teera 

la 41ttereat penoda aa gl'MW ~ 'Um\ 1tJ clttr...,_t a'lffn WiWa ~ 

89e period. Ml aaal:rde ot 'f'll.HallN •• a&de oa the d1g•aUo.a ooetf141i• 

et.a or oqreJd.o maiier, 1u:otei11 ad etil48 ft'ber ollta1n9d. 1n the 1-dq 

eolleoUoa i'•riod1 td. wa oaeh Wla1. The nqul ta ot th••• Glll.JMI are 

al'.ID• ae •!llh• S-u, p.to419 l• !a\de '1. 

Yutauoa la 411•ti.'bil1tf ot Ol'lanil ailel' t,7 '11• ... •t•en la 

dittvc t, pel"loda •• l••• thaa th• nrtaUoa lm>DS •'"r• lbla a i>•rto4 

la in.ale l an4 II \ae NVeree wae vae ia trial L Tartau.oa 1B pl'Otela 
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cligea,1ttu1 \y by '\he um• 111Mera la 41tt_._, perioda ueN484 that 

be\w•• m.aala 11d thin a ;ier1o4 111 all lhrN lriala. Var1a'1n la fU.8..., 

Ub1lt'7 ot on.de t1ber by the UMe steers 1Jl 41ttar•\ periods waa 1 ... 

baa as>l)I atffn la tbe Nme parto4 Ill t1'1al l;: the op,poei ta waa VIMI 1a 

trials 2 aad &, l'1"0II 'Ille tao~ \ilat la 111.z ot t.iie alae aaalyaee or ftr.t

••• 41ttereaoee betw•• the NIie a\i,ere la d.1:tterent perloda waa greater 

tbaa tho•• aaong at,:,era Id ih1a the sae period, 1 t would a.ppnr \hat 

these 41tterceea wh1 oil appeared. la 5-dq penocla wi Wa tl"lal.a are 

geaerall.7 llharaotertsUo ot tbe MflllaUon. Ia a a-st4llllllllP, 1lo RbalaUate 

thia 001101.wdon, an azu.uyaia ot varianoe waa aa4e ror the digenloa ocettt

Cd.ents ot the thrM autrtenta o'b'ia!ned 111 all 1-4&7 eoUNtio11. 1;erloda. 

Th• eo~•• ot ftrianoe analyzed. were trials, periods w1 'tl:1111. trial a, 

trial x period 111tere0Uon and error. The reeul ta are aaltlarizecl la 

the n nt eeotton of Table 5. Ot interest are the signi Neut clttterm••• 

betweea. J>el'iode wl thin trials. This and the w1 thin 'tl'ial 4&~ prff'iowd.7 

presented i a UBderatood. to iii•..18.ll that tile Tarhrtioa la phya1olog1oal. P•• 

romance ot an tnd1Y1dual. a~ mani:t1:.<11rted. 1Jl dlgeatib1lt't7 da\a 1a graater 

tbaA t.ue Yadatloa bet.wee in.41 v1duala wt tb1a tbe ••• p•.dod. ltd.a 

leads to ~h• oou.Glua1on t.:.at l-,.cla7 .011 .. uon perioda are not long sovch 

io »amt t a true eampling or th• poplll.ation. 

81.llM there were aipiti oa.n.t ditt'er.noea la the 41~eaU})J.J.1ty dab 

obtain.eel 1n $-de.7 oolleotloa P•riode wt 'lhlJl \be aae tr.I.al 1, waa of 

interest to det'IJl'Jliaa whether tbere were atgaltieftlli cUtr~oe• ill '1le 

dlgeaU.oa ooetttoie:ta ob,al11,ecl ta !5- 1 10- u.4 15--487 aoU.ntoa periods. 

Jleault• ot vart8lloe anal:,see are allo• oppo111\e t.be tt• •ts--, 10- and 

ll'S-d.q pi.triode• ta Table 4.. Taeaa resul ta iadieate that atgatttoaat 
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llogNee JM.gui1 bili ty .,, ... 1>16•.U bill ty 
of ot dlgHtibU1'7 ot 

Aati.J-18 8>1ll'Oe ~- C:U.'San.10 M'IMI" ot pN'l«ta tl'Ud• 

.IIMMl1 aaware aoaa -
.._, collection Trial (age) I -·-- 100.,,,. 1a.a.• 
pedoda. AU 
trial.a. Ped.oda w1 thiD. Vial !i ( ege) a .... ..... ... .... 

'frlal X J&Od iAieftltiOll ' '·"' ...... ... 
lft'OI' 9J, s.• S.IG .... 

1o-clQ' oolleetioa ta.i <••> I .... .. .... .. .... 
pertocua. Al 
tl'lala. llft'Qr ,,, 1.• 3-'1 ... 

Q>Yariaee UAlys:la lftora of eaiiR11.tle 
(1) 0 f lo.d.ey !rial (fl!•) • S.fl ... I.M 
mJ.lff'lioa perto4a. 
All t1'1ala. Ertor • ,.1a s.16 8-18 

-· 
• neat at 8 .. out l aent lffal. 
(J.) Dl1utib1lt ,,. ot auid&t •• a taet1oa of th• i)rot.et.a ot ftiiOa. 

""' ""11 



TU':la.Uou do m>t oocmr in ta••• ot 011rdl• mat~ diguUltUi-. 

8lgal.tiou.t ftr!aUou do ooar 1a the dig..Uoa eo.nt.oian\• ot pNUia 

u4 el!"'Uda ft'ber la mat 1112~0••• Al~h tittereaea WN a1n1t1eaat 

ia oo~adaicuu, ot ~ u4 10.. ~ 41gNUl>il1tJ 4.a.ta., tturrs• 4ttte~ 

HN » loasw idpifioant w.a capart101u1 were or t:he data oltWlllld 

rzoa 10- 1..._, eolleettoa iutrioda. fte reeul. t-, of taeae GDIIP&dlllOIUI 

an •• aa the leu,t • 1 tels or lf'ftble ft. ft.as, it oa be 1D1u11.a4e4 

that 10-day oolleotioa a!'1t aarn .i at l to l'."eduee the 

Yadat1oa ot indi:n duals wi ill resp Mt to t:ta• 10 tl:18 ~otnl aere ! t i • 

m:rt 81gniftoo:'1.7 ditrerui at 5 e:r oat ln&t from ftrlaU. 

