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AI]STRACT

Two 4 x 4 Latin Square f)esigns using two methods

of feeding, eontinìtous (Rart A) or trvice ¿ì clay (fart B)

l{ere condrrcted with eight clairy steers. ÏIithin each

square forrr 1eve1s of lysine (o, 3, 6 or 9 grams) were

infu sed c.laiJ-Y "

Nj-'ürogen retention rvas signi f ieernt l-y ( f( O, O5 )

lorver for steers infused rvíth p grans lysine ctaily in Part

A" IJrinary excretion of nitrogen (pe:'cent of intake

nitrogen) rvas higlier (p(o" 05 ) and plasrna f ree lysin-e \{as

elevate<1 (p(o. o5) . A signif ícantly higher (p(o" o¡) rlrmen

ammonia -1- evel, a sli¡¡ht1y higher organic rnatter

digestibilitS' in the rumen (mainly as non nitrogenous

clietary cornponents) and a rerlucecl rumen outirut of nitrogen

t,o thc atromasrrrn (ot a percent of intal<e nitrogen) were

otrserved at 3 gr¿ìI:ls lysine inftrsion per: t-ray" The possibJ-e

j-n"terrelertionships at the 3 and 9 gram lysine infuslons

t-ere disclrssecl .

Nitrogen r:etention (put".t',t of ¿rbsorbed nitrogen

retainecl) ruas not significantll' differ:ent in Part B"

llowever, a si-gnificant (p(o, o¡) increase in fereal nitrogen

( pcrcer'tt of intake ni trogen ) ivas f'ouncl concomltant wi th

plasma amlno acids arginineu methionine, leucineo

phenylal-anine and tyrosíne ( plasrna amino aeicls r.¡ere

significarnt P O.15) peaking at 6 ¿3rams lysine infusion per



day, Àmino acicl interactions

smaJ. I intestine or rnetabol,ism

indi cated,

absorption sites in t}.e

es in bocìy tissue were

at

sit

For both Parts ¡\" and B" abcmasa]- arrino ¿rcids as

a molar perccÌlt of total aurino acids r{ere sirnilar except

f or lysine rshich rr,as signii' j-cantly higher (p(O, 05 ) at the

higher leveJ-s of lysine i,nfusion in Part A" Total

essential arrino ¿rcicls as ¿¡. mo1¡rr per:cent of total amíno

acids present o increase<l fro¡n di.et (lZ .ziL\, to abomasum

(averaging 44iå) , tct plasrna (SoiL in Part A., 55"/" in Part Il. )

over al-1- treatment combination,s. Abomasal !-ysine 1eve1s

¡ì'ere two to three times dietary lysine 1eve1s,

Dlfferences in runen fer-mentation r.tere observecl

rvhen comparin¿¡ the feedin¿ç schedules in Part A. r"ith Part

R, The cffect of feeding on rumen fermentation, ancl

microbial population variation corlld have affectecl

subsequent a.rnj-no acids avail.al¡1e for atrsor¡:tion ín the

smalJ., intestine. Conse<1uently the animals r'¡oulcl have hacl

different responses to lysine infusion rr'ithin squares as

has been shorr,n to have occurred.
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TNiIRODUCTION

The ruminant animal

micrcflora and rn:-crofauna in

muctr of tlr.e protcin available

microhial origin and rlietarY

are mo1'e dif f i cul t to def ine "

contains a. population of

the r-Llmen. Consequently

to ttre rurninant is of

rleficiences of anino acicls

In specifyíng the amino acicl requircment of a

ruminant, the <iietary ¿¡.nino acicl corrte¡rt is of litt1e help

in deterrnining a cleficiency in body tissue. å higlt l-evel

of dietary proteir: con.¡ersion (range 25-90"þ) t<¡ microbial

protein (McÐonalo an<l Hall , L957; Ely et 4", l-966) has

been shorvn. to occur. The cleficiency therefore must be

relatecl to the bacterial and protozoal pr:otein.ottl¡iÌ:t.rtlon

to the clietar;,r protein in the -lorver gzrstroirrtestinal. tract.

The -levels of amino acids in the abomasum and their

ar¡ai1ab11ity, release fron proteins by neans of proteolytic

erLzyme degractationn have been studied in orcler to resolve

an arnino acid cleficíency in the rumen digesta.

Dietary supplernentation of rumen digesta r¡ith

amino acids cou'lcl } ave heen un<Iertaken if the protein or

anrino acid lrtas ¡:rotecteC from cÌegradation in the rlrmen.

Chemical. treatment of proteins (formaldehyCe or tannin)

anc.l eoating proteins or a¡;rino acids with a rumen non

digestih¡-l-e corltpoun(i are tr"¡o ways to prevent or slorv cìor¡n

the rnicrobj-al action on the c(-ailino nitrogen source,

Experimentallyu abomasa.l can¡rulation has al1owed the



2

i:rfrrsior:. cf amino acicls p()r aborrasr.rm (Sctretlin¿1 arrcl

ÍIatfíe1rl, f968; Nirnricli -ell aL" o 1-97Oa, b; r-ìeis ancl

SclrinkeJ- u f963, L96k ) " Ì)ure proteins ( casei,n rnainly)
.llrere infuserl as rvel-l- as arnino ¿¿cicls singly or in

combinaiion" 'lhe sulphrrr aloitto aeicls, metltionine and

cysteiner ês rse-1 1 ¿ìs lysine 1-.awe ìreen investigated quite

extensively" Ì'Íethionine r{as indicatecl fj-rst l-i¡'ritin¿;,

ancl lysir:.e second limiting in rurren digesta (nr croJllo::a

dominated ) frorn a ulrea <ìiet f e<l to slteep (Ninrick et al-. ,

197Ob) " ,i corlì lrased clíet lras bee¡r sltor.;n to be lirniting

in. lysine for rnonogastric anilnals. Infrrsion ol' lysine

per alronasrrnl has increased rlitrogen reierrtion in steers

(Dewl-in and 1',¡oocìs, $6lt) "

The present er(perirr(:nt rvas des:'-gnecl to study the

effect of 1)rsine infusj-on- per ¿rl-¡om¿tsum in stecrs on

nitrogen'ba.Lance a:tcÌ c¡ther ni'ürogen j)ararìleters such as

blood Llrea nitr<lgene rulnen ¿rr:lmon,ía, the nj-tro¡;en 1ewels in

the abornasurn, p-l-arsrrra anino acicls, ;;1us Cigestibilities of

rlietary cornJronents other tltan nitrogen in the rr¡ncn, uncl er

feedin¡,¡ re¡;itne s of contj-nuo11s or trt'icc ¿Ì da1' t1 trt'e1we

hour intcrval s " The trn'o feeding nrethocls rvere rrsecl to

deterlníne if continr.rous feecling r*ou1 cl result in less

tota-'l- wariation in f¡¡ctors suclÌ as r-ritrogen b¿r1ance,

plasrna a¡nino ¿rci<ìs ¿rnd rr'rnen fernent¡rtion char:acfieristics

tha:r trçice a cla¡,'feer-ìing"



LITDTIAîUIIE IIEVIDIf

Nitrogen netabolism in the rumen

Domestie r:ur.ninating a:limal s, cattle and sheep,

have rnaintained an enwironrnent rvithin their ciigestive

tracts in rr¡hich a populati-on. of mierof lora a¡rcl microfauna

has been establislted. The rumen r¡icrot¡ial populatj-on

metabolizecl the animal' s cl.ietary cornJ>onents, protein.s,

fats an(l. carbohyrlrates and the resulting pro<lucts passerJ to

the 1or.,'er gastrointestinal tract in proportions ruhich

differ from the origina.l Cleta::y int¿rke" Certain

ferrnentation ¡-:r:oducts such as ammonia and volatile fatty

acids are absorbed across the rurr¡en epithelirrm" The

microbial population i s s1-recifìicall.y ef f ective in clranging

amino acld 1evel.s anC ;rropo::tions in the cligesta lear¡in€:

the rumen relative to the diet" The microk.ria]' trreakclo¡*¡n

of fiber componcnts, cel-lu1ose, hernice1.lulosc and to some

ertent lignin, is preselrtecJ i-n a more readily available

form of earbohyctrate to the host animal ,

The rurni¡rant animal is ¿rble to utillze or"ganic

nitrogen sources such as tnre protein and n<¡n protein

sources srrch as urea and nitr¡¡tes. In each case the

nitrogen corrponents are ewentuall¡r cl egraded to the -1 evel

of ammonia (Ilcllonalcl, l-952) anO used j-n the synthesís of

microbial protein (i'lcDonerlcl, 1-954; DJ-y, Little, ldoolfolk

ancl MitcheJ.l , I967) . With ref erence to 1>roteins o

proteolytic activity of the nicrobial poprrlation yielcls



the constitr-rent ¿rrliino acicis and the ar,rino acicls are

inmediately cleatninated to yield atnmonia ¿rnd the

corresporrcìing carbon chain (Ler.'is, :-955). Very little

free amj-no nitrogerr (Lewis, a955) ot arnino acicls as such

(Leitrholz, 1965) are found in the rumen liciuor.

Theref ore o the nto s t avail ab1 e sollrce of n.i tro gen in the

runren is amr¡onia, lvltile the rem¿rincler of the nitrogen

cornponent rvould be protein nitrogen from dietary or

¡ni croÌ¡íaI source s.

Bryan-t a¡rcl llobinson (tg6Z) cultured 89 freshly

isolated strains of bacteria for their ability to grot' on

certain nitrogen sources. 'Îhe data inclícated ll|å grew

poorly or not at ail on the <1ef ined mecliu¡n plus casein

hydrolysate , 6'jo rertruired casein hyctrolvsate, J6'iio gre'+r

either on atnnonirr¡n or casein hyrJrolysate arlcl 2Jjo grew on

a¡nnronirun but not casein Ìryclrol-vsate, Apitroximately 81iå

of the strains of rumen b¿rctcría strrdied rr¡ere able to

utilize amrronia as the anl¡noniurn ion for the s)¡nthesis of

protein. The tracterj-al po¡rulation hacl acìaptect itself to

the type of nítroger-l sorrr.ce awailable"

Proteolytic acti-vity in the rurnerr (1-l1acl;brrrn ancl

lfoÌrson, L96Oa) ha.s Ìreen associatecl rvith the rnicrobial

populationr sllecifically protozoa and large bacteria t¡ith

l.ess activity ln sma11 bacterj-a ancl ver:l¡ little in the

supernat¿rrrt. The encl products of ....trt cìegraCation

(Rnou ¡llçiçada ancì R1acliburn, 1963) ruere rnainly arnino acids

a¡rd polypepticle s , but no dipepticie s . The ina j ori ty of the



proteolysi-s was by r.'ay of endopeptidase activity, rr¡hich

r{as total-l-y in agreemerrt r+ith tìlackbur;r and llobson (f 96Oa).

.A,rnmonia was preferentía1 1y used for the synthesis of

protein by bacterj-a as has been shown (Bryant and

lìobinson, Lg62), althou¿lh accor<ling to t'right (tgeZJ,

peptide nitrogen appearecl to be more effj-cierrtJ-y utilized

by certain bacteria than free a¡nino acids" Pepticles rnay

provide a source of amino acicis essenti¿rl for grorr'th cf

bactería. Tltesc anino acids, âs free ataíno aeicls in rumen

flrricì, may otherrvise be rnore readily conwertecl to ¿irnr.¡onia

by other rumen ¡nícrc¡bes.

Protozoa-r âs examplified by cil-i¿¡.te.s (Colemano

L963), hawe not been slrown to utiT.ize food protein

cl.1rect1y. Their nitro¿3en requir:ement cou-ld most 1iJ<ely

lrave l¡een met by the intak-e of bacteria ancl tlre uti-l ization.

of this pref crmed protein (aUou Al<lcada " L965\ . 'lhe

trreakclorr'n products of prctein digestic'n hy EntoC.inium

were amino aciCs and peptides (nt'ou Àì<.kaCa and llo'i.,arcl ,

1962) ruith only l0/o of the degrerdation ¡rroclucts having t¡een

ammonia,

Ammc¡nia cliffrtsecì reaclil-y across the rrrmen r.r¡â1 1

at pll 6"5" Ilumen pl{ of 7,O rvas considered normal;

however devi:rtions to less than pTI J.O rvere coml'ron, Thc

cor'¡centratj-on gradient at higir levels of a¡nmonia

prociuction in the rumen was from runen to plasrna aceording

to the }lenderson-IlasselÌralch equati-on (tlogan, I96LJ 
"

As pll r.'as lorrereclu the arûrrlonia dJ-ffusion reverserì anrl
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moved freel-;r fr<ltn plasna tc rumen contents. The low pFI

values (pH 4"5) at rvhiclt tlris occurs \{ere not norraal-ly

encorrntereql i¡ the rurren.. Levels of ¿¡rnmonia in the rumen

cf O-IJO mg per lOO ml- of rumen fluid (Ilungate, L966)

al-1owed for: diffusion. in either directíon at rrsual pH va1ues"

Urea as a nonprotein nitrogen soì¡ree (Chalullao

!968) r"i-lJ- be rlegrade<l easily by urease to alr,monia and

carbon clioxl-de ín the rl-imetl , Limitecl use 'h¿rs Ïreen macle

of urea in diets as a higli le'¡e1 of ammonia lrroclrrction

eould resrrlt 1n a toxíc eff'ect (l4orris an.cl Pay¡s ' L969\.

Other than the toxicity factor', urea as a ctietary sour:ce

of nitrogen has proved to l-¡e \.rery trseftrl in reclucing tlre

l-evels of true pr<;tein f cd to rlrminants,

IJrea recycling wia s¿rliva ancl transport across

the rllmen epithelium into the rurnen are impoltant soul'ces

of nitrogen to the rurninant. Studies cc¡nr,\rcted by

Somers (tgø1. a., b, e' d) in slieep, and Bailey ancl Ralch

(tgøt ae b) in cattJe, have reportecl on the salivary

contribution to the nitrogen ¡tocJ in the runen' Ilrea

provideC 61-7oi,io of the tota-1- sal-i'rary nitro¿;en in sheep

and appr:oximately 75-SO\L tn cattle. Total sal-ivary

nitrogen was correlatecl with nítrogen intake (.-O "9940),

ancl bl-oocl rrrea nJ-trogen (r=o. 9625) ( Somers, 1961b) "

Salivary nitrcgen ler¡e1s wei'e maintained at approxlmately

65i'' of plasma level-s of 4-L9 mg" urea nitrogen per 1Lr0 mI

of plasma (ttaile1' anrl Balch, 1961-b). The limit to

salivary transport h'as about 3A mg, total, nitrogen per
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1OO rnl- or 25 rrg rrrea nitrogen per 1OO ml of saliva (Somers,

1961d).

P].asma Lrrea tr'as also trarrsporteci across the

rurninal epithelíum to the rÌlrlen" Iùarly r*ork (ttorrpt and

IIoupt, l-964), using r,r¡asheci antibiotic treatecl r.unreïI pouch

stuclies in th.e gciat r incJi catecl bhat urea clif'frrsecl f reeJ.y

across the rurnen rsall clue t<¡ the concentrati-on gradient,

rt'irether it be from rt-lt¡ren to plasrna or vice versao

Subsequent lvork (ttorrpt ancl lloupt, 1968)n using essentially

non washed a¡rd non treatecl rrrmen porrches, aJ.lorved the

postuJ-ation of a urea trarrs¡lor:t system j-nvoJ.ving bacterial

rll'ease. Bacter:i-al urease h.as beerr found in rumen

epj-tlrelium, arrd has been proved to be of bacterial- clr:igirr

(Rahnran ancl l)ecker, t966\ " Urea rJ1ffusecì from pJ-arsma to

rumen fro¡n a high to a 1or,¡ corrce¡rtration gradien.t" Thj-s

urea was reactecl upon by bactcriai urease and metabolj-zed

to carbon cl-ioxide and ara¡nonia. ¡\mnonia, lraving a ¿¡reater

diffusabiJ-ity ¿rncl l¡eing nore lipid solubJ-e than urea,

difftrsed at a. greater rate into the rumen flrrid a¡rci lr'as

lutir-izeci by the rlrmen mocrobial population. Ilore recently,

Thorlacius, Dobson and Sel-1ers (tgZt) stiraulate<l both urea

and ammonia transport across the rumen epithelium by the

use of a IOO()/o carbon clíoxide at¡nosphere in either isolated

caudoclorsal or ve¡rtral sacs of the runen" The above

¡nechanisms of rrrea trarisport have been stuclíed under

artificial situations. In aníma1s on norrna1 diets,

varying plasma urea b¡r infusion of r-rrea intravenously, the
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linlits of trrea transport r',¡ere esta-blislred to l-¡e 16-18 llrg.

blood urea nitrogerr per 1OO m1 plasrna in cattle (Ver"oe,

L969) and 1O-l-2 rag. blooii u1'ea nitrogen per 1OO ml pJ-asma

in slreep (tleston and llogan, f967) " 'fhe type of urea

translrort rnecharrism actual-ly functioníng has not been

defined" A true transport of urea ¿l.cross the ruminal

epitirelirr¡r¡ into the rumen has been clearly incìicated in

the nost recent resu.lts (ttoupt and I{oupt. 7968; ThorJ-acius

et al . , a977) " Ii'ailure has been to coorclinate results

from a1l- experirnental- eviitence to provicle for a" f irm

conc lusion"

The transport of rlre¿ì acrorìs the ru¡:rinal

epithelium co¡rtributes t<¡ nitrogen conservatj-on ruithin the

anirnal . A¡i¡¡nonia proclucecl in the nlnler.ì, zrÌ:sor'bed into the

blood strean ancl co.nwerted to urea irr the 1iver, provicìed

a source of Llrea in the bocly. Runerr clerj-ved Llrea,as r.¡e11

as urea from ¡netabol-ism of nj.trogen conrponents such as

alnino acj-ds a¡rd plasuta protej-ns2 hras recyclecì to the rumen

for use by the rumen microbial population. IìecycJ-ing was

very critical in an anj-rn¿rl on a. l-orv nitrogen cliet¡ âs the

recycled nitrogen mainterined a rnininral 1eve1 <¡f rrrmen

fer¡nentation to support the host animal through the lnicro-

bial protein contribution in the abom¿rsum.