'ilet..- 1n41Yi41Mlla. !be roUlts analyeN ot Yarlanoe 111\mg• 

ntmi:tion 4a'6 IJh alao a;1peara ta !"able 4 t11TOr the sae eoaaluidoa• 

Th• age ot the ateen -u• te titrenmt ln aall or tlle tl"lal• 

T'.bl• rats-4 the queaUoa whether the digestion oienb cibta1aa4 

la oae 121.'iml a>uld •• a1pJf1cantl7 d1 :t1"'0II tooae obtatn."4 la the 

other t:a> i:r:tala. 'lhil• 1 t is poedble cv1Na1umtal tae10ra eouJ.4 

oaue algmnoaai d:lfte.:-eaeee !a the plqaiologtl181 perto1•n11u,a ate-. 

1a trlal.1 oon4ue1.ed Klntba apart_ it 1• Ulllikaly 'lhat this na th• oaae 

tuioauae of the ut:tom aaag•et -. st.ara rMe!Ted \£1mucJaout t.H 

mt1re expel"'lmat :lnal.udlag lb• t.i1.e Jtetw.- tdals., Aa.7 4:ittercoea 

1a digee'1bil.1ty da.'8 obtalne4 in \IM thNe trials wen theref"oN ae...a 

'to be du tio d.ltf'M"1m••• tn. the age w etee'°a. Tile eoetttoieta or 
digest1b1lJ. t:, ot orguie •atter, :;:n."Oteia orm!• fiber olatained 1d Ul 

the ... 10 ate.rs ta a lQ.4a:y '°lleetioa pmod ta ••ll an.i wre .._ 

jeoted 'le aft41.ya1a ot ve.rlsoe. 'ftlD reauJ..ta ot th•n aul7aaa are alTC 

111 ~• 1.ooad netloa or ~• a. ._ rNul\a Bmw 81plftaa1. 41tteraou 
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1'etw"'8 trial.a 1a au.tl"ist d1geatU.dl1 t7. Betton aoe-,tuw ~ trial. 

4itt.,..oe1 as being due to age ot ateera1 1 t •• tho-.ht acl'11.sa'1• to 

4etamta 111fUtber th••• dittfl"ezu1ee wwe rel.a\84 iD ditt_..... ta Ule 

piota.a oont.eat ot th• ration• Gallvp ad Briggs (liJ41) rci,one4 • 

oorr-1.aU011 ot 0.11 lletwa the llk1P&hllt dig•dtbUi '7 ot »,oteia a4 

'tn• penentege 1,u1'0t•1n or the ration ad. oaletilated the regnaatoa .-uoa 

ot the a,pe.l'&llt di@estUd.li t1 or Ju'Otetu aa a racttoa or the l'Nteia 

aoat•t ot t:ae ratioa. Blutei:- ud. a 'ioh..U (1948) attolNll\l a rugnadoa 

tD enat lt•tnn the apvare.n:t digeaiibili ty ot protc11 od tile peNat-

age of proteia in tlu, ration the latter 1s !5 o•t or aor-. fte 

d1c•stib111tr ot orguto natter od arude flber 11eu14 also he a,pdte4 

flt.• avel"tlge p:roteia oon.tent or the rations 1ngaat.a4 b7 th• ateN la 

Viale 1 1 2 alld S wel"e 9.7., 9.9 and 9.1 zt•r oui reepe.ottYel.7. Jlthotgb. 

"th••• dltter11ru1ea ia ttu, proi.,1n content or the ra.t1oa a.re twt l&fl•, 

it •• ooaalderecl adriaable to OOl"Nlet tor a:D.1 ettNt or r•readoa by 

abJeoUng the data "° an analyst a of OOTarianoe. Tha reaw. te ot these 

analyses are pres.•rted in the last sution ot TaQ'l.e 5. It ia QPIH"&I 

fl'QII these reaUl ta that ti.u, trial d.itrac-aJUlet ia digeatib111 t7 ot the 

autrian.te 11 not nani1. t. or dittercoaa 1:a uc• or e:nromhmtal 

taotiora, but reaul ted troa ditfere••• in 1>rotein coat.at of th• ratio~• 

'ftle aoat ot ~•d&aJ1tatio11 1a relate4 '° th.a degftfi or prNidoa 

'lll tla 11hialt. 48"8 ar• obtdae4. It tn.• pre«l aton ot the 11etlaou ued 1• 

ludequate 1o deteot the deairied. n{lerlactal ditf•t'lmoea, a total 

tlauetal losa ruw. ta. The uee ot ex;icsi ve aethoda yteldiug data 

wbo•• preoieion 1• g:r:-ea1Hn.• Nquiri!td 1• 11.ltewia• saonoaiaal.17 
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•aoad.. Sl.:rtoe \.ue aw:i de.nee ot th•M et roum,itanoea 1a cttcea'tioa u4 

Al tl'OiitR trials w1 th beet oetU 13 t e den rable. u. att411111>t wa• ad.• to 

cletl!l'!ldll9 the ll.Ullbar ot animus re,,Uired to det&0t dttteren.••• 4v.• to 

\res.act. 

it.a aoar;,:molieh this, the d1geetiblltt7 and nitrogen ret.D.tioa data 

ot the 10-dey collaot1011. periocl 1n. trial P, were aelectlilld tor rv.rther 

anal7ef.a. These data were eelaGtt!!d becau.t:e 12 eteertJ were used. 11\ the 

trial, tJle protein conti\Dt ot th~ retto11. (9.9 per eent) •• h1gheret ot 

all trials. and tnere were no re~-d retueue.. As aboWl'l tn Taal• P., tb.e 

ING dlgeaUon coatt'teiente ~or o~aDic •etter, protein and orude tt&>er 

were 65.0, '53. 7 and a,. 71 respeoUTely. The ,,.artancee tor the cttgest1-

b1li t7 ot orglll.J11C m.attor, pl't'teln od e,;"tJt'te, f'1her were 0.'72, 0.53 aud 

1.57, l:!'eapect1Yely. The standard erJ"Or !Cr. etl'lah nutnent 1me the ou

Otila,od tor l to 1! steera. rrom the st,:,ndn:-d error to~ l1t~at s1 ~tA

oa.nt dlttercnoo between th.o JH.em.f! was o.,J.cnl.et6d to~ each nutrient. 

'?he resul. ta ot tl~e.se oaloulations are •• ill 'l'abla 6. 

Ill Table 6 the least ei,;n1Nofll'lt dftf't)renc• be'hfe,~n 11'1.6,l\fllJ ie o 

app1"0xtmation o't the d1. rr~rAno& ~J. ch Ru.at exist bet'B9oa dtgegtion oo

effici eAta in order to~ this diftennee to be slpU"icant at the 5 per 

oent lnel ·•tien a given. n14!b,n• o~ ataer-R n.N subJeoted. to two tr6Atllhi.Uta. 

J'zoa tile data in Tiihle &, l t. ls apparent tli.at the varietic-11. 1a t!le 

8.t)pa.ront; digesti oili ty Of :,1 rot"!'t:n ~r:l.11 't'e!' "1 a;rettt(IIP n•be?' ct ebral.e 

1iio deteot a1sn:1ticroit d1f't'11rt!l!ces theti 1e l'f.tquir"ed tor ocmpa.rt,ca.a la

fl>l't'ing o:rgen1o m.tttt.er an4 oNde tib-,r. Ia \b.e ca~• ot ~i)&"'ettt 41geatt

lall11;y or protein, which lJL tlliF tr!lll had 11. 11.$8.11: ot 5~'1, it 1B ev!dct 



Tabl.• 6 1 StllB!Jl 01 S1'El3S .tl~ED 'W Dn'B0'1' Tai LBAS'l' Sl~I1IOAl'1' DiffliJt:._(D 
(I PJa Offl'f) Blft'WJGII THI ~ or OOWJ'IO!Jlft'S OJ' MOmt'IBILITt 

,maid o !!!SI!£ : 
OJ- !1100 DTS .AliD o-, llITIIJO l!Jf m:,r10)11t 
iiiiii l:§al := _ - 9A4t no• ~·· 11 $J2o9 £!:1101,g. 1.-.., eaat Leaai 

81gl1i t1 OQllt aigm.tt cai aigaitt cant aiplttoaat 
li>. or stan.darcl ditterenoe Standard ditterenoe Slaadat"d titter.-•• Standard dittereno• ... ~~ .... !!!21 ~etw.e •!!!• erct>r be'tw!!!f: moa.u.1 •l"l'Or "°'wea .. au ~!- J~f!1W.~ ¥!!" oil·-

1 o.m 2.5 2-09 6.4 1.m a.1 2.,98 ,.a 
I o.s, 1.e l.'8 4-6 o •• 1.8 a.at a.a 
3 o ... 1., 1.21. 3-9 o.,. a.a 1.'1 I.I 

" o.c, 1.2 1.04 :S.I o.u a.a 1.41 ... 
I 0.81 1.1 o.,, 3-0 OeH 1., 1.m 4-1 
6 0.11 1.0 o.85 2.6 o.s. 1.1 i.a 3-8 

' 0.80 0.9 Oefl.l Ii.IS o •• 1.1 1.11 a.a 
I o •• 0.9 o.,, 1.3 o ... i., 1.0, S.I • o.ae o.s 0.'11 i.a o .... i.a o.tt lt1 

lO o.• o., 0.66 Z.l 0.40 1.1 .... •• u 0.M o., o.a a.o 0.51 1.1 o •• ... 
11 o.a o., o.eo 1., o •• 1.1 o •• .., 

•oaiouJ.ate4 tl'Oa the r&t,Ul ta ot 'J.'rial JI 1 pedoda l e.nd 2,. 10 cla7 aolld'Uoa. 

,. 
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that 1t tour st~ are uee4 la eaa tl'&atlteat. ~• d1 tt_._o• .,...._ 

the a11:ma: will be ~lgm n oac t it 1 'I ana48 &, &. l'll• liai \a he,owl 

'l'l'b,.ch dtttere1uo~ would '!>e dettlC1.l.ld. 1t0uld bl!t tJl.5 and 56.9. AA 1118Nf!N 

ill \he n•b•r ot •"•&l's to 12 p,J.r \~tilttnt onl.:, u.&rl.'OW tl:le l!Jli ta, 

m.e 1Jo 5!5. 6,. s:> 1 t 'MOU.ld oppmn• tliat the us or four nears , •• ll'eat;... 

111ent wow.~ detoot. d1t'tM"«Dce ot praetiolll vuw,. I, ie hterentag 

to rote holf t~ tHl!:,:ala IIIDUld be raqui~ to tlet11ct di:!"f'ttrm>AMa S.a 

oqganit.t JU.ttc,r digcat!bll1 ty. On• steer per ~tmcmt. 'IIIOW.d pM'lld., 

detMUon ot emall,.,r dgnlt'icant dittersnoes ltetwec _. • ._,. ~ 

11:>uld t'our s't4'i:srs tn 'trillils in. whioh a,pparat digeatibilit7 ot pl"Oteia 

was betag detenetned. b. trial• l.u whi eh o~e fiber 41gutib111 °'J 

waa ot t1 ret ooneem, t":IO ateera per tn.aent 'llOul.d p end.11 4e'\Nt1oa 

ot di *.t'ennoea ot about the 1mae JNga1 tude ss -.:>uld be d.eteoted 111. 'th 

tour &teer.e per trea~ent 1n tb.e ot.iae or the ap;;arent digest1b1l.1Tf 

ot protein. 

It will !,e ooscrvod hi. Table 3 \hat a're:rqe al troe:c l'ftt811Uon. 

for the 10-dBY' oolleatioi::. ;?Sll"icd ia trial 2 waa •'-• vi tb a Y1u.'1anoe 

o't a. ,e. The u:rn ot these values pe?D.1 ttod the oalow..11tion ot the 

l~1st Bitii1noru:;:t d1t'i"Wti.'nce illhloh ce:a be dncatffli tor a g1 v• a\lllber 

ot Hnb:als but t:1.e coett'i.o1 ent er nr.tet.ion is so l:irge (•6 p.r oat) 

ttla't I.he d1tter:mees be1meen trftetaellt aut be very l.u-ge to 'be aiplt

loent. Pma the de:ta ot 1'abla 6• 1 t api)eare that a r.i~tfic,mt 

cttrrenmoe in a1 trosen 1•;3tention could. be detec'ted with tour s'kera 

ollly !t the dttre~ due 1lo t:reEi:t.aurct 41ttered by aa •Ul.l a• 4-6 p. 



ft.Ne 41.gestioa 

w:l '13. 11 ,111,Hra at ill• 

111 tmga. 'Ra1t.Cctl'!,c>I 

ot 101 IS 

• 

trial.a wre eoa4ut.4 

:.ID ~ _.. t.a • 
aua'8n&oe tn• nUoa rela:tivel.:, aoutaut 

tl"J.al IOald.at.a ot a 10-day prel1111nary 11Bd thrNI s\lOffaaift 

1-&q oollaetlon aHH"io4a. The 41s••l1'b111ty aoetnma,a ot 417 

•"•• matter. utraot. el'."'lil.4e ad. ,._ 

c-..f'Ne .nraat ••re d-'ermla-4 tor •ob et.- la •• ~ •11..,.. 