The rnost inportant f¿rctor of nitrogerr metabolism

in tl.ie rurllen was the util izati-on of Ì-.¿rsic nitrogen sources

by the microbi¿r1 populatiorr for the syrrthesis <¡f nicro'oia1

proteín. This micr:obial synthesized proteinr âs rn¡el1 ¿ìs
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urì.fernrented protein of di-etary origin, irr- tota1 constituted

the protein fraction r:eaclling the lorver gastrointestinal

tract. lJrea r:ecycling via saliv¿¡ or the rumen epithelium

at, times contribute<l to the nitrogen ¡;oo1 in the rurnen to

such an extent as to yield total- nitrogen per clay greater

than the ní'r,ro6en int.f.u ( Ctarte, Elii-nger: and Phillipson,

l-g66) " The ¡rext factors to be considered rvif l- be the

¡rroportic'n of the niicrol¡ial ¡rrotein reaciring the intestines,

the quality of this protein as iler rat feeclin6 trial-s ancl

varíous arnino acid <tefJ.cierrcies that orle could 1:ossibJ.y

encounter.

Initial rvorl< on the conversion c¡f dietary p::oteins

to ¡nj-cr:obial irroteins rvas clone using purc lrroteins
( I{cllonalcl o 79 54; l.fcDonalcl ancl I{a11 , 19 57 ) . }lcDonal.d and

l{all (ryfZ), feeciing casein as BTii of the nitrogcn of a

¡rurifiecl cliet to sheep¡ reco.¡ered )Olo as microbial protein.

Strrclies with sheep f ed ze:.-n exhibited a lorver conwersion of

zein proteín to rnicrobial protein. This r.rras related to

the insolubility of zel-n in r,'¡ater ancl its J-orv J-evel- of

lysine. IfcDonald (:-'gS4) rucoverecl )to'iL ot zein as

nricrobial protein, rvkrile Dly g¡[ aI. (ryeZ) demonstr:ated zein

protein conversion to be 26 "J\i otr a hi¿1h ce1l rrl-ose (4g.S"p)

diet ancl 30.5"þ or1 a hi6Ìr starch (A;¿.2',") diet. Sta¡:ch

providecl a nrore readily avail-al>1e source of carbohyclrate

for the ¡nicrobial populatiorr to utilize in aicling the

conversion of zei-tt protein to ¡nicrolrial ¡irotein.
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ìtrel1er, Gray ancl Pilgrim (f g¡g), using lignin as a marker

for dietary nitrogen of rvheaterr hay anct diamínopimeJ-ic

acid as a nlarker for bacterial nitrogen, anal-yzed the

contribution in the abomasum of sheep to tre 61-8 zilo of

ni tr:ogen as rni crobial ni trogen, 11 -2'/jL as pl eint ni trogen

and J-l-O!á as solub.le nitrogen. Llsing the presence of

clianinopime1ie acícl in bacteria and its absence in

protozoa, bacterj-al nitrogen contribr.rtecl 4O-5O9å of the

total nitrogen " Ih:tton, llailey and Anni son (f gZI ) were

in agree¡nent u'ith the JOþ contribution of bacteria-l

nitrogen in the abomasum" fn cornparing the contribrrtion

of mierobial protein to totaL protein in the abomasuran one

must take into account several flactors that may have

affected the results. The insolubility of zein did not

make tlre protein r:ea<liIy awailabLe for clcgradation, nor

díd ?^ cleficiency of lysine all-or" for adeqrrate r.ricrobial

grolr:th, unless the :lrnino acid ryas synthesize<i by the

microorganisms themselve s " Caseinr orl the ottrcr hand,

was high1-y v¡ater soluble ancl contained an aclequate supply

of ar,rino acids. Ì+¡eller gg 4" (:-p¡g) rn'ortced rtittr a cliet

that ruore closely cluplicated a natural diet. Resul-ts

rr'êr€ forrncl to be intermediate betr,¡een \O'þ anA 9O,¡L.

Difficulties in separation teclrniclues, a variable bacterial-

content of cliaminopimelic acid (Synge , Lg53) as b'e-11 as

the fact that lJ"gnin rt'as rtigested to some extent (I'orter

and Singleton, I97I) cou-l-rl either have unclerestimatecl or
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ove re s t imat ed the re srrl t s . The col..version of dietary

prctein to micr:obial protein va.ríed relative to

solubilíty, a¡¡iino acicl content, and general ;¡.vai1abi1ity

of carbohydrate as an energy source" Certaj_n clictary

proteins were converted tr> mj-crot:ia.1 protej-n t<t an

extensive degree and subsequently the effect of the rumerl

was tnore pr:onounced relative to the influence of the

clietary protein,

Further stuCies on the nicrotrlal contributlon to

total- protein leaving the rumen of sheep were r.ecently

published using granrs rrf pr:otein synthesizeci per 1OC ¿çr;rms

of organic r¡atter (Oll) digc stecl as the sta¡r<lard, f or

con-version. Factors studiecl r\'ere the levcJ of nit:-ogen

intake (tlumeu Moir: and Somers, L97Oa), the response to

energy sources sr¡ch as vol,atl1e fatty acids (Hume, l97Ob ) ,

tlre effect of dietary protein (Hume, I97Oc) an<ì the

influence of sulphur (Ilrrme and tsird, -197Od). Hume et al.
(f97Oa)obtained a factor of 9"L gm. protein 1:er IOO gm, Ol'Í

digestcd r.¡hen nitrogen rvas most limiting at 2 gra¡rs per

day ancl I3"3 gm. per 1OO gm" Ol'{ digested r+tren nitro¿;en wae

1n excess at 16 grams per day. An aclequate intake level

of nitrogen vlas cited as approximateJ-y 9 gFt. per day, the

level at rvhich naximum conversion of dietary protein to

microbial proteln occurrecl . itf;r.j <lr factors involwed were

the recyeling zrnd reuse of urea nitr"ogen as amrnonia. try the

microorganisms on the nitrogen limiting diet and the rumen

nitrogen loss as amrnonia on t}.e high nitrogen diet"
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Solr¡ble carbohydrate energy sources yielcted a high 1evel of

short chain fatty acicls in the rumen, 'llhe microbial

popirlation has been shorr'n to reqrrire a source of long

chain ancÌ branched chaj.n fatty acicls fo:: the synthesis of

amino acids. ilume (f gZO¡ ) i¡creased tlie yield f rorn L2 " 5

to L3.4 grn. of microbial protein per 1OO gm' OÞl cligested

r^'her1 feeding an adclj.tional o,uantity of isohtittyric'

Z-nethylbutyric, isovaleric ancl valeric acicls. Long

chain, rather tþan short chain f atty acicts, stil¡rulatecl

nricrobial grorvt¡. Ifrrme ( f 97oc ) c orroborated previous

rlata on microbial protein synthesis (IícnonalA ancl lla11,

7957; Efy .t 3!. , 1967) ir-, ::elation to the rvate::

solubílity of ¡:rotein in the rulaen ancl the availabiJ.ity of

ttre clietary itrotein to nicrobial deg:radation" Preforr¡¡ed.

proteins lnay have been iln¡rortartt as a- srrp¡lly of pepticles

(tr'rigtrt , L967 ) ot unclegraded a¡:tino acicls. Sulphrrr ¿ìs

sulptrate (eray and l{ernsley, 1969) and as sulphur

containing arnino acicls cysteine ancl methíonine (Uume and

Bird , 197Od ) increasecì the -t-eve1 of rnicrobiatr protein

yield j-n the ru.tnen. The rit:-croorg¿rnísms coulcl have been

groruing in a lred,ium deficient in sulphur containing ar:1ino

acicls. Urea containing purifie<ì diets have been sltoru'n to

}:e f irst 1i¡niti¡g in ¡:rethionine (Nimrictc, llatf ie1d,

l(arrinski anrl O¡vens, L97Ob) "

The protein cornpositiicn of the rtlme¡ì digesta

under variolrs clietary conclitions has been stuclied in

relation to the ¿Lvailability of ¿r¡nino acids in the
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srlbfractions of dietary, bacterial and ¡rrotozoal- protein

sources, Several ¡vorkers (I4cNau¡,;ht, Ol¿en, l{enry, and

I(on, f954; Bergen, Purser and Cline, 1')68a) frave isolatecl

mixeC. pre:¡>arations of Lracteria and protozoa and

determined the amin<¡ acid content, as rvell as having

establishecl deficiences in bacteria and pr<.rtozoa relative

to f eeding the 1>reparatj-on to rats" I'fcNaught e-t al"

(t95t+) ¿otermined true digestibility (tn), biological

val.ue (nV) ¿lncl Net Protein Utilízation (Ui'U) UV feecling

isolated bacterial an<J protozoal protein to rats. For

bacteria TD, B'V and NPU were 74, 81 and 60 respectively,

rllrile fo:'¡rrotozoa TD, i3V anrJ NPU were 90, BO and 73

respecti-vely. This rr'or1-- has since been sul¡star:.tíatecl by

IJergen et a1" (f 968a)" Bacte::ia ancl protozoa contai-ned

diff erent l-eveJ- s of crtrde ¡;rotein calculated at

apJrroximately JJjL anct 50'þ respectirrely (Bergen et al,,

$6Ba). 'lfhetl-rer it l./as a difference in nitrogen content

or a clifference in amino ¿rcicl proportio¡rs, the effect orì.

digestibilj-ty differences coulcl not be explaine<l. Arnino

acids have been cier!ìonstratecJ to interact rvíth respect to

avail-abilit¡r anri competition at absorption sites. A

factor that must'be taken into account was the arnino acid

composition of Ì¡acterial ce11 rn'a11s ancl the availabiJ ity

of these cell rval1 alnino acids (Uoogenraacl ancl Ilird,

1- 97O) " Biological rralues of bacterj-a and protozoa l{ere

sirnilar, e¿ìclì averaging about BO" Tt woulcl be

interesting to deterrline if the biolo{ÌicerI value of a
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lracteria orî protozoa. Lirniting ariino acids in bacterial

ancl protoz.oal protein for gror,rin,,; r¿rts rvj-l1 Ìre cl iscussed

el servlrer:e,

¡\t ¿rborrt the sarre tirne as gross ni-trogen

pararr¡eters of the rnicrol'lial pro'r,eitr conl,ri'l:trtj-on tO the

host were be:i-ng sttrdied, the essential ami-no acids for

ruurinant tissr-le iracl been est¿rbJ-ishecì (niact< li-l-c-:iberu Sniith

ar-¡.d Sterr'art , L957 ; I-)orr¡nes r 1961) " Acco::cling- to pl:esent

l<nor*'] edge the esse¡rti.al aniino ¿rcícls for the n¡minant, at

th.e tissue 1eve1, 1{e:ie -líste<1 as isoleucine, lerrcine,

l ysine ¡ üêthionine, ¡:henylalanirle, threonine, val.ine,

histj-cline ancl arginine (Therrrer, 't*roocls ancl Po1ey, 1966) 
"

Tyrosine cor¡ld possibly lr¿rve been ¿rdded to the list as it

dicl not exhibit raclioactiwe lllc ciue to synthesis by bocly

tissur>s. Try1rto1,,han and cysteine had not been included as

analys j-s teciuriques limited estimation of the j-r values.

Taliinp; into accolrnt tlre esselltial arrtirÌo aci<l

req_uirernent of the nrninarlt, seweral- r.torkers have enclear¡oured

to evalu¿ìte tlre J>rotein 11 uality of bacterial- a.ncl protozoal-

pro teins. The cor:relation betrr'een arqino acid analyses

(Purser, I97Ob) of bacter:iaJ- lrrotein as cletermined by

.'tfel1er (tgSZ ) anci 22 strains of bacteria by Purser an<l

Brrechler (tg66) r\'as very higlr.. Ewen though there r,ras a

clif f erence in analytical l)rocedures, as rveli as cliet

dj-ffe::ences, there ruas a rerlarkabl.c agreement. Ä11 data
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available ¡rointecì to a uniforrnit¡r of analysis of ìracterial

or ¡rrotozoal- prelrarations as well as ririxecl ¡:opule.Ltíons

(Sctrellin¿1, ilinrls ancl I{atfield, 1967), Slig}rt

dj-fferences \r'€rê shorvn to exist iletrrreen tlre alníno acicl

compositj-on of protozoa and bacteria' llrotoz<>a herwíng a

higher leve1 of lysine, letrci-ne o phenylalanine ar-rcl

tyrosine . J3ergen et al . (t969a) in.ticatecl ttre t,lo st

.1 ikely lirnitin¡_r arnino aci<ls in b¿rcterial ancl protozoaa

protein r.n'hen fed to rats. Fo.¡r ruroen bacteria, cystine

was preclicted as tlle 1j-miting amino acid, rvltereas

argininc, Ìristidine, leucine ancì 1ys j-ne \verle inclicated as

the next fotrr 1e¿rst awaiJ.able aIr'lino aci<is for rat ¡3rorvth"

tr'or prot,ozoal protein, ltisticline \'vas pre<licted as tJre most

limitíng, rtlrereas cystine, argitrirle, wali¡re, leucine ¿lncl

threonine hrere inciicate<l as the rtext five least awailable

a¡nino ¿rcids for rat gro\',rth" Thrrs it ca¡r lte seett that the

contribution of l¡acteria and prctoZoâ \{âs a reiativeJ.y

Ìromogeneous level of antino acids litade av¿rilable to tl.re

host anímal " Arry cJiff erences encountered in tlre host

reaction coulc'ì possibly have been attributecl to tlte dietary

ami¡r.o acicl sortrce (nurser, i.97Oa).

The irrotein cluaLlj.ty .rf tìtnron ba'cte¡:ia (

Purser ancl Clj-ne, f967) lvas deter.mined usíng all

pepsi-n - parÌcreatin clige st s)¡sterri ancl Dsse¡ttia1 Anino Acicl

Inclices (iUAf )" The pepsin - pancreatin digest index

comTrinecl -e ssentia.l a¡nino acici f actors in botlt the digested

Elergen,

in vitro
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protein and the undigcsted protein. Dígestitrilities r{ere

calculated using the asrino acid released \¡crstts the total

anlino acid in the 1:roteln" ¡\ combination of the pepsin -

nancreatin digest index ancl dlgestibility yLelded a hi6h

correlatj-on ryith tríolo6icaJ- vafues from feeCj-n¿i tr:ials

(Akeson ancl Stahmann, f964)" Ðgg protein rr'as used as a

stanclard ruith a Biological Value of lCO fo:: both the 1n

v¿!Ë_q digest systeni arrd DAAI. EÄAI related essential

amino aciCs in. the test protein versus egg values in one

caleul ated in<lex. Âs with seweral others¡orkers¡ eBB

proteln r^'as used as a standard for ru¡ninants" Ì{}rether

egg protein eouJ-cl Ìrave been classecl as tleing the best

stil. l rem¿rinecl to be seerl" The nol:mal- biolo¿¡ica-ì valrre

of egg protein l-n rats r{as l-OO, rr'híIe for rumi¡rants this

ï/as reduced to 8O due to the influence of the microblal

use of nitrogen in the syntliesis of RNA an<1 DNA (nffis and

Pfancler, 1.965\ " Rumen bacteria (nergen g¡[ al", f967)

exhibited a r¡ide rarrge of varlability for calcuJ-ated

Dssential Amíno Acid Inclices, I3i-oJ-ogical Vaf rre o and

Cigestiblli.ty, Amino acids, J-eucine, phenylalanine,

tyrosine, valine, methionine and J.ysine in combination or

al.one in the 10 strains of bacteria studiedo I'racl a Low

ratio r.¡hen compared to egg protein, Ce11u1olytic tracterla

appeared tr> contain a lorver quality protein. A¡.a. lysis of

the cligestion mixture revealecl a wiCe range of free a¡r¡ino

acids, soluble anrino ¿rcids and insoluble anrino acicls as a
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percent of total a¡¡ino acids present" ¡it arly time in the

rumen no 1ropu1¿rtíon of bacteria clorninatecl . .r\ccorrlin¿5 to

this nrettrod of evaluíìtion, sever¿rl l¡acterial- str¿rirrs rúollld

not lrave yielded si¡nilar results to the host anirnal , Again,

trsing- e{ig protein as a stancJard, Bergert (t96g) hycl::olyzed

egg¡ protozoal- ¿rncl bacteriat protein for 3O, 6O an<l 150

minutes in a peptic digest ald evaluated the resultirrg

mixtures irr vi-tro for tlreir eff ect on histi<'l ine and ntethionine

uptake by rat .je.jeunal- rings" The arilino ¿ìcids, releasecl as

a result of peptic ciigestj-c¡n, yiel<ied rflore realistic results

th¿rn simul¿rtion of dietary 1-irotein a¡nino acicl pr:opor^tior.rs,

l.Iith an ar:qino acì.d mixture sirnulating a pep'bic cligest of egg

or bacterj-¿rl- proteinn uptal<e of Lristidine or rlrethionine

increased as their J.eve1s irr.creased irr the rnixture, r,rhile

f or tire lrrotozoaL digest nrixtur:e, tlre absorlrtion of

hj.stj-dine or rnethionine clecreased " Eff,'ective tr:ar.nsport

inhibitors (other a¡nino acicis) in p::o t,ozoal_ ¡trc-rtein hacl

become liberated in increasirrg r¡rantities as rlirl histicline

and methionj-ne, ït appearecl that ctespite the simif arities

of atti¡ro acid colnposition Ïretrr¡eerr various rnicrcorgarrì-sms,

the arninc¡ acid proportions avail¿lb-l-e to tire lorver

gastroj-ntestínal tr¿rct varied accorcling to rr'hich organisrn

rr/as lrrevalent at the tj.r¡te. V¿rriable ar¡ino ¿rci-d }.lropor:tions

have Jreen shorvn to affect tlie uptaÌ<e of anj-no acids at

absorption s j- te s in bhe s¡na11 inte sti:re ( ilergen , f969) 
"

¿\s a conse(ìuen.ce tlre ruminant r*oulo have 1'>een ¿lffected by
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the type of free a¡riino aci<l spectnrm present in the sura.l.J

intestine anci as a r:esult the subsequent metabolísm of

amino acicls rvithin the tissues rvould Ìrave Ì¡een a].tered"

A further consideration of nitrogen in the rlrmerì.

was the contril¡rrtion of mrcleotide nitrogen of IìNA an<i IlN.h"

Nitrogen cont;'ibuted in this nìanner should have been a-1 most

totally of microbial origin (Snittr ¿rnd McAJ.lano L97O) ."

dietary sources r.rer(ì readily clegraded in the rumen" The

1eve1 of nitrogen that appeared- as polyntrcleoticle nltrogen

variecl accorcling t<¡ the 1eve1 of mierobial aetlwity. Data

which denoted the cont¡:ilrrrtion of polynucl.eotícle nítrogen

to the abomasum a.s a pcrcent of total nlt;r:ogen present

va.ried from 5f" to I4/o, (nff is and Pfancer, 1-965; Purser ancl

Buechler u Lg66; Little, I\ÍitcheJ-l and llotter, 1968 ) " This

portion of nitrogen reerchin¿ç tlr.e abomasr¡m \r'as al-most totally

Lost to the host anlmal " ¡\n aetive pancreatic riÌ¡onuclease

activity in the srlal1 inte stin.e <¡f ruminarrts ( Earnarcl, L969)

has been attril¡uted rvith the recycling of nucleotide

phosphorus in saliva and the subsequent i'euse of phosphorus

in the runen. lìody metabol ites of ll}tr¡\ anct DIIA were

excreted as a1 lan.toin and uric acid, the ¿5reater

proportion hawin6 been allantoin (fopps and Elliott, 7965).