\S.oa ll.&M"*ibUi iy aoetf101enta were 4etomtno4 

hr 10- 15-day aolleetion. peri.oda. 'Die a..a1 ftR1u111e, a'84a:r4 

4ffiat1on. e:rmr ot 411•.Ubili '1 ooettloiet,111 of •• 

au:trl1111t 'bl '1\e ••••n oa ti\& lo-4q a4 ._ 

15-dlQ" RN d•t11:mlned 1D. trial.. Tile•-. Yarluo-. 

tmgm retention b,r 8'ffftt 

\ho 15-48.y wera 

4•teai:a.ad 1a •• trial.a. 

Sattstl~. ot dig••ti ty wa,_s eo.n.tined w WM 

grMteet phyaiologi 081. iligm.n ocoe in 

l'lalnat, asutl:,1 orgala aa'tt•, ad cl."'Wle fth••• SU.t1a1.1aal 

uelysie ot nit\'Ogm Nlentioa dak R8 llD!tdd 1lo id thin trial ..,. 

pan eona b.oall.i!M of 41 ot ~ala betlil98D 

lrial.a. 

41sentbUt '17 ooetn. o1 enta ob'81ne4 tlOII 

to 111.gatftout dU"f"e:r-- lkltwee 

'U'ial ad ijr:lCJ4G ~ tid.B tf.1 !11.11. ~ UM ot 

Iba dt.gea'1 bllt t7 o btainod 1B a l0,.4fQ' aoll eottoa pfi'lod 

la eaah ldal. lBUaahd 1~&hlJ' dpift~t 41ttera•• al.at 



IMltwee \'l'iala. ODYal"lanN ual,ai a rffeal.94 t.hat t:i ... dltr.-.ceea 

wn d• to IIINlll dU"f'erenou in pmtetn cont.eat ot the raUoaa ta 

clltteraut lda.J.a. 

Au11m.s or d1g•atib1UtJ ooettim.anta obtaina4 1JI 'ibrM a.4q 

.Ueetloa pe1"1o4a wiWa td.ale 1nd1oala4 a grea:l• ftltaUoa 'bttt-

cU.tterm:t periods th.a betv111M11 1nd1T1duala in the Nll'Ut ;h1t"l"d.. ftl• 

Tarlattoa was roduoed wh• s-, J.Q. @d 15-48:y "e}-.rioda tld.n the aae 

Id.al RN ualysed. wt 'Ul ihe 0%08'~ t:ion of •1"11.d.e ft ber d1ge8'1 ldl.i '7 

ta trial a, 811.J' ftri.atioa be$r..ec 5-1 10- 8114 19i,,.clay pmoda was 

allalaat&d 1a a aubseqwm.tl o:>mparieoa ot 10.. ad 1~ mllentoa 

pertoda. lJ.kwlN siga1t1om:i.t. variation i:a u1 tmge:n. 'balm:i.u 4ata 

was alilr1n.e1Htd. 0a tni a lM.111 a 1~ oolleeUoa iierioda af."9 r.--484 

tor 111.ud.1 •• ot tigNt1 b1l1 ty ed. Di trogc reten ts.on in at.en. 

,.. the digeaUon mid n1 tmgq balanae data oblai1u14 ia trial 

21 the lMlllt e1grdt1can.t dU't'erenoe belWNII. aean.11 eh aoul.d 'be 

tloeo-ted wt th 1 1.IO 12 enimds p•r traatae\ w1u1 4aMl'ld.aed. 
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~ Id. 'bog• o-r tile teou GJ.nteins ta add.1 Uon to uDdt;;•stecl. 

too4 Id. '1.'0s•, a r:r..uon onginaUDg 111 the bo4:y IIIW.ch is 1•ete1"1'81l 

1D u aetabolio teeal nitl'Ogaa. '!bl• tl"aOtioa ia -..prl.aed ot 

Jd. t:ms8DJ\ls CIDIQi)OUD4s ot 'lhe dig..Uve jTdMe, NGN1iaey pt"Odwtle 

aaoll aa the blle P10t••a, 8J1d 11Dftded Nila ot t.he ganm.4a-... 

'1.naJ. auacu-. • t.o.be1l (1924) (l.921) ha• atetecl 'ti.at the JDOat 

1.JII.Portant taoton 4etentiatng the aount ot .. iabol.10 n1 tmg• 

9Z9rlne4 1a the teoes are the 811DWlt or dey matter OOJ:URIIM a.ad '&he 

ooaeen.ua.UOll ot 1ndlgea'1 ble noni,.ni tmgemu.s mater! al 1n tho rsUoa. 

Sablud.dar (1934) hu s.ilowa that the nietabolte tooal nitzog• ot rata 

1a d.epewlat 1n part on t,.'le bodJ' d a ot" the an.tmal and vpoa the 

q1111mt1 ty -4 ti ber con tct ot the ra:tton. Al though reaogm stac the 

a:lncoe of' a GOn.._t tr:aotloa ot tb.a aetabol1o f'eeal. JU tl'Oe• 

w!d.ch is Aepcde:t u,poa body size,, Bl.anar u.d Ml tcJ:l.U (1946) .... 

el.u4e4 that We rrnc'tlon 1a •all s.nd not a aajDr ocu1.S.derat1~ 

•• 1 't 1 a inol.udal in tbe raUo m:presld.~ gnaa of t"eoal JU 'h'Dg• 

per l.QO sr-• ot d.ry satMr 1ng~ 

11\11..oua a.t~t• Jl.d'• bes made tio de'Had:ae b,- tMdtnc 

n:I. tios-...tree raUoae. the x:etabcli a ni trog.- ot the r .... ot 

N'f'eral a,p.-1ea ot aim.ale. It ia leae dltf'iow.t tlD ~an.ine Wa 

Yalu 1.n 88.11, ROUS .. rat ~ mtine t.b.aa. 1A l.'\lalnanta DN&WN alilpl• 

atloaaoh aat.mals •• 1M ted ni 1.1:0gea-~ di e._a Yd t.bou t ;.ce oao'I.UT'Coe 

• 



or a dra.U o abaomal phy's1ol.og1081. skte ot iAe 41.goattoa ••bat-. 
81aee Bi'U."CJC ... tne 419'& &.:'e unpalatah.1-. 11.tGhell aD4 !Julla (1916) 

Jlaft touad. 1 t q,adi ct to ta •Ch dins a mall llll)u».t ot a -.. 

i,lotel.7 d1s••t1ble protein. Saoh ddi ttoa do•• nos 1noraaae the 

r..i Bi h'og• GWN'Uoa. fte au.0Nt1a ot W• aetbDd. 1a the cl.et.a. 

ataatioa ot feoal n1 tJ.'Ogc ot cdogeaou.a orJ.~ia ot a1ap1 ... ,rtoseah 

etaal• 1a attested to by tl::.tc raatil«' "1.oM ~ea.:i ot ~ re~,ori&J 

la \be 11 '8ra ture tor ea.ah 8.i,Htciea. 

Ia 8ha1.'p <.IOn'trast to tne lidr,,;ple-stlaltach &ntmal 1 • tat nminal. 

The dirttcul ty asaoe1ated 'id th detem1n1D£ the z~,atabol.io t08el. n1 ~ 

•• ot rumlnu:ta ie i11dioated by tl.e l1ai Md nlllliber ot o~tioaa 

that ha:r• a;pJH>a.red la ttut li tGra-tu~ 'l'be aatut"e rwlinsn:t, dei,auleat 

u it is t1.poa the biootuia,i<1al aoUY1t1,u11 or the ruae ba~• t't>I' 

the digestion ot oompl.ex oazlio}Q"d.ratea and B')'lltheats ,,r autr.temts 

and. t:!:l:'IJ'Wth taoton, is not in. a wmal. phyalologtoal state oa a 

Id.~--,-... re.1iloa. Tbe inallU 1. ty to o..;;ntl"Ol tae feed 1n'1ek• ot 

aheep aad oattJ.e., due to the low pal at.bill ty ot ni tmgan-tree 

n'U.ona, baa toN•d st investi..g.:.tora to uae 1o ... protein. 1'8'liona. 

It .:>ul.4 appear that ttteding autriot ,:umiU U!ils or 10 ... prote111. 

ntiona aotrialntag a high .~tage or 1'.l~e aould pel.'111 t n.~,1"1!18l• 

tb::n.ash recluoed• 'bectortal aoUnt.t. 'ft.de ll()uld be t• dttterea:& 

h1a t.;;.e oos;plete e:lJ:J.DSe of flora t!:w.t. 'IOuld be e:Ei:, oo'Nd oa rae41tc 

ld.'t1'Dc~. pur.U'ied rations. 

ol.ataia a11t111c1ted TBl.uu to:ri the 11t,Jtabol.1e teoel n1 \!'Oge ot aheop1 

wbioh aN in gimeral. agrua.ant.. 'l"udt, ll)rr:l. sea and Ml\Y'IUlrd (19S.) 



• 
fo-4 0.56 GIJ,m., ot n.1 tmec per lQO gn. ot dry 11attw 1n'-e. linoh 

COIIQlarea ta:wl"Obl:r with T8lue ot 0.55 Nl(!Ol'"t-4 by Millar aa4 

llbmaoa (ltS), and &ma aa.d Kl lelu&ll (1941.). a:>tola• • (l1SJJ 

1'alue ot o.as ••~ to be high oa tile ba.ia or the a.oove r..isa. 

!aoel.1..7 m.ut.er and 14 utiell (l:146) o'b'M.1.1184 a Yalue or 0.55 '1:lzougll 

lu UR ot a low-pmtela l"Btioa u.4 a ~esatoa method to t,e di .. 

craaNd la\er la thla PIIPR• 

A a11t11ar 1'61ue tol." ~e ae'tabol.1o f"eeal nitrogen ot eat1l• ca 

DD'I l>e aOfM1Pt$d. w1 "th oontt4eno• because or tu mal'ked TU1.a;$len in 

l"IIPOr'k4 Talu.•s and the lbd tel. maber ot ealllllla uee4 in JlllOet 

atll.d1ea. Swazl8Ja aa4 ~ (1943) ra4 a low--prote1n rat.ion (l.HIQ 

to lO dail'J' hei :rora amd toua4 th• teeal. ll1 tmg• aeretlon per 100 

p. ot dry matter ln"*• to be o.53 OI• 'rhea• 111.aaoud 11ldcera a._ 

41ep teG t,11 a as t..t.e •taboli • teoal m. troge wi tl'lou. t e.coounune tor 

~ w:a.digeated portion or tl.l• lnge:ated ;irotein. Liknd.se, Butohta.,. 

aa4 lllrda (1936) 1nter.prett'Jd. tne t"o081 ni trcs• .-raUoa per 100 

p. or low-proteia :re.t.loa a• be1:n1..: the m!lte.boll a f'aoal a.i trosen. 

'!heir Yalu.ea, obtained w1 ih three d.air., aowa, 'Id thou:t; aorrectl?I.@: tor 

uadigeated diek17 prot.el.A. wen 0.41, 0.'4., and. 0.48 &a• hrther 

cl:1aegreast is aea 1a the 1'e,POl"'ti94 Tslu.e or 0.63 obtained 'by 

StemboGic, llalaoa ad lfa;n (191$) !lid. '11 d&:117 eel Yes, and the Talue 

ot 0.33 obtained b1' a>rda ad Wrtght (19:55) ,n:th oae •teer. 

ftV.dlea by ll*b.erJ• an4 l:uar (1948) IIIIPlmsize ue ermr ....it.. 

lac rzoa '\be u. ot aetaltolia teoal m tl'08• Taluu obte!A.t w:1 a 

10-..protatn rauoaa. 9:leae JOdtsra abond ~, aan.Uy NP&nk4 



• 
ftl>en tms ,1ie teoes ot eatti..e te4 lo111o,protet• ra•tona •uaWae4 

'b•'hfNa 8 and 12 per oat ot the toW m.lft>g• or tl:le t•ea. '!heir 

n.Uou, oontailll»c bet--. o.ea aa4 1.oe per ••• proWa wen le_. 

la aJ:tms-, thaa thoH uee4 l>y SWaaaoa aad Hemu [19.tS). au Htnoiaaoa 

ad lbrrt.e (li:56). Tb• pNNII.M or und1gene4 pNtein 111. tu r .... 

Id.pt haft eon:ir1 lN. te4 'lo the ldal!. Yal u.u tor metabol:l o f'eou 111 ft'Qg• 

NpOned 'b'J' the latter ~ groupe ot •taicera. Correo'iecl .. w.oolte 

tecel Jd. tNga Yaluea oh'Mlaed by ll*herJN u4 l:ehar oa t• bne4a et 

Iad1aa ea·Ule foci •ai tl'Og ... tr.e" (o.o.C •), ad ho 10 ... 111,zos;a 

ration.a (0.09 ead. 0.19,&) ...,. o.:,s. o.aa snd o•"'• t,ut ditt.-... u 

'betna th•• Yalue111 were not sii-;niticant. 