The presenee cf a microbíal ¡:opulation of tracteria

ancl protozoa has proven at times to tre both detrj-rnental- and

beneficia-l to the host anímal. Low grarrì.e roughage s have

heen irnprovecl in protein quantity and quality by llicrobial



-l.9

use of recycled Ìrrea via sa1 j-va ¿ìnd rurninal avenues in the

synthesis of microbial protein" l{ig}r pr:otein dj-ets have

resulted in nitrogen losses via ar:moni¿r procluction by ih.

microbiaJ- iropulati<¡n in the lirlmen-, aìtove that nece ssary f or

microbial gror^rth. As a resu-Lt attempts l-rave been made to

1i-mit rnicrobial action unrJer certain cr>ndi-tions, rvtrile

stil1 Ìravirig maj-ntainecl a benefj-t to the host ¿rnirnal . Iluch

more ï'esri¿irclr rnust be undertalien in o:rder. to gain an

unclerstanclin¿ç of sorne of the basic reactions rvithin the

rlr.men ancl their ultir¡late ej-f ect on the rur'rinant,



Nitrogen fractíorr in the lorver
¿¡astro int e s tinal 'brac t

Nitrogen entering the abon:asrtnl could be

classified as clietary nitrogen and rnicrobia.l nítrogen,

plus a smal-1 so,l-uble fraction. Another ?¡asis for

classificatj-on coulcl be total true protein nitrogen

and non protein nitrogen u subclividecl into free arnino

acids, bound ¡rnrino aciCs (pepticles - notl

trichloracetic acicl solub-]-e ) ancl purine ancl

pyri micli-ne nitrogen" ?he .varior¡s f orms of nitrogen

entering the lorver gastrclintestinal tract can be

utilized quite aclequately 6y the rttntinant"

Tlie en.zymatic aspects of rttminant and

nlonogastric cligestive systems Ìrawr-' been shorvn simil.ar

in reaction once the rumen lvas by-passecl. (l'urser,

l-97Oa\ " At present some small physioJ-ogical

differences Jravc been demonstrated. ¡\¡rino aci<1

interactio¡rs at absorpti-on sites h¿rwe'been jucÌged to

be si-mi-laru althouglt relative rates of zrhsorption

rirere <li-ff ercnt (iiif rlams, L969) " The r,rajor

Cifference,.was the coml;csition of the cliSesta rear:hin¿1

'bhe true ston¡ach ¡ ôs Ìr'e11 ¿ì.s thc pH changes a1-ong the

gastrointestina-]- tract. ¡\s Purser (lçZOa) has statecl

rrruminant nutritionists lr¿rve 1¡cen I ¿tx in a1-r1r1yin,3

awailab1c inf or'u¿ition f:iom rn'orl< r.¡ith nonrur;linant anir¡a]-s
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to the r^r¡rninant situati<)nrt.

'lhis section r"i--1-1 cl e¿rl rv-i-th the fr¿rctions of

nitrogen entering; the abornasum frorn the rrlrÌet1 ,

endo[Ienolls nítro6en sorrrces, ¿lnd tltc subseclrrent

absorption of both en<l o¿;enorrs and elio{len()us nitrogen.

The absorption of arnino acicl ,s rr'il1 l¡e cliscrrssecl in so far

as to indicate iroints of absorptj-on and interrelationshilrs

r':ithin sites of absorption. The effect of the larger

intestine lvill- fo11or.'as a cortpl-ene:ltar.¡ factor to the

microbi¿rl nitrogen r:rctabol:isrn of the runlen.

l-itr;1e et a!. (f 9oS ) f ea soybeane zetrto casein

and gc'1atin to sheep tçj-th abonasal- nitr:ogen fra.ctions

cliviciecl into r:rotein nitrogen ¿lncl non protein nitrogen

(free ancl borrncl a¡lino acicl nj-trogen, purine ¡rnd

pyrimidi-ne nitrogen) " 'Zein yielded a level of

nitrogen in the abomasu¡n of l-O4"/L, as a percent of

clie tary nitrogerr, rvhich Ì¿as signif icantly higher

(p<O"O¡) than the other protein sources rnainly because

of its lorver rvater solubility. The t)'pe of protein

source influencecl the quantj-t¿¡-tiwe ancl qual-itative

aspect of the nigro6en fractions reaching the lower

gastrointestirLal tract. In orcler to be of be nef it to

the anima-l , the ¡nícrobial contriblltion must yield a-

better balance of tlre essen.tial amino ¡rcids for tl-te

anirnal



The runinant aninal can r-rtilj-ze a wide spectrurn

of cliets ran.ging from LOOdf" roughage to l-OOiá concentrate

ancr' the v¿irious combinations, r,'ith protein content

varying from near inaCerltrate to r.rore than arnple LeveJ-s of

protein intake. ¡\ cliet srrch as poor hay (Uarris and

PhíJ-1,j-psono Lg62) tusultecl in a JO';á ¿1a1n in total

nitrogen enterin¡3 the abomasurn, whi-le a high protein

diet resulte<l in a nitrogen loss as antnonia in the

rumen (Uogan an<1 Phi1lípson, L9('O) " A-lthough secrction

of pepsino,g'en try the abonasurt eoulC have masked the

Cietar^y plus rutrten eff ect, secretíon ¡.'as relatiwel,y

constant over a 2l+ ho'.rr prei'iori (nsn, L961-) ancl as a

resrl-l-t could have equa. l1ed the nitrogen lost as anunonia

in the rumen" Several rvorkers (noyneu Campbell,

llavidson and Cuthbertson, 19it6; Kay and i)Ìri11i1rson,

1964; Grayo Pil¿4rim ancl I,Ie1J er, L95S ) rucre in agreement rvith

the above prlnei¡r1es"

An extensive sttrdy ol1 the intal¡e levcls of nitrogen

anC the sutrsequent quantitics reaehing the duoclenu¡r and

lleu¡n and excreted in feces in streep r.'as ttnclertaken by

Clarlce, Ð1-1in¿çer an<l irhill.ipson (tg66) " Diets fecl rr'€r€ hay

and hay sup¡:leme¡rtecl r,sith flaliecl maize, soybea.n <¡r both.

It was forrncl that rvhen feeding a range of nitrogen leve.l s
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(four diets of apirroxirnate.ly 5, 7, 16 and 25 rgr:¿ìms nitrcgen

per Cay) gains in to'tal nj-trogerl \,rere clemonstrated frorn

feed to duodenrr¡n r.vith the th::ee lower nitrogen intalies,

r.'hi1e nitrogen losses rt,€r€ evident once the absclrptíon

sites in the slnal. l intestine had been lrassed, The

greatest portio¡r of nitrogen loss on tlre high nitrogen

diet (Zi, gm. nitrogen intalce per d.y) was as arn¡nonia in the

rurnen, ancl the inabiJ ity f or absorption to occur in the

small intestine as a lrtore than arnple supply of nítro¿Jen

f lorved 1:ast absor¡:tiorr sites " A nost st::iJ<i-n6 f e¿lture I'tras

that once the digesta had re¿¡.ched the abo¡rtasum a cì.ietary

clifference of a¡t¡,rroxirnately 20 éjr¿ìms betrvecn high<:st an<l

lorr'est nitrogen cliets was reducerl to approximateJ-y 1O gralns

in the altontasum" The microtrial effect increased the rllrnen

outl:ut of 1:roteitr on the J.orv proteín cliet ancl cl eci'easecl the

prote j-n outprrt on the hígh protein diet 
"

A rnajor portion of the study (C1-errlce et a1. , 1966)

delwed into the conplexities of a¡,¡lino acid leweIs and ratios

al,ong the dige stive tract. Some arnino acici s such as

cystine ¿rnd ',,'a1ine r^rcre in the same proportion in foocl ancl

duoCenlrm, others such as proline, arginine ancl leueine

formcd a sma1ler fraction in the duodenu¡n rn'hile stil 1

others such as lysine, threonine and isolerrcine formed a

greater fr¡rction in the duoderlurû" lìulnen fernentation had

increasecl clletary l-eveIs of both essential and

non essential arnino ac j-rìs. Ðata of Clarlçe et aJ " Gg66)
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indicated that the ¡rroportions <¡f certain arnino acids in

the srn¿¡-l-1 intestine accluirecl some <lf the clrar¿rcteristics of

endogenous protein sources"

During the course of a day a large quantit). of

nitrogen entered the s¡nal1 intestine from endogenotrs

sollrces ancl frorn the sloughecl tissue of the intestinal

rnucosa" Less than one thircl of the rnetabolic fecal

nj-tro¿3en r^'as contríbutecl by er.rclogenous secretions (itogan and

lJeston, 1,965) . The other two thirds apJrearecl to arj,se in

the st<¡¡nach¡ J)ôssibly as uncligested microbial protein which

to some extent had beerr synthesized frorn recycled nitrogen

sources. Thc importance <-.f en<l ogenous nitrogen has been

hypothesizecl by Nasset anrl Jrr (ryej-) t" provid,e a constant

level of ¿rmino acid.s both in total ancl in proportíon to one

another" Anal ysis of midje jeunal corr.tents of dogs

conf irmecl this relationshj.p, Trl¡ombley anC Ì.leyer (tg6l)

indicatecl that the contributj-on of ere<logenous nitrogen to

the digesta in the íntestine r'/as several tinies greater than

the ni tro¿¡en int¡¡l<e " Ð¡rcl ogenorrs secre tions coulci have

been inportant iu maintaining a steady state of a¡lílr-o acid

l-eve1s in the i¡rte stine . The endogenous protein

contribution rr'as expected to lrave hacl a masking effect on

the identity of the dieta::y amino acid. spectrum, IIor.'ever,

this effect clicl not sirpport the fact that free plarsma amino

acids refl.ecte<1 the col-rcentraticlns of ai¡ino acicls in the

cliet (ttisemar-r, 1968). l.lettrick (t¡ZC) statecl that
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endoélenorls nitrogen rl id not cor'.tribr-lte to the::.itrogenous

lr.omeostasis in the smal1 intestine of rats as an eg¿; and a-

casein d:j-et prodrrcecl arrays of amino acicls along thc small

intes Line verJr sinilar to the cl i-etary an'ay. The ilcic.l :ition

of enCogenous nitrogen- into the di-¡;c>sta nt¿rkcs an iinporturnt

contri-br:tion to the al,iino ¿rcids avaí1a"bf e to the aninal .

Arnino acicl t::ansport mecltíì-nisr.ts irr the suial-1

intestine lrave'l¡een cle¡aonstratecl to be hi¿lhJy compct;tive

(Ctrri stensen, f963; Oi'ten, 195j; ,Jercobs, 1965; lrrj-seriane

1968 ). Ilefinite patterns of arbsorption exj-st " 'tr¡íseman

(tgeS ) I istect a possíbiJ ity of five ctiff er:ent f'unctional-

sites that had affj-nities for tgroups of aruino ¿rci-Cs. Each

site hacl .r high ¿rffinity for ol.<; éîroup of arníno acids such

as the basic a¡.ii¡ro acids lysine, arginine and ornithine

rvíth cystine i¡rclucled (IIa¡3ihira, Lin, Sani-y ancl1fiJ-son,

1961 ) , orr for verline, isol eucine a¡rd leucine (ilagihira,

Ogata, Iakedatsu ancl Surla, 1960). r\n arnino acid

imbalance could possibl y have been attributed to

competition rvhich occurred at absorption sites. Other

f actors ilrfluencing amino acj.d transport rvere starwation

(Steiner and Gray, ag69), competition by other absorhal-rle

coml:onncìs such as sugars (Iìeiser a¡rcl Chrístiansen, Ig69),

as rvell as a'r.y amino aci<l analogue rvhich may bincl the

transport síte norie readi-ly than the anino acid itself"
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Ämino acicl absorption strrclies hawe been unclertaken using

fitotr.ogastric tissue, ¿rncl the results have been íntei'preted

in ruminant stucties" Not untj-l recently have any s¡.recies

differences been cle¡nonstratecl. lrrilliams Ggeg) revealed

a c1 ifference l¡etrvee:r the relative rates of absorption of

alnino acids frorn the sr¡ral1 intestine of sheep" This stucly

r./as clone in vitro in a neutral (pll 7 "O) solution.

Ilorvever, tlre irattern of ¡:Ì{ j.n tlie srn¿rll intestine r,n'as a

sl)ectrunl frorn ai:proximertely pIIz"J in the abotnasurq to pH 7 "5-

8 " O in the ileurn in sheep (lt,ry, Lg6g) , It rÌra)r have t¡een

that the ¿rrnilr.o acícl transport sj-tes in a ruminant harl

changed in affinity for amino acicls accorcìing to the pli of

the intestínal conte¡rts" À l-or,uer:ing of the pII in

monogastríc tissue krad a stimulatory effect on anino acid

transport mechanisms ( lhompson, I.ewin and .Iackson, I97O),

Ärninc acicl absorption afJlected body metal>oJ-ism through

free plasma arnino acicl leve1s, arrd dietary deficíences were

readily establ ished using piasma arnino acicls levcls

(crrristensen , a963) .

A contributing factor in nitrogen metabolisrn,

rshich rvas rn()re irnportant in inonoga strics than ruminants u was

the presence of an actiwe c¿recal ferrncntation. Iloupt

(tç61), using rabbits as an exper:irnental anirnal, f orrncl ttrat

urea metaboli sm in the caecurq re senlrlecl the riumen

¡nechanisrn, A certaín amount of nitrogen cycling ciicl exist "

The anino acid irrol-'i1es in the caeca of ponies (neitnour,
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Baker, ¡'litchel-1, L,ittle arrc-l l(ratzner , I97O) indicated a.

clefinite contríbuti-on to the caecal content r!'ith caecal

molar percentages of leucine and i:henylalanine having shor''rn

a correlatj-on rvith serum proportions. The J-evel of caecaJ-

fermentation r',as 1or,¡er in rur¡inartts (f,richney, L96B) .= the

greater portion of the carbohlrc,ìrate iritaìie \r'âs fernented in

the rurnen" As the ¿rrratoraical placernertt of the large

intestine could only have contribrrteci to a \rery sma1l

portion to the total body poo1 of nitro¿Jen, except in

coprophagic anim¿rl-s (lloulrt, L963) , caecal- f errnentation has

provecl to be of rninor iml:ort:rrrce in comparison with r:umen

fernentation.



Infusion of anino acids anri proteins
into tl-re abomasur:

I-;ietary srrpplomentation of aurino acids has not

been practical as they are sutr.jecterl to dear:rination by

the rllmen mi crobes. No clata conclrrsively (Uatf ielcì, A97 O)

substa¡ltiateC the neecl for dietary supplernentation" I¡r

orcler to b¡rpass l'urnen degraclation, stuclies have Ì¡een

conducted on the i.rrotection of proteins and ar¡ino acids

from rlrmen fer¡nentation (Sintafa, Loughheed, arrd Linton,

1968) subsequently nralcing the ni{;rogen source available

to the host by neans of lor"er tract acidic action orì the

protective coverin¡;-" Cher,rica-l- treatments by

formaldehycle¡ or tannin have been attemJ:tecl to re<.luce tJ:le

av¿rilability of p::ef ormecl proteins to the ru¡nen

population.

Iìeis Qgeg ) ancl lìeis and Schinkel (tg6t; 1.963,

1964) infusecl either casein oï' sulphrlr containing arnino

acids into the al>o¡nasum of sireep ¿rnd founcl an increase in

wool grorvth. Casein (if eis ancl Schinlcel , 1964) ínfusecl at

a 1evel of 60 grarns Ìler day increased rvool- grorvth

substantially (f Zt-fg L'io) " Srrspecting the result as a

consequerrce of strlptrur ccntaiuirrg aurino acicls o ne thionine

and cystine rvere infused. A conpzrrable LOA"/o increase in

rvool grorvth re sul ted 
"

'liro<-¡1 rvas fotrncl to contain a hJ-gh

1evel of the s1111"r}:urr containing aruino acicls, c)¡stine and

methionine (Broad, Gill-espie ancl Reis, L97O) " T'he
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increasecl r^;oo1 grorvth could ha.ve been attributed to a

greater availabíJ-i ty of the se tu¡o anino ¿rc j,cl s.

At-bention at Jrresent tras shif tecl to abomasal

infusion of anrino acids si-ngJ-y or a conbination,

Schel ling ar-rd IIatf ie-1cl (tg6S ) i-nfusing continuousl-y over

a 13 Ìrorrr períocì claily (g Ai'I to 10 Pì,f ) founcl a

considerable ¡:runber: of arri-no ¿rcid irrteractiorrs" The arnino

acids L-lysine and L-gIut;rmate procluced the greatest

response rr'hen infused singly, r"Lrile a. corabination of

arginine, lristidine, lysi-ne, phenylala¡rj-ne and metliionj-ne

pro<luced a similar response to that of l ysine alone " An

irnportant consideration in this study rv:rs the limited

presence of a vi¡¿b1e plroLozoal lropulation in tlre rumon as

the resr:lt of feeding- a sernipuri-f íecl cliet "

Ì{irnericic et al. (lgZO a, b ) f eC sheep a semi-

puri f j-ed dié t sirnilar to that of Schelling and II¿rtf ield

(f g68 ) " The aníno acicls rnethionine,,i lysine, threoníne,

tryi:toph.rn, histj-cline arrcl leucine were i.:rfusecl singl1. ¿rncl

in comhin¿rtion ovcr a 20 hour: per-iocl" I'Iitrogen retentiorr

and free plasnra arrlj-no acicl l-eve1s rr¡€r'e usecl t<-¡ erraluate

the efficicncy of e¿rch infrrsj-on" As lr'ith Schelr-inÉi a¡rd

llatfj-e1cl ( f 96S ) pro tozoê rr,€rre nor establisirecl in the runren

to all extent that thc con.trj-l-.rrtion c>f irrotozoal llrotein to

the tot¿rl i,rotein i:r thc rur¡en rras si¿;nificant "

ì'ictlri<;lri¡rc o 1-¡:.i';'e ¿rr:cì -bhreoni-ne 'r.¡ere inclicateci deficient

and liniting in the order nentioned in ruürcn bacteria.
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Lysine ínfused al-one reduced cli-ctai:y rtj trogell r-etention"

Irlasrna methionine remained l-orv ancl constant until- the

requirement Ìdas rnet" Frrrther increases in infusion

l-evcls restt-l-ted in elevated plasma methio¡rirre lewels.

The same rel-ation appli-ed to infr.rsion of threonirte ancl

plasma leve1s of threonine. îhis evidence rJas the first

ttrat i nclicatecì ¿ìrl orrler of limitai;ion that exístecl in the

inte stinal cìige sta,

In<'! iwiCual arnino aci<l s hrir,'c been in.fusecl by

several rvorliers " fnfrLsio¡r of cystine and methionine int<¡

slreep (lteiso L967), lysinc: at !l grams t)er rlay in steeris

(Devtin and 1'Ioocls, I)64), grercled -1eve1s of lysine troth fecl

and infused in total to yielrl 6"45 grarns lysine per cl¿Ly in

sheep (Itoore , I.ítt1e, Scott and. ì,Íitchell o 197 O) , anrl lysj.ne

at O, O, 2 " 5, 5. O ancl 7 " 5 ßrarns per ðay in sheep (ilrl'tsaù<,

L97O ) ct-:-a not yi e1cl arly cJef j.nite patterns of response.

In so f ar as could be ex¡;laiIrecl u sitrg the al¡ove lewel s,

arnino acicls, sFêcifically metltionine ancl l.¡sineu could be

f oullcl to be linliting under varying ciietary conditíons.



Ilvaluation of Ìtritrogen Status

Rioloßica1 Value

lliological val-ue (nfr) of protein denotecl the

nreasure of prote j-n quality obtaine<l fron animal- studies

\{here percetrt valtres r^/ere cal,culated, 'l}re c¿r,l-cu1ation of

llV rvas as fo.l-1or,r¡s:

BV = N iltalf,e.- (Iecal l.I + ur-iJarl' N) x 1OON intal<e - fecal N

This va1ue aecouuted for gro\{th, while t}re Thomas-

juli-tchel. I ÞlethoC t<¡ok into account the maintenance

requirernents (tf .rI. l,litcheli, l-924). Ilnclogenotrs urinary

nitrogen as rvell as metabol:ic fecal nitrogen r{ere

considered. Fecal- outlrut \^/as co1'rectecl for the netal'ro1ic

f ecal nitrogen ( i'intl) (f ecal N-l'Lnl{) and the urinar:y output

t\ras corrected for enco¡;enous rrrinary nitrogen (uuN)

(uri-nary li-ÐUN).

In the case of ¿ì ruminant y câl culation of IIUN ancl

IIFN was dj-fficult as recycling of nitrogen in the body

precJ-rrded the fee<'l ing cf a ¡:rotein free cliet to cletermine

the trr¡o values. r\n ecluation dis::cgarcling IIUN anC )fFN

gave an inrìication of the reterrtion of nitrogen f ed as

cal culate<l f ron ¿r ni trogen bal¿¡.nce trial .

Rumen Ainrnoniao Blood Urea Nitrogen

l31oc.d urea nitrogen (nUN) has giwen an inclication

of the nitrogerr st¿rtus of the l>ody rvith resirect to the
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actiwity of the urerÀ c)'cle ín the liver in ut:-l-i-zj-ng

aulrlonì-a ¿¿lrsorbed froln the rLrmen¡ or as arnino acicls

rnetatroli-zed to atu¡nonia" A pnttern of ilUN in jugular

blood over the <lay close-l-r'. f o1l-orr'ecl the peaks of amnoni¿ì

procluct.ion in the nrmcn (Lervis, 1958 ) . Iirhen llUN r+as

rrsecl as a measurement of rrJ-trogen status, the

interpretatio:r rvas relatecl to recycl-ing of urea in

appo sition to me taboli srn of exoe ss amino ¿rcid s absorbed

at¡ove tlrat rec¡trire<l l-,y the body"

Pl-asma Arnino Acids

A portion of the anino ¿rcids in the body 1rere

found in a free f orm in the plasrnar (Cnristensen, I96t+).

Levets of tllese fre e a¡lirto acicls were ¿r ref l c.ction of the

contribution fron absorirti-on- sites in the smal1 inte-..tines

storage sitcs in ttre body such as rnuscle tissue (Ifunro,

l-97O), as '.¡e11 as tl-re metabolísm of aririno acids in the

liver and other 'ttcdy tissues " Using a metliod such as

Plasrna ¿\rnino Acicl Scores (Longeneclcer atrd llause, L959)

the orcter of limiting arnino acids in the cliet I'rere

c1 eterrrrined.

Plasna amino acid

clocurnerrted for rnonogastric

st¿rnda;'d <¡f nitrogerr status

alnino ¿rci-d scores coulc1 not

aninal. as the ltasis for the

alnino acicl anarlyses j-n rumi

lerrels have been tr'ê11.

ernirnals, and usecl as a

. irr rumi-nants, true pl-asna

be deternined using a fasted

calctrlaticn" lllasna free

rrants har¡e a vari.ety of areas



-33

o.f study rçhich inclrrdecì a compar-Lson of portal a¡rd jugular

levels (Tireurer, I{cods ar:.d Poley, Ig66), effect of protein

cìi6çestion (ì-togatro I{eston and Li-nclsay, l_968), defaunation

eff ects (I?urser, I{1 o¡rfenstein ¿rncl C1ine, 1966) " starvation

(Lcillrolz and Cook, L967), as rvel-l as purified diets

( Ot t j en and Putnarn , 196ó ) zrnd g<:nera1 consirlerations as

an aid to inter';rretation of 1:lasma ainino acicls as a support

fcr cther experitnental data. Nirnrick et a1. (f97Ou) rt,êre

the first to use plasma ¿rlrrino acid -levels as a tneasure of

the aw¿ri1¿rbility of ¿¡rnino ¿rci<ls ¿rnC to deterrnine the orcler

of l j-riiitati-on j-n tlre rrrrnen cl igcsta. From the abo.¡e ít can

be seen that ¿Jround h:,rs l.reeir brolien for the utiJ-ization of

plasnra anrino acicl data i¡r rulnin¿rnts" Ftir-thcr rvorl< nust be

undertalce¡r in orcler to establish grríciel j-ne s of

interpretation "



Diurnal Rh¡¡thrns

Dj-r¡rnal patterns of exogerlous ancl en<1 o¡-Jenous

origin influe nce anirnals. Exo¿;enous f actors of

temperature an<1 darylength nleasnrecl a-s horrrs of srrnlight

fo-1-lorv a circaCi¿rn (24 hour) rhythm, Several factors

influenced the total aspect of endogenous rhythnrs"

Tlrese inclrrcle v¿rrior¡s enzyme s and pJ-asrna amino acid

patt,errls as rr'ell as tj-nts of inp;estíon of feed" Fecd

j-ntake has l¡een forrnci to lr.ave an eff ect on florv patterns

a-long the gastro j-ntestin¿rl tr¿rci;. Inter'¡r::eting rhythms

appearecl to lte difficult rvith l'esl)ect to the dete¡:rnination

of pìrasic patterns and srrbsequently restt.lving tlre soLlrce

of variation.

Erogenous ]ìhythrns (Brrnning, L964)

Drlily environnren.ta-1- temperatrlres fluctuate both

cliurnally :rnd {reasonaJ.-1-y, the hígher temperatLlr.es ustrurlly

lraving 'been recorded clurin¡; the dayl ight pericd of the

light-darl< plrases of clayiength an.cl the suntr,ter season.

Seasona-l daylength r¡ariation has beerl s,lrorr'n to affect

breecling :rncl migrertion cycles, Da¡rfength has affected

the r"ild anir¡al rvith. respect úo'bhe control of diurnal

rh)¡thm of feed intalce ar-rcl rest. This contro1 has Ì:een

shor*'n to occur as long as sonre natural or controllecl

lighting seqlrence reaclrecl the ani¡nai " Cyclical f eecling

arr¡lngenrents pJ.us other external- cues could alone have



reinfol:ceC cìiurn¿r1 rh¡rtlrnLls rr'h-Lcll hacl prerrior-r-s1-1r beeir

induced by cìaylength and temitcrature wariatíons 
"

(lîinson ienC Corvpcr , 1-)66; Gorclon a¡r,d lr{c.Àl1;-ster, 797O) "

DnÍþSenou-s Etrytt*fg (Il'urtmzrn, T97O)

Dirrrna-l rh1rf,11¡nicity rsithin the borly rvas

inf luen.ced by such f actors as ]ror¡qonal secretions, bocìy

ternperatrrre rhythrns, f ee<Jirr¿1 schedules and to some extent

exogenou.s factors" Certai-n Ìrepatic enzylnes such as drrrg

metabo1-izi-n¿¡ erlzy:ues ancl amino acid catabol-izing erlzymes

erhibited a circacii-an cvc1e.

I'lasrna arnino .., U patterïLs in the t¡1oocl f o1l-orved

a diurnal pattern ('l+urtman, I97O). Shif ts in the pattern

coul cl have re sultecl f rom cha:16;es in ti-re sleep cyc1e, the

times of physical activit_v, the hours of foocl ingestion,

tlre li-t.ht-<leLrk cycle or any <¡ther cyclic behaviour or

environment¿rl inirut. It lras f orrnd that cycles remainecl

in evi<l ence rvhen the ar¿ir¡lals lüere on a non protein t-ìiet.

Free 1:lasrna anino ¿rcid 1evels lvere conpai'ed in portal and

.jugular b-loocl (Theurer, riloocls ancl Polei', 1966). J.evels

in lalnbs varied over the 24 hour coltection per:iocl ,

(anímals haviteg been fecl onJ-y once on the day of blood

co1-l.e'ction) r¿ith the highest concentration of nany inciiwiclual

¿rrnino acids occurring 24 horri.'s postpranclj-al " Jrr.gular

J-evels at T2 horrrs postprandial tr¡ere jn closest agreernent

rvj-th ¡rortal blood for the nine essential arrino ar:icls,
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isoleucine, 1-eucine, 1ysine, vali-rre, ¡rheny-l-a1anine,

threonine, ffiêthionine, histídine ancl argínine" 1üÌrile

having elrcleavoure<1 to intcrl:r"et plasma a¡níno acicl 1eve1s,

diurnal wariations and time of col,lection must also be

consiclered "



Food Intake l?atterrì.s - Frequency of Fee<ìing

Tlre inost significan'r, effect on tliurna-l or

círcar1 ian rhythrn in arrimals, esllecially the rurni-nant, Ìùas

the total anrount of f ood intake, and the nrrrnÌrer of times

the anirnal rvas fed over the 24 hor:r ¡reriod. The most

signifícant ec<>no¡nical effect \ras ar1 increasecl groivth rate

(I'fochrieu Thornas and Lucas, i956¡ l{arclisonn Ilalces, Dngel

and Graf, T957) exhibitcC as a result of a more frequcnt

f eecling of anirn¿rls in coraparison rvith f eecling trvi ce claíly

rvhen identical quantiti.es of f eed \r¡€rê off ered " Factors

tl:rat coulCt possibly hawe contribrrtecl to increased freqtrency

of feeding r{ere first intr:oclucecl by Cior<lon an.ci Tribe

(lgSZ) ." to (f ) increasecl surface area for rnicrobial

attacko increasing cìi¿4estiì:iiity, (Z) rnaj-ntenance of

cl ì-gesta florv from the rumen to the omasllm, reclucing

fermentation loss, (3) jr".rduction of an environmcnt more

conclueive to grorrrth of rnicloo::gauisms or enabling the

animal- t<¡ rrse l¡retabol,ites Inore reacJily cr ( ¿r ) cìiff erences

in tines slrent rurninating.

Itu¡nen fer¡rerttation wariecl over a 24 hour periocl ,

the uain inf,l-uence being; the tirne of f ee<ìing ancl the

subsequent J-ewel of metaì;olites 1rr:o<iuced. lJacteria

(lvott1e, 1956), as r,¡e'! 1 as protozoa (ltoir anc Soinerso

1957; Purser an<l I{oir, 1959), exlribitecl clistinet responses

to rurninal pllo ¿rnnonj-a leweis a¡rcl wolatile 1'atty acid

1eve1s" ¿\11 vari¿rticns r,/ere a resul-t of the ti-nle of
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feedj-ng, Peal<s of fer¡"rentation occrtrred i-n acccrdarrce

rsith tlle type of cliet fed" Increasing tlre freq'-1s¡1¿y of

feecling, r''hil,e maint¿rining feed intake, a1l-orvecl the

f ernren-tation 1ewe1r âs erhitritecl by amÌnonia ancl volatil e

fat,ty acicL levelso to stal¡i1ize (Ibrzrhim, Ingalls ¿rncl

Phil-1 i1:,s, 1969) 
"

ft r{as founC that di-ffercnt b¿¿cterial ancl

proto zoaL strains exhibitecl a. specif ic diun¡-ral f l-uctuation

(lrarner, 1965)" Increasj-n6 the frec¡-rency of feecli-ng

rnaintained the microbial population. at a very stcacly leve1.,

barring clil-ution by rr,ater, or clietary components (Uoir

and Somers , 1-957) " Proto zoal- cycles varied rvith the pI'I in

-bhe rumen (Purser and, I{oir', 1959) " The lower pII

associatecl rr'itii a lriglr. l evel of vo,1 atil e fatty acicl

protltrction. ¿rfter feedi-ng reclucecl the 1';rotozoa1- iropulatj-on

exi)rerssecl as c<.¡unts per nilliiitre of r:uÌnen llluicl "

Acliievirig a irII of appi:oxirnate neutrality riiaintaínecl a

stable ancl a.ctiwe lrroto zoaT- popu-l-atior-r (fbrahim, Ingalls

and Stanger, 7970) " One can tlrerefore conclude fror,r the

atrowe data that reduein¿; clilrrnal rhythms in the rLttnen

resulte<l in a steadlr level of cligesta entering the lower

gastrointestirr¿rl tract "

A seasolr¿rl vari¿rtion has'been shorq¡r to exist in

the rurren 'r-¡acterial poprrlation (i'iott1e, 7956) " This

resporrse coulcl have 'been <1rre in Jrart to the type and

availability of fora¿çe ancl j-ts cligestil>ility, Daylength



arlcl clai1y ternpcratures night har¡e had so!!te ef fect, f t

was f ouncl th¿¡,t tlre 'l>acterial population fluctuated in

synchronot-ls cycles rvith season¿¡l variations of averaÉle

monthly cìayl engths ancl. tem¡-lerature s.

1¡.1-ol" along the l or'¡er gastrointestinaÌ tract

varied o\¡er the 24 hour ireriocl in response to f eecling

schedules. The f lorv f rorn ¡rtrornasum t<¡ <irrorlenu¡n increased

a short tine J)revious to feecìj.ng (ttarr:-s and Phi11ípson,

1962; Dycko 19 63) " Thi-s could possibly have t:een

associated irith a cephalic phase of ¿Sastric (abornasal )

secretj-on in reacliness for tlre intalce of clj-gesta (ì.'fcLeay

ancl- Td-ùchen , 197 O) " Abomasal secr:etion r.¡a.s rcJ-ativel-w

continuous over the day rt'itlr respect tc pepsin ancl acid

concentratj-on. Increasing the frequency of feecling from

once claily to once every lrour: reclircecl diurnal variation in

the output of feca1 dry nTatter, fecal clry mattcr

concentr:ation, totaJ. rrrine florn', Lrrj-ne specific gravityu

urine nitro¿ien concentr¿rtion ancl total nitroge:r cc,' ntent

(ltfi-rrson ilncl Cowl-rer, t966) " A reclrrction irr the cliurnal

variation in the factors 1ístecl rvoul-<l most like1y have

inclicatecl tl'rat a. continrroìrs feecling l¡cchanisrn could possitrly

h¿r.ve reclrrced norrnaf circadian rlrythrrrs in the nrminant bociy

as rvel-1 as tl:e rllnen itsel-f"



Control of l¡ood Intal<e in the lluminant

The presence of the runen has changecl to sonle

cxten t the f ootl intalce controls of the ruminant in

comlJarison with the monoßastríc anirnal , 'fhcories trere

interpreted in accordance rvith rlrrilen fíl I pl'reuorirena,

chemostatic corrtrol by rvay of acetic aci<l leve1s insteacl

of ¿¡1u.cose, anc.l the long terrn li1ro static control (nai-1e,

1968). Intake of rough¿rge cliets r{as affectecl by rumen

fill factors rvlril-e intalce of ccncentr¿rtes carae un<ìer

chemost¿etic co11tro1. ììrrrnen f il-1 f actors di cl n<¡t control

tlre lorv l evel intake of a hí¡¡h concentrate die t. The

total as¡rect of f ood intake cont::ol in nrmin¿rnts rnust be

studi.cr-l more extensiwely in accold¡rnce r.'ith the unique

situation of the ruminant anir¡al a¡rcl the rulnen rnicrobial

popu-1 ation"



ú\TIJIìf¿\I-S Al.lD I'IDTIIODS

Eight clairy steers rÍerc used in truo 14 x 4 L¿rtin

Square desí¡1nsn animals r'¡ithin each square having t¡een

subjected to either conti¡rrrorrs or trvice a day feeding.

Ðach ani-ma] rdas f itted wi-th an atrornasal- cannula ( þyloric

region of the abonasr:m) rnade of nlolcled plastic manufacturecl

from plastisoll. An attcrnpt was ma.de to make each sql.rare

as unifcrm as possible 'l¡oth r+ittri¡r and l¡etween squares for

hreecl, âBê anci rveiglrt of animals (A¡lpenclix T¿lble 1),

The Ciet (compositicn (tatfe 1) anci proximate

analysis (':fatrle 2) ) fed cluring the experimental periocl

containecl eo-rn (roJ-lecl\ 61"6Í", corn gluten meal l+.9o/ou (6o"p

crrrcle proteín) ar:.d grorrnd (one inc}' sieve ) barJ-ey straw

28"I+"L with ¡nínerals ancl vitamins actd,ed plus 2a¡1o mol-asses.

The diet t!'as f r>r¡nulate:d in accorclance with National Ilesearch

Couneil standarcls (-f961) for young grorving steers. Lysine

hyclrochloride (l-5','L nitroBerl¡ 75",!o 7-ysi..ne by weight ) r*as

infuseC at lewels of O.CO' 3"75, 7.5O and -11-'21 Sranrs per

<lay (O. O, 3. O, 6. C and 9 "o €îrams of J.ysine ;)er day

respectlve-Ly) "

The erperiment rríìs tc compare the effect of lysine

infusion per: abomasum ancl either continuous fed or trcice a

day fed. Part Á. reports on eontinrrous feeding and Part

tl" reports crl tr.rice a day feecling.

1Pl.= ti soI
International ïnc.,

( Polyvinyl ehJ-oride ) -Norton
Akron, Ohio,
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Table 1 Ration Ingreclient s

fngredient Pcrcent Cornposition

Conn (rolled)
Corn gluten rneal i6o'/.