Ia a aomparf.son ot dU'terent :aetboda of' detat"llln1:ag the aetelllolio 

tecal a1 trogen Ce.bar and lfGkber Jee (19 ti) ut111 zed a regNasion 1u1tho4 

propesed yMr11 betore by Ti wa {192'1). Tl tua plot'ted tb.e feoel at tms• 

aaret1oa per 100 ga. ot dey matter intake ot ateera ~alnst th• protea 

eont•t ot tt1d r rat101H and rouad a linear relatioublp oYer t.r.e range 

ot 5 'ID 20 per oe• prot•.1in. The nttona "'era COlflPOaed or Yar:,il'lg pro

portion.a or fil.talt"a 8.lld pa.par pulp. 'fl t11.a d1d n.o, teal .fllet1:t1ed 1a 

utcdtng the ltae tma ! per oeat prottd.n to the interoept at zero 

per oent 1io obt..ain the ·true aetaboli o fecal ni tru;a:a. 

Bruahardt and Barn4*! (1941) 1a studio with lldoe oba•'M"e4 a 

aigJl.1N.eant. clitterenM betw._ the aet!ibollc t<:tOal n1 tro~ea obtained 

lay tMdlng a Jlitrog...,1'N• diet Wld 'Sy Nlgrctaa~ ae'tbod. It wcnal.4 

~pear tt,>a their Naul ta that ill the muae a n1 trogea-tre• 41•'1 4e. 

press•• the ni.tros• aeta'tlol1a 1io au.oh an extat t.hat th• setalaolio 

teoal Ditrog• ta rec:hu,ecl. SU.oh a depresa:ioa ta apparuily no, a 



c•ffll pi.t111011 01 

114 il'IIW»g 114 l tntll llt Mtll ftlllt 

ditttrtlhl \ttntl lht u,abllte tbtltall 'J flttilll 

11 tmce-taw a,,, .i '1 ,..,...., a11,a1. IJ.tfflat, a111• 

t4htll (194&) ll ii tllltd t1a4 

beintl 1'111118 obW114 ll I lo\Mt t111• fltiOI 

1111,,1 .. 

I1 -.. tollo1l1g NIUOI ot ID11 \111111 a ...... 

teoal 11 • lMtt attle ootalled 1 10-.pm,111 11Uo1 

1ll1 b1 ,k tolll4 ~ recr.utoa at11•• 
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I11 • at'\ept to a,..-u uallollo r..i lltQSa tteet 

ea.title, t--7~4 aa4e S.ntol!'d ••-- war. a 1.._,.,,eta 

nt!oa .! o. O,iC) ._,,poM« of praide IIQ'. 4•••• •• 

lllaerala. Tile &VeftlC• Wl:, tat•• a4 a!laloal ~dlioa flH 

nt:loa ••• 'by aaoh •••• the au.re 1~ •ll•tioa ,,_,,-........ 

111 h:W.• l· 1!ae • .,..~. .. .... 11' 

ta Table ateera MA ~ a4p,sl-4 ,lle hMIIDC 

:NS1Jlllll, ti\e7 were r-4 low,,.pnt.ela ntloa al~ :,l'l&S.-. 

laaey toll.owed by tour e:aoua1Y• 4.,,.4q aolleo'l!oa u•1riu12-

1utlabcU.a at:al.la, tt11m1un:• or 00Ueott1111 teoes 

.r~faaflt4 t..ta, tu• 

Pt"DOfit41lN.tJ MN ino H.1N aa 'lmN USN 

Pan I. 
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'?he lac or 1ntomaUoa oa \he valid! ty o.t a :ngre.aalaa aetm4 

ror the det.adnatioa ot tbs JN'khclic teoal altzog• ot •tU• has 

p~te4 tt.lrthv iaft•tigatton. Jbr the regreealoa met.bod ot tlet...,. 

Jd.aattoa to be ooaet4ere4 Tal.14 1 t alloul.4 Jiel.4 yaJ.uea whioa do not 

dltter stgnt.fteu'17 tl.'Ollt \noee obtai.o.-4 07 .t..Ung a low-pl!Qtflla 

ntion and oorreot~1 tor uruUgut.e4 f"•ed Di t.rogc. 'D, OOt!ip&N the 

Talue ot 0."'8 w1 th that obtained by regreaaion, 4a'la were OO&pilacl 

t:mm 41.getnio:n U'ial.s oon4u.oted ldth a'-eers ted 11ratrte nay ra\tons 

of inereeadng protein oonte'L In these trials tm,re 1:11u a toW 

or 8'1 aolleotto:n. periods tn'VOl'rin.g 8' grade Reretord nesn nnalac 

l"J.'OII 10 maue to 2 yean ot ~._ 'l'.11• OOIQOai t1oa ot t.ne ratlOaa 1a 

pneen.ted 1n Table 3. Th• nitl'Oge aetaboli• data are .,.. 1n 

'fable 4. 

!he Talu•a tor ni t10gen e:xore,tto.a per 100 ga. dry matter lntce 

~ plo\ted 9.1:'ainst the peroci\~• protei11 in the ra:tion. '!'he re,.. 

aw. ta are a.boa ia ftg. 1. 1'118 slope or the regreaaio». 'R.S tomu:I to 

be 0.0•2. 81.ao• t!u1 atMll protein ®nteat or all rations ivaa 8.40 

per o.ant rmd th• mun t.eal. ni tl'OgC e:u:reUoa 'i'•r 100 gs. ot dry 

aatter 1n:talt• was o.&6f p.. the r,:igreealoa equa'Uon ts T • o.s., • 

0.042,x. Statistical da:la are giY• in Table 5. 

I.a figure 1, the line l!JIX;ressing f'eoal ni trog-. axore'Uoa per 

100 tJ1A- dry aat'iff Intake 1m:teNepts the Y an• (0 per oea.t. p:roieln) 

at 0.31.4. At th!& point the standard error is o.o:,e.. At 8.<& per eel 

proteia. teoal J11 t1"0g• GON\1011. per 100 ga. dr, 1tattiN" 111'8ke 1 a o.us., 

wt th a st.1U1dard erl"Or ot o.ooe. lflras as x approaohea 'I. the aeaa ot t.he 

protei:a. 1Dtalte• lhe stl!Ulda.:.·d •rror o'f Y dMrtNutea lhl.icedly. 
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.Data tlOll li\llllbfil' pmteia t•'81 Ip• 
Point 11':lal or oontci 100 .. 41'J 
.Hb!r NE!" , geer1 at ,i1oa • ' ~'11£ .11\1\&! -· ...... I ~ - Matt.d I I •• ,. -.. p. 

l X aa4 X u S.40 o. 58) ,!. 0.00I o. 1541. .t o.oie 
I mt 12 G.S> 0.8&5,t. o.om o.s•:. 0.011 
3 n :u a.40 0.Al,10eOU o.-, • o.ooe 
• m,n and' 3' 9.l.3 o. '111.t o.oi, 0.tff'i' O.ool 
I ff, n 11 •• '15 o.M .t o.o• o.YMI o.ou •1 YII I U.S> 0.M.t 0.011 Olli Cl 0.01, 

' Lc-..protain 
ntion 23 .~ o.u, • 0.01, -

1. lltt 1no1.wte4 la roarea81oa ...i.1o1 a. 
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1b clnea1ae wbe"11.er \.ila T8luee ot Y o'b'tieiaed at U&'O and at 

2. 58 _per Nil t pzotetn in "hi a regreas1on cmal.:,ai n 41 tt er alpi tloea'1T 

troa G:>rreeponding Y 'Yaluse ob1a1.ued b7 toedtag the 10 ... .il.ro,inn nt:toa. 