Protein)
Grorrncl Barley Str:aç (l

sieve )
Mol"asses
Ðlcalcium Phosptrate
Calcrurn Carbonate
Sodiurn Chloride 3t

Vitamin A x*
gtú

Vi tamin l)

Crude

inch

6s"ø

I+ "9

28 ")t
2"O
o.1
o.64
o"50
o,5
1"O

gm"/roo tt.
sm. /t.oo 1b,

¡r Trace mineralized: socliurn ch1 oride
cot'alt o, oolr'i/ou iron o "L6cjLe copper
c,LzolLe Zínc o, I+OOTå.

r{x 325,OOO I,U" per éIram
xN¡r IOC'OOO I.U. per gram

Tabl e 2 ììation Proxirnate Analysis

96 " 51ä" Io<line O" OlO?å,
O .33C ,cL, Flangane se

Dry Matter

Ni trogen
Crrrde Proteln
Ether Extract
Crude Fiber
Ash

Calcium
Phosphorus

Nitr'cgen Free Dxtract
(uy ¿ifference )

Dnergy (gross)

9L " ziL

'/" |rty ì4atter ÏJasis

?,
1.)

a).
12.

I¡"
0.
o,

o/.
4stt cal" /s^. (approx 2 Mcal/lrø)

00
5o
o2
58
o7
3j
2B

83



Part A. Contirruous Feeding

Four steers \rrêre userl in ¿ì l¡ x 4l.atin Stlr-rare

desigrr, r-rtj-l:-ztrtg a continuous feedin6 apltaratus

(Ibr:alrirn, I97O; I'brarhiru et aI. " L)($), in orcier to be al¡l-e

to i¡reter out f eed incliviCrrall¡¡ over a. 24 trour periocl"

Tirne intervals tretrveerr feed lrresentations rvere ten

r¡rinu.tes. Iror Period T, a¡r intahe of 18 lb" fee<l per clay

tr¡âs maintaincd, but ¡vi-th difficulty as feecl l:egan to

gather ir"L tlre trough at the close of the dígestibility

trial . Ii'or subserluertt I'eriods If to f V, L6 lb. of f eecl

r"Jas fed per ctay except for Anirral 10 r,'hich rvas fe<i 12 ,1-b,

per clay" Lysíne irydrochloriCe infusion tre¿rtments \r¡ere

as previously described. '[v'ater t^'as awaí1ab1e free

choice "

The animals r.r€re stanchioned cluring each

coll ection ¡-' eriod" 'fhe infusate r'/as purnped througtr
1Jayon' tubj-ng (o.D.14", I.u.{''t¡ at a rate of 3ooo ¡nl. per

clay over 2lç irours (zz-24 hour: range ) f or Period I using a
)

Itficropump-, For Periods II to IV inclusive, a I{arvarcl
i,pump-' (non varj-able speed) r'ras usecl , rvith the infusate

vol ume increased to 1600 ml. per day in order to naintain

infrrsion of the solution over 2l+ hours.

1-
fJohnston Plastics,'l'Iinnipeg, i.fanitoba"
f,l3uechler Instru¡nents Inc,, !'ort Lee, New York"Jlla::varcl r\pparatus Cortparry, l)overn i\'iassachusetts.
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l'or each ¡reriod a specifi-c pl:ogram l'Jas followecl:

Ilay 1 1l+ - ad justment periocl.

Day 1J - collectlon of chr:o¡nic oxicie free

abom¿rsal sar;rples obtained at 6 ¿l.l an¿ 6 Pl'I for alnino aci<i

analysis.

Day L6 - placement of feces coflection bags.

t.ay 17 - irlacement of urine collection

apparattrs.

Day L7- 23 - collectj-on of feces and urine for

digestibilities and nitrogen l>al.ance"

Day 18 began feeding ¿¡rouncl cltronic oxide

paper (onc grarn per pound of feed intal<e) five days before

encl of feces ancl nrine collection"

Day 24 collection of abom¿rsa1 sarrrples

containing ch::omic oxide at 6 A.¡1 an¿ 6 PM.

Day 25 - collection of b.loocl sanples, anrl

rumen fluid at 9 Âl'f ; tlr.en stcers off trial, one ciav rest

unstanchi<¡nedç ¿rnd then started on next adjust¡r¡ent períod.

Part ll. Trvi ce a day f e ecling

I-our steers lìrere usecl in a 4 x 4 Latin Scluare

design, arrd f ed truice ¿r day, 7 Al"I ancl 7 I'M, 9 Ib" per

feet'ling, 18 lb. per day cluring the total experimental

period. Lysine hytlrochloride infusion treatme¡rts rvere as

previousJ.y described" Each animal \vas incìividually f eci,

and allor"ed to move about within a pere of ap¡.r::oxirnately :)O

square feet.
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The j-nfusion of the lysine solution l{âs carried

out l:y a Sj-grnarnotor peristaltic p.,rnrrl. Jayon f lexible

plastic tubin¡1 (Ou*", Il$tt ) rvas suspenclecl l-¡etrveen the pump

and the anir¡ral-. ¿ln apparatus uras rigge<l to retain the

tubing in a fairly taut ¡rositíon. F<.¡r Iieriocls II to IV

electric fencing trvire lr'as strung along the tubing to r"ithin

one foot of the animalts t¡acii in order to prevent the animals

frorn chervin¡_; the suspended tutring,

As r.'ith Part A. , barring technical ciif f icul-'ties,

a specj.fíc 1:rt>g;raur of events 't\t¿ìs fol1or,¡ed during each

períod:

l-lay I - 14 - ad justnent period.

Day 15 sarnpling of aborrtasrrm rvith n<¡ chrornic

oxide 6 -A.l'f, I?- noon, 6 PNI, 12 nidnight.

Day 16 - attachmen.t of feces collection bags.

I)ay 17 - 24 nitrogen ba.l-ance ¿rn<l digestibility

trial-.

Day 18 start feeding gr"orrncì chrornic oxide

llaper (one grarrì per potrn<1 feed intalce).

Day 25 - 26 - col-lection of blootl ancj a,'!romasa-1-

sarnl:les (r^'ittr chrornic oxicie ) at tirree hour interwals over

two c1 ays. Using only tr.vo aninal-s per tirne, sarnplirÌét \l'as

carried out on each animal at síx hour intervals. In

order to complete the three hour interval scheclule, sarnples

1^.-Sigmarno tor Inc , , l.{iciriJ-eport , Ner,' York.
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rvere collected on two co¡rsecutiwe days, Af ter a schedule

of eight eollections, one collection rr'as skiltped in order

to r¡laintain no less than a six hour tir,re int<¡rwal- between

each collection tirne, rvhile stil-l- co-llecting' til¡re period

samlrles not collected on th.e first day of satripling.

Day 26 - collection cf rumen fluid at 5 PM

(ten hours post feecling).

Urin_e Co-l1e_ct:ion (figurg _L I
The rrrine collecting apparatus co¡rsisted of a.

rubber j-nner tube catch basin unit, st,rspendecl trnder the

prepuce area c¡f the ani¡nal j-n order to retaj-n

quarlt j-tatively the rrrirre excreted. Tubing ( OD2L'' o ID{-rt ) rn'as

conrìected f rorn this unit to a collecting bottle " A

separate length of tubing (ou*"0 TDå") re¿ to a vacuum

plrmp" ¡\1 1 four animals r{ere tre¿rtect iderrtically and h/ere

connected to a sin¿,;le vacuurr punlp rrith suffícient capacity

to mai-ntain a constant vacuLlm. IJrine (figr.rre 1) rr'as

initially removed from the catch l¡asin by mean.s of srrction,

r^'i-th the help of grawity once the flor^' frorn the catch basín

bad begun.

The col1ecting bottle containcd a. small portion

of conce¡rtrated hy<lrochJ-oric acict to ací<lif1' the urine and

prewent tlre escape of amnroni¡r and nraintain an environruerrt

unfavourable for bacterial action. lIrirre \{as perioclical-:--y

renovecl fron tlre coll-ecting Ì:ottl.e and the quantitl¡

recorded" An al j-qrrot sarlple rvas obtainecl f or the daí1y
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Figure I Urine Collectron Appcrctus
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co]-lection and frozc'n" Äfter the

period, the to tal- subsarlplecl rrrine

mixed, and a salaple retained, r+hiclr

for subsequent analysis.

seve¡r day collection

f o:: each ¿rnimal rvas

'(r¡âs .l'rozen ancl lcept

The method described for urine co.].lectioÍr rr'¿ìs

used for Periods I to fV incl-rrsive in Part 4., and for

Periods f If ancl IV Ín P¿rrt Iì. The a¡tír:ra1s in l)art Il .

lrrere placed in metabolism crates to collect urirle ano

feces for Perior-ìs I and II"

l'ece s coll-ecti-on

In l:oth Parts A. ancl R" , f o:. all period.s, f eces

h'as collected using heavy plastic bags attachecl to the

caudal end of the anirna1 by rnearns of bu1l cement (lU

Co,npany'l) one clay prior to tlre initiation of the

col1ection J-reriod" Closure of the lor.n'er end of the bag

r.ras by nreans of trr'ine " The feces rvere rveíghecl c1 ailyo

lnixed o ancl an aliqrrot (1Oiá) sanple ret¿rinecl, Feces

samples rrere frozen until the enci of the sewen dav

coll ection period , at rvirich tirne they rr/ere tharved , mixed

and subsanplecl . The re sul ting sarnlrJ-e repre sented

approximately orre percent of the total seven clay out¡>ut

for each ¿rnirnal. These sa¡:lpJ- es r\iere then frozen until-

analyze<I "

ll"firrrru 
s o ta Þlining dc Manuf ac turing Co . Lnc .
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Àbomasal. Sampl-ing

The abcmasal cannula rvas opened and apprr:oximately

lOC ml. of fh¡iri (not less than 5O r¡1" ) of Z-LCþ c.r'y

matter rvas co-l-lected in a plastlc bottle ancl capped. In

order to slow enzymic action, the saurple r{as kept in ice "

?he abomasal f luid r.¡as prepared by taking 25 m1 . u which

rvas titratecl from a pll of approxirnately 2.O to a plI of 7 "O

in crcler to inactivate pepsin ( ptt 4, O) ancl pepsinogen

(rrH 6"o) (HirschowItz, 1967\ " Noting the

voJ..ume of O"5 N, soclium hy<i::oxitle recruired f<¡r titration,

the sample ancl pre-r^ieighed sanple bottJ-c lvere iveigheC and

freeze dried (virtis freeze <lrier) " Al-1 abomasal samples,

regardl.ess of subsequent anaJ.y5iso \ùere tr:eated as abowc.

Rlood Collection anC Analvsis

,'lloocl r,'as co11e.'cted from the jugular vein (:le

gauße neerlle ) " Trventy f ive rnl . of bloocl was collected irr

trrbes p::erziously ooatecl rvith 2 m1, of a L"34 grn. per 1OO

m1 , solution of sorlium oxa1ateo the r'¡ater in the soclium

oxalate hawin¡; beer Fêrrioa/êd by clrying in order to exelutle

volume cor^r:ections " Olr.cc collectecl , the bloo<1 rl'as

centrifrrgecl at 25OO rpm" for ten minutes and the plasrrra

rernovecl . Part of t.he plastna rvas set asicle f or b-l-ood urea

nitrogen analysisn

In the prepar¡ìtion of plasma for plasrna free ami¡ro

acld anal-ysis, tr,vo ml . of 1>lasma r{as adried tt> thirteen m-1 
"
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of a ruixture pf B iiarts N/1-Z sul;>hrrric ¿rci-cì ancl one ¡-rarrt

1Cl9io sorlirrm tungstate (Oser, 1965) " The resul.ting mixture

was ccntrifrr¡çed at, 25OO rpr¿ for ten minutes in order to

precipitate protein. Seven and one-I-ralf ml . ol the

srrpernatant ( eqrrivalent to one ml . of plasrna ) 'rvas lreeze

<lried an<l brougtrt up to a voJ-ume of trr'o m1 . using a sodíum

citrate trrrf f er soltrtion ( l>if 1-, B ) .

Plaslna al¡ín<¡ acids rr'e r.€ an.alyzecl trsing a lJecknan

116 Amino Acicl r\nal¡/zer with a modlfied wer:sion r¡f the

procedure try llenson ancl l)atterson (l-565), Total running

tinre for the analysis lfas 31O minutes. lJuff ers trsed were

pII 3.L7 (o,zr.r.Na+) ..t zero tine, pIl 4"25 (o.zlr.Na*) ,rt Élo

mlnutes an¿ pl1 6.3o ( o" 4u. Na+ ) at 1:ìB minutes. The Last

buff er (pll 6.3O) rvr.s the modification incl-ucled in or:cler to

a1lorv acicls rnore basÍc than phenyJ-alanine to be el utecl .

-Arginine alone rvas deterrnined on the short coluron using a

i:ll 5.8 buffer (o"la¡l.Na+) with ttre total rrrnning time

having been 50 minrrtes. Threr:-quarte::s of a mJ-. of saríple

was used ol-t each colttmrr. 'fhe limitations ,of 
this

technique r,rrere glutamine anr-r asparagine l{ere el-uteci rn'ith

serine as rvell as citrulline htrvlng been eluted rt'ith proline

Citrul-line lv¿le calculated off the 57O mu curve ' while

proline rvas read off the 44O rnu curve.

Ill-ood urea nitrogen was cleternlined using a

Teehnieon Auto Ãnairyzer III , r,¡ith the standard technique

lTechvricon Inc, , 'f;rrrytown, NerE York



-51

provided by the r;r¿tnuf acturer ( ntooO lJrea Nitro6çen, Ifethod

Number AAII-1).

A.mipo Aci-<is - HvÍirofyzecl Er¡tples

Abo¡nasal sarnples, pj.us one feed sanple trere

hyrìrolyzed accorcling to the methocl of Bra¿r;g et al. (tg66) 
"

l"lo<lification inclucled a hvdrolyzíng period of I5 h<¡urs and

reconstitution to lOO rnl .. rvi-tit socliurn citrate brrffer at

pI72"2, One-half ¡n1 . of sarnple rvas anal.yzed using a L1'6

IJeckman Arnino ¿\cid Àrealyzer fo:: both llasic and acidic

'ami-no acicls.

l'{i.sce].laneou_s Analytigal P]r:ocedures

General chcini ca1 me tlr.ocì s ri sed througl-tout the

experinental analysis foll-ov¡ecl sta¡:Ldard .labo::atory procedure

for proxirnate analysis (AolC), FeecI sarirples rúere

srrbjectecl to a- total ana1ysis (ar¡r natter, crucle protein

(nitrogen x 6 " 25) , crucle f at, crucle f iber, ash, calcium,

pho sphorrrs ) as rve11 as energy. Urine arrd f ec e s sanrple s

hrere ant-aLyzed for nitrogen by th.e rnacroicjeldahl techníqrte

(aolc Lgsg). Þ'eces rvere Jrredried at 75oC. to

approxirnately 95iL dry natterr âs r.re11 as being artal_yzecT

for dry matter, nitrogen ancl energy on air rlried sarnples"

All energ]- cleterininations \r¡êr€ done on a Parr Adial-¡atic

Ilonlb Calori¡neter rr'ith arrto¡nati-c r.¿ater teniperatrrre controls.

All analyses used ín the calcul-ation of digestibilities

were converted to an oven cìried basis.
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Al.¡onrasal sataples Ì{ere freeze clried ¿lncl anal-yze<1

fo:n ni-tro¡;en by the rnicrok.iel<iahl- technique (.0'OAC L965)

ancì for ash, sar:rples l{ere pl-erceci in the furnace owerni¿1ht

at 5OOoC. 'lhe rest-rlting ¿rshed sarnl;les tliat cont¿¡,ined

chronric <¡xide \r¡ere at:.ar-yzed fo:.' chro¡nium trsin¿¡ the

teclrrriqrre of irrilli-an¡s, Davicl and fisrsaa (lç62).

Iturnen sarlpJ.es Ì\'ere ana1-yzecl for ar:rnonia by the

Conway Diffrrsion l'{ettrocl (lgS'l) ar-rci for volatile fatty

acids. VolatiIe f atty acids \{ere preparec.l accorcling to

the urethocl of lt)rr./in, Marc<> arrd ltnrery (f g6f ) " Five

nicrol-itres of restrlting solrrtion rvas antal-yzecT using a

Burre,ll Corpo::ation ¿ças chrorirato¿;r:aph,

I-¡igestil¡ilities ancl l,iitropiell l]alance

In the abomasum, <Jigestibiij-ties r\rere cal-culated

using chr<.¡mi-c oxide as a ¡narlier. Or:ganic lnatter h¡â-s

estim¿¡.te<l by subtraction of tlre ash contgnt " Tota1 cnrde

fiber, etlrer extract ancl nitrog'en free extract (Cft+ÐÐ+Nl"E)

r{âs estirnated by sr-rbtraction of tlre protein content

(nitrogen x 6"25) fror,r tlre al>ola¿rsai orgarric rnatter

estiniation"

r\pparent dj-gestil-¡i1iti-es of dry nratter and nitrogen

wel:e ca1 cu-l ated rrsing totai- <lietary ilrtake, versus total-

output in feces" l{itrogen ba,lance hras c¿rl-cul-ated as

1:ercent absorÌ¡ed nitrogen retained.

t<-¡tal- N intalce- (totat f eces N+ total urine_ N) *Nj-trogen balance = total l{ i-ntake tota]. f eces iti
roo



-53

Stati s tical l.{e tliods

r\11 <Ìata rr¡a.s analyze<I rrsj-ng a stanclard L¡ x 4

Latirr Square analysi-s, no data missing. Itata collected

over a 24 hour irer:iocl , f or eight ti-rne íntervalsn r¡/as

artal"l¡zed incliwiclrral ly as rr¡ê11 as a Set of Latin Squares

( Cochran anc). Cox, L966) . Diff erer-rces betTveen treatnrent

lneans ].r¡ere an].aLyzed using l)uncanr s i"iultipJ-e Range Test

(steete ancl'Iorrie, L96o) .



RBSULTS

Part ¡\, Continuous Feedlng

Nitroe-en Bal ance and ÐiÈe-çtibil ities

Nitrogen balanee (talte 3 expressed as percent of

absorbecl n.itrogen r:etained) wa= si,gnil.-icantly reduced

( p(O" 05 ) at the 9 ßr¿ìr¡ level of l)'sin.e infusion. The

recfrrction in nitrogen retention was conc<¡nitant r+ith a

significant increase (p(O.O¡) in nitrogen excretecl in the

urine (uríne nitro¡4en as a pcrcent of nítro¿çen intake)"

There t¡ere rro Cifferences in fecal nitr<lgen excretion

(fecal nítrogen as a percent of nitrogen intake ). I'ecal

n-i-trogen expressed as a ¡rercent of intake nitrogen rvas

signlficantJ-y (p(O.O¡) rJifferent for periocìs and anirnals"

'lhere were no significant treatment effects in the

appar:en.t dígcstibilities of clry matter, energy or nitrogen"

Àpparent nítrogen clJ-gestibility nas si¡inific;rnt1y (n(O. O5)

different for periocls ancl arrimals.

Abomasal AmiLo Acids

Amino aeids in the abomasrrm ("= perccnt of total

abomasal dry matter) rr'€ro not signlficantly rJifferent

ariront; treatrnents. i\bomasaJ- amino acici nitrogen rshen

expresscd as a percent of total nj-tr'ogen in the

abomasum (rfppendix Table 5), resulteC in no consistent



Table 3 Part A. l{itrogen
dry matter, energy

t)

Élalance ancl digestibí1itíes of
and nitrogen

Grans lysine infusecl per day Standard
Error

Ni trogen
Ralance

76 "ïoa 76,284 74.olta 63.L5b 2.84

Urine % of
Nltrogen
intake

L?.264 t7.4ta 27 , O5b r.95t7.34a

Fece s ufo of
Nitrogen
intake

25.56 26.42 27.60 26 "20 o"71

¡ 
- 

| ¡ ¡ - . ' 
- ¡¡_ 

' 
rrff''

Digestibil-ities (percent )

Dry matter 74.43 75.35 73.46 73 .47 o. 50

Energy 7l+ .55 7 5.39 73 "42 73.66 o.54

Nitrogen 74.43 73.57 72.3tt 73.79 o.69

a) b, c Treatment neans
same superscript
(p<o "05) "

within an item not
are significantly

showing the
different

x Nitrogen -Balance
Total fntake N-(?otal Fecal N+Total Urine N

Tota Intake N - Total I'eca.l N
x lOO
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Table 4 rlmj-no Acid analysis of the feed sample

E ssential
Amino Acids 3É Irercent of llation ltt{x l'{o1ar Percent of

Total Amino Acids

Lysine
Hi s tídine
Arginine
'Ihrecnine
Valine
Methionine
I soleucine
Leucine
Phenyl.al.anine

o.281
o,183
o" 3Bg
o "399o"450
o.206
o.4.11
1 .5oB
o" 564

2,23
1.38
2.60
3.gQ
4.46
T.6L
3 .64

13.38
3.97

Non essential
Amino Acids

Aspartic
Serine
Glutamic
Proline
Glycine
Alanlne
Cys tine
Tyrosine

Acid

Ac irl

o,841
o"534
2,L77
o.956
o"[zL
o,872

o " \31+

, "_r70

L8 "6710, 48
7.10

L2.36

3.03

tlltE

}{.x!ìt

Essential Annino

Serine rl¡as not
with respeet to
diet,

Expressed on a

Acids 37 "2I1o of total. amino acids

incl-ucied in the total of amino acids
nolar percent of amino aclds in the

10OT¿ Dry l"latter Ilasis



57

Tabl-e 5 Part A. Amino acids in the abomasum of steers
as a molar percent of total amino acids present
(excluding serine) sarnplerl at 6 ¡¡,t,

grams lyslne infused per day Standard
Error

LysJ-ne :¡E

Hi stidl-ne
Ar6¡inine
Threonine
Valine
Methionine
ï soleucine
Leucl-ne
PhenyJ-alanine

Aspartic Àcid
Glutamic Aci-d
Proline
Glycine
Alanine
Cystine
Tyro sine

5.444
1.49^
4"rr
5.43
5.99
2 "244"66

12.L7
3 "93

LO.39
L4.87

7 "L4
7.83

1O.51
o.23
3.46

?:iÍi
3.L2
5 "45
5.92
2.25
4.86

ro.95
4.11

1O. 05
15 "L9

7 .63
8, O5

11.18
o"25
3.t+4

6.87b -

r .sgal)
2.9L
5"24
5"66
2.2r
4 "24

LO,63
4, o9

9 .49
14.5o

7,O6
9.66

10,48
o"33
3.26

Í'.272" 3"åí
2 "gL 0.66
5"36 o.3(,
5.93 O.22
2"r2 O.Og
4 "78 0.16

11, 05 o.g3
4.L5 o.09

lo. 02 o.34
L5 "36 0.36

7 "06 O,50
8.og 0.86

11.04 O"35
o.27 O" 07
3 .33 o. 15

a, b Treatment means within an ítem not showing the same
superscript rvere significantly different (p<O,05)"

Ànalysis of variance was significant (n(O.Of) for
treatment means; I)uncants Multiple Range Test k/as
significant (i, O, O5 ) ,
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treatrue:rt trend s. r\bonasal a¡¡rino ¿rci-ds as a nio1ar

percent of tot¿r1 arbornasaf arnino ¿i.cic'l s oxclr-lc.l ing serine in

the total Ì{ere calcul¿¿tecl f or cornpai'atiwe prrrposes.

The rnoJ.ar percent of esserrtial alrrino acicls

irrcr.eased f rorn die t (37 " Z'¡L) (tanr. l+ ) to aborn¡rsurir

(aver.a¡1in6 44"on) (:ratrf e B ). Ììelatiwe to the <lietary

mo.l-ar percent of total clj.etaly amino acicìs, cìifllererrces in

a.Ì¡orn¿lsa,L a¡nino ¿rcíds as a rnola:: irercent of to taf anino

acicls j-n the abornasurn were evi<lent. The J-argest arnino

acid increase fro¡n <iiet to a.bontasurn rvas rvith lysineo which

incl-uded the result for the '?.ero level of lvsine infusion"

Iluch less of a clrange r.r¿ìs noted for other essential amino

acids llrorrr cìiet to al¡<¡lnasum rvith the excelrtíon of leuc1ne.

Ttre rriolar percent of Leucine clecr:ease<1 fro¡l <ìíet (f f " f 
g:á)

to aborriasurn (aver:aging ff .2O'i"). The r:ro-1 ar percent of non

essentia]. amino aci-ds clecreasecl for: a.'1-1 ¿rrnirr<-r acicis rvith the

excelrtiorr of aspartic acicl , glycine anct tyrosine. The

rno-lar percent of irroline exhibited thc 6reatcst reclr-lction

fro¡n diet to allornasrr¡¡r. No dietal"¿ walrres for c¡rstine

rvere obtained" Destruction of cvstine occlrrs rvith

hydrolysis j-n hydrochloric acid. As an:rJ-ytical technirlue s

r17ere the sarire for diet anrl ¡rhorn¿¿sal sanples, the wa]-ues

reported for aboruasal sarrrples 1:robahr1y reflect an increase

in ¡noJ.ar percent of cystine fro¡r cliet t<¡ abomasum.

.i\bomasal anino acids as a mol-ar percent of total

atrorn¿lsa1 ¿r¡nino acicls ( excluciing serine ) reriiainecl relatiwely
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coi-lstant ar:rong tr:eatnrents " The rnolar iiercent <¡f ¿tì.¡omasal

1ysine in the a'l:o¡¡rasum flor the 6 ancl 9 gran lysi-ne

infusion per: rÌay r.rere sj-grLificantly higher: (n(O.O5) than

the O and I gram lvsine infusions per clay rvhich inclicated

a. response to the 1evels of lysine j-nfusion. The ¡rolar

percent of a'l;ornas¿r1 histidine at ztero and 3 gratns lysj-ne

infusion per day r,¡ere si6nj.j--ícantly dif.f e:rent (i'(O.05 ) ,

br-rt each rvas not significantly clifferent frorn 6 or 9 grarns

J-ysine j-nfusiorl per day. The nol¿rr: percent of a'bomasal

histiclj-ne exhibite<1 a sj-gnif icant lierio<-l r:esponse (t,(O" Ol )

rvhicl cou-lcl not be ex¡rlarinecl irr r:el-¿¿tion tcl lrerioct

vari.ation.s in nitrog'en intake (Appencìíx Tabl" 3).

.¿\ni¡nal varj-ations fo:: the ri-lo1ar- percerrt of abor¡r¿rsal lysine

r\rere possibly dtre to var:i¿¡.tions ín rate of infusion.

.¿\ninals l-O ancì 2I r4rere significantly <iifferent (p(O"O¡)

frorn aní¡nals 1.5 and 77. ll'tre Ìrigìrer mol-ar percent of

abornasa-l lysin<l i-n anj-m¿r1 -1 O cr¡u.l-d t¡e asrsocíated rr¡ith the

1.orver leve1 of nitrogelr intalie for Periods II to IV, rçhiIei

r¡ith anj-lnal 2I , the intermediate val.rre coul<l not be

explained. Ðssential arrino ¿rcicìs in the a'l>orna,sur¡ (taUte

B) as ¿r mol¿rr ltercent of tot¿rl- ¿rrnino acicls in the ab<-rl-t¿¡surn

exclrrcì ing serine \{eï'e not signil'-ica-rrt1y ( t'(t-t " O5 )

c.liff erent among treatnents.
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j)1¿r.srra ,A,lnino rtcici s

Inf rrsion of lysine sí¿¡ni1licantly increasecl ( tr(O, 01 )

the 1evel of lys:lne in the pl:rsnta f'rom arì ¿ìver¿ìéje <.¡f 7.6O

u ntoles ller 1O(] rir-'l-. c¡f p]¿rs¡na for O, 3 and 6 grans of 1J'sine

irrfr¡secl per clay to 1f.58 rr nole:s J.)er 1OO rnl ('tatrte 6) at the

9 p;ram claiJ-y infr-rsion of lysine. Nlo other 1-r1asma al,ij-no

acid 1evels r\rere si-gníficant.ly dilfererrt arirorÌg tre¿rtr,rerrts.

u uoles per 1O0 rnl . of plersmer¡ re spectively) ;rt 'bhe 9 €îrarn

1evel of lysine infrtsj-on Ììrelre 5 u ¡loles J:)er lClO nl " plasma

higher tha¡r arginine v¿rJ-ues (average of B u r¡roles per 1O0

ml . plasma) for ttre 0, 3, ancl 6 grlr" lysine per da.y treat¡nents

and Perioris III and IV, 9 grn. lysine pel: clay treatnent.

Glrlta¡nic acicl hr<ì-s signif iczrntly (i,(O. Of ) hi¿9her in the

plasma cluring Periocl f (ZZ " Sg versus 1t).9O, B "64 ancl 7 "76

for Pe¡:iod I venslls l)er:iocì s II, fIf a¡rd IV r-espective1y)

and rnay be relateci to the ìrígher nitrogen intakes of animals

clurin6- Perioci I (Äppenclix Tal>1e 3) " Iletlrionine ancl cystine

as rueJ-1 as citrull-ine rvere significantly (p<o.05) d1fferent

for Periocls. Þlethioníne plasrna J-er¡els for Periocl f were

signifìicar:rtJ-y (p(O" O¡) -lorver clurin¡¡ tlr 1>erioct of high

nitrogen intal<e (O"fg, 2.04, 7.37, ancl 1.)6 u rnoles per 1O0

ml . plasma for: Períods T, If , IIf a¡icl IV, ::espectively).

Cystine ar.rc'L cj-tn;Jline ¡rieldecl no consistent response rvith

respect to other plasnra arlino acids J-evels or to inftrsion

treatrnents. Aninlal ef f ects ¡¡ere negli¿1ible f or lrlasrna

ani-no acid walues anrl dicl not reflect the lorr'er nitrogen
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Tabre 6 Part A. Plasma Amino Acids (u moles per loo nl.plasma)

éIrams 1ysíne infused per day Standard
Error

Essential
Amino Acids
Lysine
Hi stidine
Argínine
Ttrreonine
Va].l-ne
Þfethionine
I soleucine
Leucine
Phenylalanine

Non essential
Amlno Acids
Aspartic Acid
Glutamic Acid
Proline
Glycine
Al-anine
Cyst ine
1'yro slne

7 "684
7 "308,19
7 "83

17 "oL1.60
8,28

15.68
5. 04

l+.zB
LI "736"rr
27.39
16.49
L.37
5 "04

7 .r5fÀ
7.25
8 .59
7 "26

14 "66r.56
7 .43

l5.gB
4 "24

3"26
14. o5

6 "8525"08
16.L3
1. 30
4"9r

7 "g6a
7 ,39
7 "76
7 "OLL4"56
1'3e
7 "LL

L3 "96
4 "61

3.3r
L5.73
6.3o

29.3L
L7 .32
L"33
4 "85

11,5gb
7 "69LO.32
7 "85

L6 "28r.23
7 "Bl+r-4"55
5 "16

4 "zl]-3,42
6"4o

27 .5L
17, 08
L.32
5. 03

o.70
o" 38
o.97
o.83
L.T2
o.24
o" 51
o "65
o "26

o. 61
r "34
o .46
2.34
7.3r
o. 19
o.26

Ornithine
Cl trulline
Taurlne

4 "92
3"4L
4.92

4"55
4. 03
3.62

5.L2
4, oo
3.58

5.1¡4
3 "69
5.81

o- le
o.33
o" 8g

TOTAL DAA rcx
TOTAL N¡r-AA xx
TOTAL AA xx

78.36
72.39

r5(o "7 5

74.4t
71. 58

t45.gg

71 .88
78.L4

L50"02

82.30
7 5.38

L57 "68

4.5o
4.zB
I "12

a, b rreatmerrt means wittrj.n an item not strorving the same
superscript were significantly different (p<O.05).

r{:Ë AÂ - Amino Aclds; DAA Essential_ Amino Acíds - lysineo
histi-dine, arginlne, threonine, valine r rnêthíonine oisoleucine, leucine, phenylalanine; NEAA Non essential
AmÍno Acids exclucled ornithineu cltruLrine, taurine,
EAA Theurern I{oods and Poley, L966.
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intal<e rvhich occrrrr:ed r'.i-th Aninal lO,

Ânalysis of tota-l rnolar I evels of essenti-al anino

acids in Jrl-asrna (falf e 7 ), rlon essentj.¿rl a-n-lino ¿rcids in

plasma or. tota-l- anino acids ( ttre total exclrrding ornithine,

citrulJ-ine and tallrine ) in plasna, cl i<1 not resrrlt in ar''.y

signif icant treatrnent <1 j-f f ererlces. ,¿\ sigtrí1,'icant ¡.reriocl

effect (t,(O.O5) \r¡âs noted, h<>rvever, but l1o consistent trencl

1,ias apparent arnoni¡ the esseniial., non esserltial or total

amino acids in plasrrta rvittr regar.rd to lreriocls.

Plasnra ar¡rinc; acicls lrerc calcul-atecl as a inola::

percent of total- lrlasura a¡rrino acicts, the total- excluding

orni thine, ci trulline and t¿rurine as rve11 íìs serine rvhich

Íras not analyzecl for i-n plasro;1 " Tlre ruol¿rr percerrt of

plasrna lysine Ìì¡as sigrrJ-ficantly higher (e(O, 01) at the 9

gram lewe.l <¡f lysine infusion" 'Ihe rnolar lrercer.rt of

plasrna lc.ucj-ne ancl isoleucine ¡vere si¿çníi icantllr cliff erent

(n(O" 05) f or leve-ls of lysine infusion. 'lire m<-rlar percent

of p-l asma isolerrcine ìlras si¿iniflicarrtly Triglter at O grarns

lysire infusion per rlay rvhil-e the rrro-1ar'lrercerrt of plasrra

leucíne \{as si¿çtrificertrtiy hig}re:: at the O and 3 grarr l)'silre

infusion per clay. The nrola¡r percent of plasnla methionine

ancl plasrner histicline rr¡ere sígnlficantly (n(O.01) lorver for

Period I" The molar percent of plasma t¡rrosi¡re rvas al-so

significantly lorser (i-,(O"05) Í'or lreriocl I. The rilolar

percent of ¡.llasrna glutarnic acid rvas significantJ.y higher

(l{O. 01 ) in Pe::iod I, rvirile t}re rnolar perccnt of plasrna

as¡rarti-c aci<l tenclecl to l>e hi¿;her (tt(O.fO) for Periocl I.
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Table 7 Part A. PJ-asma arqino acids a.s a molar percent
of total amino acicls excluding ornithlne,
citnrlJ-ine, taurine ( sarapl-ed. 9 AM) "

grams lysíne infused per day Standard
Error

Lysine
Hl stidine
Argínine
Threonine
Valine
Methfonine
I soleucine
Leucine
Phenylalanine

Aspartic Acid
Glutamic .A.cid
Proline
Glycine
Alanine
Cystine
Tyro slne

5"OgA
4.94
5.44
5.18

LL"24
r.. 06
5.49?

1o.4oo
3 "r9
2 "84
7 "834.06

r.8 " 1g
LO "96

o "92
3 .35

4,gt[
4"98
5 "944.gz

lo. 05
1. 08-
5, Ogb

1O. g4a
3"10

2.23
9 "6o4.7o

L7 "L411"04
o "92
3.39

5.32A
4.98
5.Lt+
4 .62
9 "70o"96.

1".\:ni
3 "2L

2 .26
10, o2
4.25

19.62
LL "63o, 9o
3,23

7,458
5. Cl
6 .1+2
5, oo

10, Jg
o. 78.

l'"73i
3"29

2.93
7.89
4. rr

L7 "5710.8L
o.89
3"22

o.32
o "12
o" 50
o.37
o.59
o.13
o"11
o"26
(). 19

o .35
1. 05
a "28
o" 83
o"56
o" 11
o" 1t

A, ts - Treatment means r'¡ithin an ltem not shoruing the same
superscripts lver.e sigrrificantly clifferent (p(O" Ol ) .

at b Treatment means within an item not shorving the same
superscripts r{ere significantly different (p(O.05).
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Period values for the molar percent of pJ-asrna leucine and

eys'bine rvere signif icantJy different (p(O.Of ) but no trends

rô'ere evident alíong treatments. Dssentia]. a¡'¡ino acicls as a

molar percent of totaL amino aeicls varied from llS.lLiL to

52"27% (tatrte B),

Rumen Ammonia anrl Volati-1e Fatty AciCs (r/IrA)

îhere was no signj-ficant difference in total VFA

expressecl as m moles per 1O0 ml " rurnen- fluid or as ¿r mol-ar

percent of eaeh individual V¡'.4. (taUte 10À), The rumen

ammonia lewel (tante 9) at the 3 grarn J-ysine infusíon per

da1r was significantly higher (p(O"O¡) than the other

treatment 1evc1s" Productiorr of ammon-ia at ihe 9 AM

sampJ-ing for the 3 gram lysine infrrslon treatrnerlt was 6 to

1O mg. ammoni.l per J-OC ¡nl, rumen fluicl higher than the other

three treatrnents" The zeró anC 9 gram treatment level.su

15,9 and J6"2 mg. ammonia.per 1OO ml. rumen fluicì,

respectírrely, were the lowest v¿rlues" Ttte 6 gram 1evel

r./as intermediate at ]-9"I méj. ar,rmonia per 1OO ml . rumen

fluido rr'hiJ-e the 3 gram level at 25"5 mg. ammonia per lClO

ml, rÌrnren fJ-uid rvas significantly trigher (p(C.05) than the

other three treatruents " Plasna a¡;rrqonia level s ¡.l?ere low

(O.fe, C.150 O.llt and O,11 mg./IOO m-l'. plasma for the O, 3,

6 and 9 gram level.s of lysine infusion, r€spectiwely) itt

relation to rurnerì atnrnonia lcr¡els¡ although pl;esma ]-eve]-s of

ammonia reflected rumen 1evel.s.
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Tabl-e I Part .4." Ðssential amino acids as a molar percent
of total amino acirls

grams lysine infused per day Stanclard
Ërror

90

Plasma x

Abomasum

50.92

4l+ "r5

48.tt

43.93

52"57

44"25

5L.03

t+4 "o4

L.2L

o. 87

,[

3€$

Table 9

Dxcluded ornithinen citrulline,
rvas not ana1yzabl" ) .