\he VL'""ianoee wwe pocled l'1Jl4 &W>J .. ted to ataUa'Ucal. .malyal• !be 

pertinent da\a o~ th1 a anel;raia are g1 T• 1ll 'fable 6. At Hl'O per oct 

protcdll the cliffe1·&uoe ltnw .. ,~ aean ob-tain-4 b7 rasreaaton aDd eat 

ob"1ned by reeding the low-protein ratioll and OOt"raoUng tor undlgened. 

Di tro-ga was 0.4'8 - o.m.4 or.lM. 'l'ba pool-4 Ya.rianoe 'lfl'le 0.120 and 

'11• standard error wa.a o.026t h•a-. -.he di rrel"enoe bei.wee 'lh• JaealUI 

was tound to b• h1gtly si•J.D,it"ioant. I\ Jmst bit ooaaluded tha, the 

Yalu. to r 1iaetabollc read Di t:rosa obtainod by rcreseion t111.al.1s1-. 

0.31.", we• oignitloantl.y lower twm \he Tallie or 0.'"8 o'bWne4 1»7 

tHdi~ a 10111-protei:n r a tion and oorreoU~ ror 1:5 per eat lllldigene4 

teed Jl1 trog en 1a t.he taoea. Ai the 2.58 por oat lffal o~ p rotala 

u,.~ .. the c11rrerena.a batwaan the rneaaa was o.52f - o.e2 oz, o.09S. 

111-;h a standard e:rl'Or ot o.O!e. !Id.a d1.ttttrenoe betw~ lhe mean• 

.a& fo\llld to be .si1;niti.Ja.n't at the 5 _per om\ leY.:l. 

Ia d.ete:omi 1il.ng tJ1e aetabol 1 o r...i n1 tl!'03: ec by regreaaion anal.7ai •, 

the 116611 yer oent :;:r-.1tatn ot ~he ratton NBtaine eo llic1a t ,.et, UDl•e• 

1 t 1 • posai'ble to include Sff·eral. lOw-proie:tn ro.UoU8, at zero per oc\ 

ia"tak• the st.audard ~l"Or beoo~es Yery la1'8• In \ha, j,)r•••' OllP•l'l• 

act 1a wh1 oh tha :r.oan p.r H1a1; .Pl'OteiA ot "h• ration wea a.~. the 

e'landard •rmr ror 7iL~ta!x>l1c f'IMal Al tl'Ogea was twia. sa large &a 

th&t obtained by teddlns a lo .... pt,)'\.aill ration and oorra.it1ne tor -. 

cliaastad r&ed p.ro-tein. 
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Altb&NsJl there waa a atgm.ftoea'I titt_._ .. tte•••• tae •tuoU• 
f"NU. Id uos• ..iv.a cl)'k1Mcl .. ,. ....... IIID&l781a u4 '1Mai obtdaa4 

l'IJ' t"4lllc • low.pJDt«la raUGa ad ........_ fttl' ~ G•tai.'7 

aitqe. 111• 1-N1'1-. oa ,a. IMlal• ot aTd.laDJ.e tatoaauoa. • 

~ wld.• 'hlu. la «n.•1••'- 91ft YaJ.•• o1'taiae4 by Ule tol'Mr 

.. tt»a 1• 10 ... Iha.,., »ul,1she4 Y&I.UNJ M',tt ld»ul.4 Mao, .. 

'Qat '1le a..-. 11 per .. , ~ t"4 al tmg• ta ~ r .... 

of nMn ted. lo,..}ll"OMla rattoa aay M IAI& too a:811. 

Il ta qpanm.t ln the digeaUoa s'ludfes ot a.a. .. u4 BMII• 

(1943) with daiey b.eit'en t..'lat 'the tigutibllt'7 ot •l'l148 flber of 

*-' alftw 1• aamedl.1 re4ueed. la low-paoWa nU.•• 1119 etten 

ot tm.tic .... ftbw ls to 1aereaae th• b.UC ot ~ :teeN ad ~ 

lMNaM aeabollo teoal at troge. ~er, '1le Ndw>e4 41gN*I bU1 tr 

ot onde ftb-er bu the .rteot ot aatlac tlle pmw». 1a "11.e mupace 

lua rMdU7 a'l'allable tor <U.geatton and elu1ior~uoa. Suoh adtgNted 

Ju.•o'Mia a,p.i)eaN ta the r--. It 1 a qU1 te poNl.\\le that ibe u.adl&_... 

e4 protela ot the pl"81r1• bay ot the :preNDt aper.ia«lli atght ..-

the aollNffati•• lS _per oat ealtaa.._.. oa tae baala ot 'Ill• rspol't lt1 

M*herJee aad Jteb&r. It th• q11&U '7 or a.d1g•'84 teed pl'QWa 

CIDIIPl'iNd u alMlh u 30 P• eat ot ta• tow tMal at t10s• nON-

ttoa on the low-proteta raUon, Iha eorncn111g tor thia (l'QIUlt1 t,-

would y.1.4'1.d a 1uJta.bollo teetll n1 t?Ogm Yalu whieh 111 :act stpttt. 

ou'1.y 41.tteNllt tl'Oa that obtaiue4 lty ngNaa.loa u.alyata. It wul.4 

a,ppNl!' adTtabl.e, llo.eYU, • «.'er a.tnoa &8 90 \he 1Ut\h04 of ....... 

111.ntng "l• utaboli c r.-1 111 tl'Oi~~- until a4d1 toloaal i:ntomaUoa 1 e a'ftll

able oa tbAt ~ 4igesUb1lt 1.7 ot protdll. ot low-pl'Oteia hlgt.-rol.1.iJbae• 

ration• 



100 aa. or 

--.ts ot pmWa (1.51 to u.S> P• oct) •• 

ze,v ad a.se per ••t pm,eta 1!iilldaa were 



Aau~, D. Q. .a4 a toh.U. 1915. P1'0'8ia au.td uoa Illa 
11Ulla'1oa ot a~ 1a di. lsvala ot la~• 1tr 
.-._ ••• lour. Alli. a.t. 1••• 

• ..._, L Md 1/1. t.twdl. ltfa. Ille taetcu.•tatlali d tbe parata 
NQUU"aaila ot nataaataa Gel~ p•t.ta -.1•• of rN4&, wltlf. 
pantalar Nt_...• to ta ._aomoe or 'INI· Ntal,o11o r....:a. 
ldftaagc. ~ Aat. -· ... 

ID..tlaNi. D. ad "a..._ 194&i. a. dnemtaaUoa ~ aa"'1xtl1• 
t...i at UDS• u.d pmtna U.-Ublll \J. lew.o. .-. 11..:.lL 

a.m.-. L. lL Ill '6u.U. ltCL. !Ila valu ct _.. 1a 1M 
.,_lhN!a ot prot,eta 1n 'Ill• »-• ot 'ti.be ~-. ~,?a 
•111:laaaoe. l\'twr. Jlut•• lal.611. 

Bne.bialDa, 1. m4 s. )t.lrr-ie. l.93&. 4lgeet:u,u1 ot 4l•'lu7 
pateta ia '11.e l'lalllUlm"• L ~eaoua k'og• -...UGD 
• a low a1..._ cltn. B&o.--. IOU. Sdl& 

Jtuar, &. n. IIBMrjN. liG. 111141• oa 1n1otieta ae•a-Ua. 
n. Iatlu-..e or Cert&ta 7aetora o». 1:h• aetaboll• teeal attms• 
ot oetU• rat.a. Iadia 1011r. Y•"t. Bo1. Aat. Bil.a. 11, 
Parl ll.JU&. 

ml•, 1. I. '6. 
amll1D8 lab• 
tiaotiiy .,, sar1•. 

g:.n. 199. aei.attft ett1G1cq f'o• 
la raUGae altal.ta 

ooabtaatlo:w1 two ha:J• a-. 

ll>fflfll<t u.4 0., l)S5. 'f!». au.td.UY• 
tor 11u:dntaum.ce. J:ou• lle1!!7 ilea. 11.ZES. 

lfM. it. tor del,ead.n:lng 
Jbl.l.l"'. Btol. Cha., 5arl&t 

llttioo.U, 1986. 7b.e 4etend.aatioa ot t.11• n(!Glre•ta 
or ala.ala the tel.a Ysl.v.u tas teada •d. fttioaa. 
.,.1. ll•• Cl>•Oil B\111. 

Jli t:eh.U, -,.. Ben. 195'. ~ 4ete1,d.1u,t::loa ot astaho.11• 
tMal at tl.'ogc. .Jou.I:". Bv.:w. 111483. 

a lu.U. C. 0. ~. 192'1. BlelosJ. oGJ. tor nt-. 
'-• am.a or ~im'ltd.a or *•'- »o*- 10U"tt 
B&.ol. Oha. atllL 
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M*MrJN. a4 • »_ E••• 1141. ftdu oa •t.llDlJa. 

1IL All 1ap....a t,..iQU uU:aaUag lllo ~l• teaal ad,-..- ot atG.• a4 ate. Iadla ~. ot l'•t. .._ -·a.a. •. Plll'l:U:dl. 

Ost 1181'81'• Jl. • ll&e. .. ..._._*Ip of' ••*•llolle Id ti.De• 
of' ~ ,..._ • l'lo4y ala4 to in~• 

----- a'CNl\i, .. ..,. 

a..i-. 1. 11s. ao1og1-». w..i.-. -4 ...,I.I. .. ~ .._ ... of 
c. 1iatau la .u.ua .a la •• MA ..rl.GWM' allee• 
lat&• ............ 

1Ma110S. B., ,. Belaoa a.rt. 1'15. AGtdea1e 1a 
omtvora au ~vom m4 118 l"l!l.aUoa to pl1:>\et.a ato:rage. 
•• .lg;r. .... st. .... aAl ... 

SMmlOII., .&. & A. ~ 196 --UY• 'ftllh ot Korea& 
1~ Jl'trletu ~ ._,.m1aat1oa or MoJ.ocieal ,wal,uea 
et JiH.'O\al.u tor smwl.nc 48117 •• 1'.liP'-
au. a.u. ... 

n11aa. B. 1118,. IJ!le altlQg• Jlft&Nl.1• ot dMn D11 ralloaa 
aaaw111aa eJ.tll.lta u tu •• -.m.ra. or ~c-. au.r. -.:w.-. 

Tla'tt1 L I., •• B. Jb:e::ti ~- -4 J.. "' lfa3•rc. 
"'hlue of' tile :pmWu or 
.:a.a.a la ~natlo:a 
...... 4elllll. 



o ... , •• --~ 
~4ate Iba -- ct 

8"11DJI" O'f PJ:dl.O•.Pbr 

a:.,l'llt !be -.1 na la ._, 1b* at '7• OatDIMr I. 1911. 
a,a ot Oelp' .&. a4 ~ D. a&ar-. 

~'• Ha at'tal484 
58l:!OOJ..a ot !kltls• Q',n1nty, S.. 1-..7. 
he t!1e 
~ Of Oi!HWilLOl' 

Lf4\i1J.Wi!l;.l' 6 iJl ~.. .ll.:fl',.-

In Sa;rtabe1 l.9$71 
IFU'ilL"""'"' .... "11,.... __ Ba ~ h4 ·-~ 

aat-... la Blecbadnr., la 1940. Ja:a Sl!IIP'•'-', 1965 • 
l9SJ1 he at.'lmdad. Yolk llft1~'7, Gftl.4U&M ~, on a 
part-U.e .._._ oblatataa ~ 1a laiolou. 
Ia 1953, he et.-.4 J. Ool.1189 PV•UI.J:11£ 
w* 10am acne of n,ct:or 
the 1n •'1'• 

Jbpm_.. fh• m ter waa 1,y ~ i.:IVIDt~Lng 

ot 111114, •. 1. 1 u a um 1a n~h, 
rr»r:. :tebw.1.7, 1940, to a,ru. 1a.Q. :,-.. 1:1a 11o 1s-, ae 
•• ~oyed u a la tm18 5-al' J'..a'aa. 
mnaoa or 'the ••n~ lblueea ~-. a. 
J'lUl 1948 1iC ha•• la D!ll\l• 1do11hedeal ad 
llaoter.tologioal ot 
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0.18• M.k• ~>arlllll 

DI'. D. Ge.Ute 

!Jut e1ntct Iba l>ec ill18*.:t .- the •t11or 
&491-. 'DI.a Gadua\e BclboOl OfflM a.-. IIO ~ 
el'l'Oft Iii-. la or S>ntict. ~ an INIDI 

o."1.0.UJ;r:r Jut u RN awpm?ed bJ' ,._"' 
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