Ðxcluded serine.

tatrrine, ( serine

Part A" Ammonía levels in the rumen and plasma
and blood urea nitrogen (nuN) (g AI\r).

grams lysine infused per day
mg/Loo m:-" Standard

Error()

Amm;onia
xrumen

plasma

BUN

L5.ga
o,12

7 "72

25.5b
o" 15

8.20

L9.TA
o.1h

7.97

L6.za
o.11

8 "72

L.l+z
o, 02

o.39

a.t b

?f

Treatment means wittrin an item not shorvlng the same
superscript were s j-gnif icantly rìifferent (p(O. 05 ) .

Analysi s of vari-anc e Ì\ras si 6¡nif i cant ( f < O. Of )
Duncanr s lvfultiple lìarrge test was signif icant (p<O. 05 )



Table l-OA Part Ao
and molar
sampling

-66

Volatile fatty
propertions in

time "

acid concentrations
the rumen at the 9 AM

grams lysine infusecl per day Stanclard
Error

To tal-
urnole,/1oo ml.

molar percent
ace tl c
propionic
í sobutyric
butyrlc
í soval eric
va1 eric

8"1-2

65 "zoL6.06
1.13

L5 "39r.55
o"67

I .95

65 "8715.81
L "L9

r-5"oo
1.40
o "73

8, Bg

65.57
a5.78
1.38

74 "L6l.4o
o"88

7 "32

65 "39T7.7L
L"26

L3 "03L.77
o"53

o. B2

o "66o.82
o. 11
o "7r0"13
o. 08

Tabl-e 1OB Part B. VoI atile
molar proportions
sampling time.

concentrations and
at the 5 I'M

fatty acid
in the rumen

grams lysine infused per day Standard
Error

Total
mmoLe/Loo ml.

molar percent
acetic
propionlc
isobutyric
butyric
i soval eric
val-eric

7,34

65.74
L5.07
L.66

L5.L9
1" 50
o,B5

8"21

66. jo
75 .68
r.26

]-3.95
L "74o.89

6.gl

65.7t
15.8¿t
r .64

13.99
2.02
o.76

7 "u8

66. oz
]-5. 04
1. 41

15. ()1
L.59
o -94

o "145

o"gg
L,27
o.78
1. 03
o"23
o.r7
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Blood Urea Nitrs¡gen (BUN)

'Ihere \rrâ.S r1o statistically sigrrific¿rrtt difference

for BUN arrrong treat¡nents. ìIinor peaks \vere apparent at

the 3 ancl 9 gmo levels of lysine infusion" The peak rvith

the 3 gm. lysitre infusion corricl possibly lrave been a

response t<¡ the hi6Ìier antrnonia 1eve1s in the rumelÌ, the

anrmonj-¿r harving lreen absortred across the ruÌnen epithelirrrn

into the plastna and subseqr-rerrtJ-y convertecl to urea in the

liver. At the 9 grar¡r level of lysine inl-usion, elevated

plasrna lysine (g grarn lysine infusion versus O gm. lysine

inftrsi-on rvas a1-r¡>roxirrrately J u moles per 1()O m1 " plasma

lligher) *"y have been converted to IIUN and excreted in the

urine" The rrrinary nitrogen excretion was also increased

at the 9 granr level of lysine infusion.

Rumen Organic ¡\fatter Digestibilitv (Tab1e 114)

Dry matter levels in the rumen rüere not a ¿good

in<ij-c¿rtion of the ctruarntity of <lietary com¡ronerits reaching

the ¿rbonlasrÌm. /r trigh l-evel of ash in the atromasum (range

of a3-3O'þ of abomas¿rl dry rnatter:) in cornpar::iscn rvith a low

<iietary 1evel (3';L of ctry rnatter) rvas llound. .fhis

increase<-l ash level could have been a result of either the

loss j.n tcltaf clig;estibl-e conponents as ailrqo¡ria and r¡olati1e

fatty acids through transepithelial absorption or to the

sa1 ivary outprrt of ions h.aving reached tlre abonla,surn in

large qrrantities. Rrrnren organic ¡natter dige stibility

rvhiclr includes crucle proteJ.n (n * 6.25), crucle fiber,
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Pa.rt A, Contritrution to
Nitrogenu Org:rnic M¿rtter
Fibero Ether Extract and

the abomasrrm
an<l a sum of Cfucle
Nit,rogen Free l)xtract

Tablc 1-1

_11A. lìumen Organic Matter Digestibility (percent)

o S.E.

6AM
6 PIvf

OVERALL

51. Oo
4o.47

45 "74

54"6L
54.84

54.72

45.06
45.t-g

45.Lj

39.38
50"6L

t+I.95

8.1()
5"69

6 "86

l_18 " lìumen Digestibility of Cnrde Fiber, Itther
Extract and Nitrogen Free Extract in total
(excluded Nitrogen) (cn+un+NFlì) (percent)

s.Ë.

6 Â¡r
6 Pr'r

OVERALL

6r "zz
5r.7 5

56 .49

6t.39
6s .4a

63 .44

54.72
55 .22

54.97

5L "98
60" 80

56 .39

7 .4r
4"sl

6. oo

llc. Nitrogen. Reaching the Atrornasum as
of Tntake Nitrogen

a Percent

s. n.

6 AÞI
6PM

O\rER¿.LL

LLg "65L)6 "84

r27 .7 5

9r.34
Lt.7.62

104.48

LzO "73
L23 "30

L22 "02

1,45.78
LLB,27

L32. 03

L5.32
14. 58

ro,77

S.E. Standard Ðrror
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ether extract and nit::ogcn frec extract rrtils c¿rlcuf¿rted

rrsing chromj-c oxide as a rn¿r:r.lçer ancì \r'âs not significantly

clifferent at 6 r\l'l or 6 Pl4 <¡r r,¡Ìren the trso tirne periocls were

antaLyzed as a set clf truo 11 x 4 Latin Sc¡rra::es. Organic

rnatter <ligestibj-lity rvas sl ightl -rr hi6her at the 3 éìrarn leveJ-

of lysine infrrsion as r'üas the rt-lnlen aiir¡nonia level-"

Crude Fiber CF Ether Ðxtract IìE and Nitro en Free
Extract

The total quantity of CF+EE+NFE was calculated by

subtracting the total protein (W * 6.25) from the or:6anic

matter enter:ing the at:ornasttm. Total rumen CF+DD+NFE

digestibility rvas not signif icantly rlif f erent among

treatments (analyzed at 6 Äl,l , 6 Pþf or as ¿ì. set of tr+,o I¡ x 4

Latj-n Squares)" Subtraction of th.e nitrogenous component

from organic matter yieldecl a higher -1 evel of rumen

cligestibility of total. rumen CF+DE+NF'II itt the 3 gm" lysj-ne

infusj.on in response to an increased 1evel of alnmonia ¿rt

this treat¡nent l-evel-. The dietcrry non nitrogenous conrponent

lvas utilízecl by the runen ¡nicroïria1 popuJ-ation to a hi-gh

cìegree as a higit leve1 of microllial. activity rvas inriícated

,b]r a higlt rumen atnmonia lcvel .'

Abomasal Nitrogen Lewels (Tatrie l-1C)

Nítrogen reaching the airoln¿rsunr expressed as a

¡rercent of nj-trogen i¡rtake rlras not si¿çníficantly ctíff erent

arnong tre¡¡t¡nents. Tlre por:cent abornasal nitrogen at 3

grams lysine infusion r'¡as LO41L, an<1 r^.râs J.orver r^¡hen compared

Ði¡re s tibi 1i tw in the Rrrr.len Table 118
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to the other treatments r.vhich averagecl I2Jo¡o" Tlte

signif icantly hi-gher ( e(O. Of ) arnräonia 1eve1 in the rlrnlen

at ] grarns lysine per cl ay ínt:icatecl a loss of nitrogen

froru the nl.men j-n relation to nitrogen rearching the

abomasuln "



P¿rrt il . Trvice a Day l"eeding

i\nim?ìls on Part B f ieldecl 'à totalJ-1r clif f erent

res]lonse to lysine infrrsion frorr anirrrals on Part A. 1'he

rnain interac'bion rvitir the treat¡ttent lewels appearecl to be

the feecling method"

Nitrogen_ B"f:Uf"_e

'lhere rüas no si-grtilj-cant ( p(o 
" O5 ) treatment

rJifference in nitrogen balance for steers fed trvíce a day"

As the intake of nitrogen per day in Part 13. l.IaÉi

relatiwely sirnil¿rr (Ä¡-rpenclix 'lab1e i] ), ñitrogen bal ance lvas

ex,r)lressecl either as percent of absorbecl nitrogen retairred

(t'aUte J' 2), or as gralns of ni'i,ro6çen retaj-necl per clay

(Altper''-clix 'Iable 2) " Fart il nitrogen b¿r-l-ance resrrlts rve:re

anaJ"yzed irr an i<lerrtica-l nlanner as Part :\" Nitrogen

retention, e.'cpressecl as percerrt <lf allsorlled nitrogen

retairtecl , altltough non significalrt, tellded to l.re 1o'rver for

the steers on the 6 grar,r f ewel of lysj-rre-s irlf trsj-on. 'fþi s

a¡-rpearecJ to be a resrrlt of a signifj-cantly ¡çreater (f.,(O" Ol)

nibrogen loss in feces \1Ihen expressecl as a percent of

intalie rrit¡:oB€flr rvith le ss rlitro¿;en ìrt:in¡-5 allsorbed .

IJ::in:rr1r nitrogen outpr-rt rlif f <:rell.ces \r¡êr.€ non sígtrif icar¡t "

ilhe 6 arlcl 9 lìrarns ínf usion <lf 1]'sinc-' Ì)er da1. treat¡lierlt s

c',icl , hor*ewer, shorv a- s1íglrt increase in uri-narrt or-rtitrrt of

ni'br()gerÌ, .l\ cornl-¡in¿rti<>n of l-ess rr.itrog;etl ¿rbsorÌ-red, r"'íth

a. s1ißht increase in trrine nitrogen excretion, Yie-lcled ¿r.

lor,rer nitrogen ::etention for the 6 é;ram level of lysine

infusion.
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Table L2 Part B. Nitrogen Ral ance And Digestibilitj.es
Of Dry lfatter, Energy And Nitrogen

Grams lysine infused per day Standard
o36gÐrror

Nl-trogen :*E 7t+.86 76.7L 6o"tz 67 "9L 5 "95
Balance

urine No/o of t-B " 47 L7 "48 28 . 04 23.7 5 4. 18
Ni- trogen
l-ntake

Feces N',Á of z6.toa z4.4oa 28.9ob 26.Lga o "7o
Ni trogen
intake

Digestibilities (percent)

Dry matter 73.90 75"68 72.25 75"30 o.?4

Energy 73.74 75.59 72"37 75"07 o"77

Nitrogen 73.}ga 75.sga Z1.1ob 73.ïra o.?o

a) b 'I'reatment mearls within an item not shorving tlte same
superscript rrrere significantly clifferent (p(O.()5) 

"

x Nitrogen = Total Intakg N-(Total lrecal N+T,otal ,Urine N) .- r^^
Balance Total Iutake N-Total Fecal N x ruu
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Ä signJ.f icant (p<O" Or) per:ioc-L diff <¡re¡rce l{as

observecì f or t-rr:inai:rr nitrogt:rr outl;ut, The period ef f ect

could possi'lt1y Ìr.awe l>een attribr.rtable to the dilfererLt

metJ,rocl of urine ccllection used for Irerio<l s I ztnri fi,

versus l)eriocls f I.[ ancl IV" Urine for Periods I ancl -JI

r{as collectecl in the metabolísm crates, rr'hi1e irr:ine for'

perio<ls III and fV rv¿rs collecteci irsi-n¿'; the urine coliect j..on

apparatrrs rvlrich had 'tree¡r collstrrrctetl a.rld ttsed ini tialJ 1' f or

Part A. ¡\nother: lros.sibJ-e explan¿rtion cotrlci have been ¿Lr-t

anirnal ¿rße or \,rei¡:;ht resporrse to the lysine inftrsetì, the

periods havin¿; been dj-fferent 'lloth for a{ìe and rvei¿;ht of

anilrual s "

i\pparerìt cli-¡1e stibili¡ j-c s r>f clry ¡ratter and enerÉiy

u¡ere .sirnilar ar¡rong tre¿¡"tiuents ¿rl1d non sigrlifíca.nt.

Apparent nitrogetr cli¿çestibílitv r,,as significartrtly (i'(O"05)

lorn'er at the ( grtt:rn level of lysine infrrsion,

¡\ significa¡rt (pcO" O¡) perit-rci effect rvas ol¡served

f or clry m:r'bter ancl er1e1'gy a¡:i>arent <ìj.gestibil j-ties.

Period s I ¿¡.nd II rrere sigreif icantl¡r ( p (t-t. O¡ ) higher than

Periods I-tI arrd IV. I-trrring l)eriocls I and II the animal.s

rrrere kept in metabo-lisr¡t c::ates to collect feces ancì trrine.

Ì-or Pe::iocì s -tfT and IV f eces and urine lvere collected r.,'hen

anirnals rrêFê stanclrionecl an<1 stood on a ::aised p1a'bf orm"



Aboriasal .¿imin_o Acids

As ruith Part It, e¿rch anino aci<1 as a r,lolar percent

of total- arnino acicts reaching the abo¡nasurÍÌ r{as caf culatecl

excluding seríne irr the a¡uino aci<l total (f'aUf e 13 )" No

siglificant (Ir(O"O5) ciiffere¡rces r¡ere notecl for treatments,

perio<ls or aniurals, The inolar perce:rt of abontasal a¡riino

acj-ds for Part B" ancl ùhc rnolar percent al:omasal atuino

acids for Part ;i. r^rere sinilar. Lysine exhibited the

greatest inc::ease ¿lrrìong the essential amino acids from r.ìiet

to aJ:omasuln. I'iost of tlre other: essenti¿r1 atriino acicl as a

lnolar percent in the abomasum had sligltt incr:eases or

cl ecreases relative to the ¡no1¿rr itercent of clieta::1r amj-no

acids " lrlon essentj.al- anri-no acids in ttre ¿rbornasura general ly

exhil-¡ite<l ¿r decrease in lnolar lrercent rel¿rtiwe to the cliet

except f or as¡rilrtic acicl , gllrcine a¡r<i tyrosine which

exhibited an increasecl ¡nolar ¡,rercent of total amino acids

f'rorn cliet to aborrasurn. llroline had tlte greatest rerluction

ín ¡no1ar ¡rercerrt fronr <iiet to ah;om¿r"..ui , ÐxpJ,anation. fo::

the cystine difference \{as the salì1e as has been noted for

Part A. Nitrogen reachin¡; the al¡om¿rsum r\¡as enrichecl by a

greater rnolar percent of essential ar.rino acicl s ($-44';L) in

the a'bomasrrrn, ('Îat1 e 17 ) relatiwe to the rnolar percent in

the diet (lZ.z1L) (taure 4). t)ietary and abo¡nasal

calcu-l atíons rüere cornputed rrsing the salne al.lino acids in

each total.
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Table 13 Part Bo Amino acids in the
percent of total amino acicls
serine) sarnpled at 6 r't}1l.

abomasum as a ruo1ar
present ( excJ-u<ling

Grams lysine lnfused per day 'Standard
Error

Lysine
Hi stidine
Arginine
Threonine
Va]-ine
Me thionine
I sol errcine
Leuclne
PhenyJ-alanine

Aspartlc Acid
Glutamic Äcld
Proline
Glycine
Alanine
Cystine
Tyro sine

6.o5
2.OO
2.97
5.50
6 "t42.24
4 .83

rL"36
4 "ltt
g,85

L6.tg
6.88
8.8 5

LI.66
o "36
3. 38

5"50
L.42
2.87
5.70
5"88
2.39
4,gr+

to.37
4.zL

g. B8
L5.56

7 .59
8.60

11. /+9

o.18
3"56

5 .22
L.56
2.85
5"37
5 "732"38
4.26

LL.32
4 .26

LO.32
15 "37
7.80
8 "2211"28
o "23
3"34

5.85
1. 48
2 "98
5.30
5 .90
2,33
4.88

LL "334.3t

9 "7915, 48
7.OL
7.95

11.C7
o"27
3 "44

o.74
o,20
o"17
o "r7o;15
o"10
o.1¿
o "34o"08

o.43
o "44
o" 61
o .29
o.28
o" 10
o. 09
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Plasrna A¡riino Acíds

Treatrne¡rt rne¿ìns rrrere rrot signif icantly cliff erent

(l(o.of ) for eaclr p.lasma arnino acj-cl artaJ-yzed (tat -te 14) 
"

þ'or the amino acicls arg'inine, met}rinnine, letrcirte,

phenylalanine and tyrosine, the treat¡nertt variation ruas

significant (o,f o<P<o"15) (tante 15). I)rrnc¿rnrs I'iu1tip1e

Range test analysís (l'(O.05) revealed a patter¡r f or the

arginine, phenylalanine ancl tyrosine plasma 1evels, Ttre

6 grarn lysine irrfusion lrlasrna values for the th:ree amino

acids inclicatecl \{ere signj-fìícantly <ìifferent (p<<1" O¡) fron¡

the 9 ßrarû 1ysine infrrsion plasr,ra valrres, rvhj-1e neither

the 6 I'rarrl or ! grarn lysine treatrnent leve,ls r.letre

significantJ-¡r clifferent front zero or lJ p;ratns lysine

infusi<-¡n. A possj.ltle r:elationship rvith the non

significant ::edrrcti-orr of nitrcigen ba. lance at the 6 gram

1-ysine leve1 ¿¿ncl signif icant (p(O. 05 ) reriuction in nitr-ogen

<.ìi¿çe stirri-1ity rr'as índicatecl "

Plasrna histidine, gJ-utarnic ¿rcid ald cystitte were

signif icantly rÌif f erent ( p(O 
" O¡ ) f or periocls . For Periocl

IV the histi<line 1eve1 r+as si¡ini1. icant-1-y hi¿1her (f'<O. O5)

tÌran tlre <:ther i.reriorls (6.25, 6.43, (t.Ì+2 ancl 7 "62 u tnoles

per J-OO ml . plasrn¿r f or Periocls I, II, III arrd fV,

resllective-1y). Plasma ¿;lut:riníc acicl for Periocl IV

signif icantly 1or^¡er (l¡<O. O¡ ) than Periocls I ¿rnci f I,

not beirrg sÌ6nif icantly <lilJlerent frorn Perio<i Iff (

70"91+, 8.43 ancl 7.)5 u noles pel:1oo rn1 . plasma for

\fâs

lvh i 1e

LO.97 ,

Per"iocls
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Table 14 Part B. Plasma Amino Acid.s (umoles per 1OO mL plasma)

Grams l.ysine infused per day Standard
Erroro

Essential
r\mino Âcids
Lysin.e
Hi stí<line
Arginine
Threonine
Valine
Methionine
I soleucine
Leucine
PhenylaI-anine

Non essential
Amlno Acids
Aspartic ¡\cid
Glutamic Acid
Proline
GI-ycine
Alanine
Cystine
Tyrosine

8.87

3:\l*
7"81

L7 "351. 01
I, 07

L5.46 -

5. OgaD

4.rz
9 "776.53

23.L4
15 .22
T.6L .
6.zLan

9 "82

3:L?,""
g 

"7L20.39
1.58
9,81

18.70 -

5 " BoaÞ

3.9L
10" 54

6 "9r24.9o
16"80

2:?3""

8.65
6.84-
g .34D
9 .3c)

2L . Lç9

L.90
9.go

't".lI"

4.6o
B. g1
7.70

24. 08
L7.22
r.62-
B. 07D

9,06
6.)r^
7 .2r^
7.72

16. 04
1"J-O
7 "48]-5.36 ^4.82o

3 "97
8 .52
7.24

2L.97
Ll¡ .66
2"06
5.g24

L.07
o.23
1" 05
o"68
2.79
o,23
o. 87
L.74
o.50

o" 50
o" 78
o, 91
1" 48
r.\.2
o" 30
o.56

Orníthine
Ci trulline
Taurine

4 "73
3.L7
5 .35

5.54
3.4r
4.L5

4"6L
3.28
4 "35

4"59
4.t6
3.77

o"86
o.54
o.l+9

TOTAL ÐA¡l xx
TOTAL NDAA xx
TOTAL AA xx

78 "go
68 "gs

r47 "83

9C ,54
70.51

L6L " 05

9 5.79
72.20

L67 .gg

75.OO
64.32

L39 " 32

6 .88
3. 08
8 ,88

a, b Treatment means within an itenr not strowing the same
superscript r,rere significantl-y different (p(O.t)5)
by way of l)uncanf s Mu1tiple Range lest.

AA - Amlno Acids; I¡)AA - Essential Amino Acids lysine,
histidinen arglnine, threoníne, valine, methioníne,
isoleucine, leucine, phenyJ.alanine; NÐAA - Non essential
Amino Acids exclucling ornithine, cltrulline, taurine.
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Table L5 Part B. Plasma anino acict lewels (umoles per 1O0
ml" plasma) having exhibited analysls of variance
significant (o.f o(e<O,15), and Duncanr s Þful-tiple
Range Test significant (p<O"05).

Grams lysine infused per day Standard Pl*
o36gÐrror

Arginine 8.J9"b 9.o4tb 9.34b 7.l:'a 1"05 o.10

Methioníne 1" Ol L.58 1.9O 1,1O O.23 O"Lz

Lerrclne r5.t+6 18"70 21..5L 1.5"36 L"74 o"15

phenyraranine 5.o9ob 5.Bo*b 6.77b 4.82a o.5o o"12

Tyrosine 6.zLub 6.t3^b 8. ozb 5.gza 0.56 o,Lz

ae b 'Ireatment means rvithin an item not slior*ing the same
sul)erserl-pts r{ere significantly different (P<O.05)
by way of l)uncan's ÞIultiple Range Test.

:r€ F value for the analysis of r¡ariatlce was significant
(t, * ; o.1o (* (o"r5).
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Ie If , IIf and fV, t:espectively), Cystine irerioci

variations revealed no consistent response relatiwe to

other arrrj-no acids founcl sígnificant. Ani¡nal r¡ariation

for histidj-ne an<l arginine, aLthorrgh significant (p(O"05)

did not yiel-ct a unifornr response,

Analysis of total essentj-al- a¡nino acids, notl

essential aruino acids, ancl t<¡t¿r1 a¡nino acids in plasna

yieldecl no sigrrif icant treatrnent clif f'erences. Means f or

animal v¿¡,riation for total non essential a¡níno acícl s vrere

significantly ciiffererrt (p(O,05). Essential arnlno ac ids

in pJasma as ¿r nolar percent of total plarstna anino acicls

( excl ucting ornithine o citrulline ancl taurine, plus serine

rr'hich was not analyzed) rvere rtot significiently cliff'erent.

?l:e higtrest valrres for totat. essentia.l alirino acicls ('taUte

14) r.rere obser:ved rvith the 3 {pans and 6 grams lysine

infusions. The rnolar percentage cf essenti¿r.l, amino aci<ls

in plasma exhit¡j-tecl an increase over the molar per:cent of

essential- ar;rino acicls in the abor¡asum (averages of 551L

and 4Ltfu tor pJ-asrna ancl abomasal l.evels rcspectiwely).

The mol.ar percent of plasma aninc acic!s (having

excludecl ornitlrínc, ei tru-t-l-ine ancì taurine 1n the totaJ- )

r{ere si¿çnificant (p(o"10) in several cases. The moJ.ar

percent of pl,asrna netirionine o 1-eucine and cystine were

signif icant (p(O" 10) by analysis of r¡ariance ancl lluncanr s

llu-l tiple lìange te st ( P4O . O5 ) . The nolar lrcrcent of plasma
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'Ia'ble 1,6 Part ÌJ" Plasma ilruino acids as ¿ì

amino acids excluding ornithinet
taurine (sarnplect 9 Alf ),

percent of total
citrulline,

Grams lysine infused per day Standard
Error

o

Lysine
Hi stidine
Arginine
Threonine
Val.ine
Ivfethionine t{
I so1 euclne
Leuclne l€

Phenylalanine

Aspartic Acid
Glutamic Acicl
Proline
Gl¡rcine
Alanine
Cvstine ]€

ryro s j-ne xtE

6. oB
4 "62
5.63
5.27

]-L.69
o"70a
5.46 ^LO,3go
3 "47

2.79
6.85
4.16

1-5. B1
LO"'ì2
r. ó51o
4.zro

6.o7
4 "zo
5"65
5.36

L2"55 .
o "g7^o
6 "06

r1 ,6oaD
3 .60

z"l+3
6"54
4"3r

75"55
1O.50^
o.800
g, B3a

5 "L54.t3
5.63
5.57

'?""17"
5 "86.

t2.z 5o
4.o5

2.77
5.zz
l+,65

]-4.32
10.2i
o.943')
4. goD

6 .4r o "634.jt o.r5
5.L6 o.22
5. 52 O. t-6

'å:åï"o 3.i7
.ï.3ï"n 3.?4
3.45 O,27

2,77 0.37
6.18 O "655.23 0"36

l-5,73 1. 03
ro.57_ o.55
1.54'- o"18
l+.26u' o.L7

a, b Treatment rneans within an ite¡n not sltowing the salne
superscripts were significantly clifferent (l(o.05)

Treatment Analysis of Variance was
(p(O.05), while Duncanr s Þlu1tipJ-e
significantly different (n(C.05).

Treatment Analysis of Variance was
( p(O 

" 05 ) , I)uncan' s Mul tipl e }lange

not si6çnificant
Range test r+as

significant
test (p(o.05).
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methionine and l e r.rcine !üere signif i cantl.y higher (l'(O" 05)

at the 6 gra¡il levc1 oî l).sine .infusion th¿rn tl¡e zeÍ'o gram

level- of J-ysine inflrsíon " Neither the 3 gran nor the 6

gram 1evc1 of lysine j-nfusion r¿as significantly different

frcrn either the zeto gram or 9 gran leve-l of lysine

infrrsion" The nolar perccnt of plasrna cys;tine at the 3

grani Level of lysine j,nfusion rr¿ìs si¿lnificantly 1o\n'er

(p(O"05) than the ! grarn lev<¡1 of lysine infrrsion r"'hile

neither level rv¿rs significantl¡r idfferent fron the zer.o or

6 grarn -1 evel of lysirre infusíon. Only the molar pt.:rce nt

of, plasrna tyrosine trras si¿;nif icant (p(c" 05) . The zero

and 3 granr treatnrents f or tyro sine \.¡ere signif icantJ y

l-o',+er (p(o.05) than the 6 grir.ms lysine infusion but not

the 9 grams lysine ínfusion. It shorrlc!. be ncteC that

compilring the molar percent of t-vrosine bet'iveen al¡ornasal

and plasrira in Parts A, an.<l B., only P¿rrt B" hacl a. hi¿;trer

molar percent in plasrna re-l-atíwe to abornasa-l eontents"

Abomasal ancì plasma tyrosine in Part A. rvere 3.1+6u 3"35;

3"44, 3.37i 3"26, 3.23; and 3"33, 3.22 for abomasal and

plasma tyrosine lcvels as a ¡r¡o1ar pcrcent of total a¡¡lino

acids, respeetír'e1y, for On 3, 6 ancl 9 grams lysine

infrrsedr r€spectívely" I¡or Part B. ¡r1-¡omasa-l. ancl

plasma tyrosine were 3"38, I+.2Ii 3.56, B.BJ; 3"34r 4.8O;

and 3"41-+, 4.26 f or abornasal ancl pJ-asna levels as a molar

pereent of tot¿r1 plasma amirro aci<l s for O, 3, 6 ancl 9 gr."^ms

lysine infused r T€spectively, An irrteract-ion t'ith the

type of feecting regime coulcl possil>1y havc been inriicatcd"
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Significant (f,(O,O¡) periocl clifferences of plasrna

amíno acids ¿rs a molar percent of total amino aci<l s v¡ere

noted for histi-dine u arginine and cystine rvhile a¡-rimaJ-

clifferences were si¡çnific¿rnt (f.(O"'J5) for arginine,

tlrreonine and tyro sine . No corrsl stent pattern c¡f

interrelaticnship alrpeared amor.ì.él period and ¿rnimal value.

Rurnen Ammonia ancl Volatite f¡attv Ací<ls (VFÂ)

There 1râs lto significant difference amorrg

treatnrcnts f or total VF'¡\ expressed as m mol-es per lOO rnl "

of rumen fl-uid or as a molar percent of each individual

VFA (Trrble -'l-OB ) " Jlumen ar¡rnonia Iewel s rt/ere signJ-f icantly

(p(O. f O) cliff erent, whl-1e l)uncan¡ -* Ilultipl e Ììange test

índicated a signiÍìicant (ir(O,O¡) response. The higtrest

value, 16.2 mg. ammonia per' 1OO m1 . rurnen- flrricl at 3 grams

lysine irrfusion per rlay was signif icantly cliflf erent ( p(O. O5 )

from the lowest valrre of 7I "9 mg, a¡nmonia pet: 1O0 rnl. rtlmen

fluid at the 6 gram lyslne irrfrrsicn, rvhile neither rvas

sigtríficantly difìferent fron zero or 9 grarrls J.ysine

lnfusion (tZ.Z ¿rncl J-4,7 rng, amrnonia per 1OO ml-, rumen

fluict respectively). A patter:n similar to that in Par.t A.

lvas oh¡served, but possíbly the tir¡e of samg>ling (10 hours

post feeCinp; at 5 Plf) resulteC in Cifferences in Part B.

which were not íìs lnarkecl ín response to the lysinc infusion

in Part A.
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Table L7 Part B, Essential aml-no acids as a molar percent
of total amino acids

Gralns lysine infr.rsed per day Standard
Error

9o

Plasma itt

abomasum t{]{

53 "30
43 "45

56.05

43 "t6

54"50

45. oo

7 ,63

o.7 r
57 "a6

41.44

!}E }E

Table l-8

Excluded ornlthine, citrulline,
anal¡r2s¿ ) .

Excluded serine"

taurine (serine v¡as not

rumen (f PM) ancl
trogen (nuu - 24

Part B. Ammonia
pJ-asma (g Alf) and
hour avera6le )

]-evels l-n the
blood rrrea ni

Standard
Errormg/roo rnl-. o 96

Ammonia
tfrumert

p1-asma

BUN '{:Tf'

L2,7ub
o.13

10, O7A

16.24
o.10

g .62[ll

11-.

oo

9"

9b 14.lab
11 0" 10

53AB 9.LgB

o" gg

o, 01

o. 19

Treatment means were significantly dífferent (ft(O"lO)
Duncanr s Multiple Range test (p(tl. O5)

Treatment means rvere significantly different (p(O,Ol).sg
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Bloocl tlrea Nitrosen ( nuw) (taure l-9 )

An¿i-1ysís of RUN over 24 trours incllcated quite

clef iníte pattcrns f or aJ-l treatmerrts (Fi gure 2) . t.he

zer.o gram 1evel of lysi.ne infusion yielded the most

biphasic pattern in rel¿rtion to times of feecling (i ,{.M ancl

7 P¡,f ) " I{ith eac}r subsec¡uent increase in lysinc infusion o

the pattern beca¡ne less r¡arked" Þlach successive aCdition

of lysine per. infusion (Figure 2) resultecl in arverage

values oa/erî the 2l+ horrr periocl 'rvhicll were slgnifìicantly

lorver (n(o,01) for ISUN (llatrte r-9) when analyzed as a set

of eight l+ x 4 Latin Sctruares, eacir tirre períod being an

indir¡idual- Latin Scluare. The 9 gram treatrnent (9.L9 mg.

BUN per 1OO ml" ;>lasnra) .u^" signiJlicantly lo¡ver (p(O,Of )

than the zero éirarn treatnent (1O"O7 mg, IIUN per IOO n-l"

plasma), rvlrile ncither r.'¿rs sJ-gnif icanily clifferent frc.m tlre

3 and 6 grarìi treatmcnts (g"02 ancl 9"53 mg" RUN per l-oO m1.

pl.asma r F€ s¡:ective,r-y ) "

r\nalysis of eacli individual time perioC for BUN

data was nct significantly dlfferent. When analyzed as a

set of eight 4 x 4 Latin Sc¡ua.res zr. significant (p<o.Cl)

treatment r,,'as observed " Treatment aver¿rßes for BIJII are

presen.ted in l¡ißure 2 and Figlrre 3b" Results in F'igrrre 2

were extrapolatecl from 5 ¿,1:'{ to 9 Al'l in orcler to inciicate

a tota1 24 hour effect. Only one santple rr'âs analyze<l at

the 9 Af'f time períod, the one result having been trse<l

tr*ice on Figure 2 at each leve1 of lysine i-nfr.lsion.



Table L9 Part B" Blood
over a 2l+ hour

_ 85

urea nitrogen (ng./j-oo m1. plasma)
collection period,

Grams lysine infrrsed per day
Time Standard

Error

6 AII

9AM

L2 NOON

3PM

6PM

9 Plf

L2 PÞf

3 AI\'f

9,57

11.3O

1.O "L7

9 "20

9 .50

LL"42

9.72

9 "37

8.97

LO.55

9.35

9 "95

B "7'J

Lo.97

9.30

9,07

9.40

LO.25

LO.7 5

B "35

9.92

9 .27

lo. o0

8.30

I "85

9.60

IO.10

B"B7

8 "72

9 "70

9.o5

8.60

o "97

o "97

o.57

o"41

o,7o

o.65

0, g8

o,8 5

OVERALL to" o7l\ g.6zA8 g.53AB g.rgrl o.19

A, B Treatment means not sleorving the same superscri¡rts
were significantly different (p(O.01).
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.¿\bomasal- I¡¿rctors

Rurnen org;rnic rnat'ter cligestj-bilitl" total rullen

crucle fíl.¡er + ether extract + nitrogen free extract

ciigestifrility an<l nitrogen reaching the allonlusu.nl rrlere

determíneci rrsing cirrontic oxicle as a rnarl<er ¿rni are

report ed indivicltrally "

Iìumen- Orga¡ric f.iatter Digestibility (Table 2O)

Organic rnatter ( Ot"t) inclucled protein (nitrogen x

6,25), cnrcle f j-ber, ether extract a¡rtl nitrogen free

extract but exc1ucled the ash portì-on which was íncltrded j-n

dry rnatter cal-culations " A.bornasal sa.lrriiles arnal-yzedg

inrlicaterl that at 9 Al'{ the nrmen OII.I digestibility rvas

signi-ficarr.tly lorver (p(O, O5 ) f or the 9 grîaÍi treatrnent

(2t"53"1L) th¿rn the O, 3 ancl 6 gram treatrnents (56"O9'iL,

52.I3',L anð. 4i-.53io, respecti-vely) " Incr:easing the Level of

lysine inf'rrsion api)e¿tred to lorver rurrren OII digestibility.

The rumen OiiI riigestJ.biJ-J-ty at () grarns J-¡rsirte infr.tsion was

slightly lorver rel-ative to the zea^o an<1 3 gráìtn 1evels of

lysine j-nfrrsion, The above ci¿rta rcferrecl to the 9 AÌ',1

collectiq¡r time only.

Änalysis of nrmen Ol'f diges'i;ibility as a. set of

ei¿çht 4 x l+ Latin S(Ìuares rri:rs significantly (p(O"1O)

diff erent for owerall tre¿rtroent rneans (t.ittte 20, Figure lttr).

IJuncanr s Ì'{ultiple Rernge test (t'(O, 05 ) on overall rtrnen Olt{

dige stibilit¡r yieldecl a siriril¿rr rle sponse to the 9 ÄÞI



-89

Table 20 Panlt B" Percent organic
the :rumen (excluded asho

matter dígestibillty in
inclucled protein).

Grams lysine infused per day Standard
Erroro

6 alq

9AM3É

12 NOON

3PM

6 PtvI

9PM

L2 PM

3AM

37.45

56.o84

48.71

4o "27

33"or

44 "93

33.42

38.09

4s "9t
52.L34

56 "38

J4 "L7

38"52

52.87

20. 01

42"7o

36"22

4L.5i^

22.53

20"60

39.L5

4g.gs

32.60

4g "o9

33.78

2L.53b

3r "20

29.OL

3o.42

47.t3

3r.43

T.49

7 "65

4.72

72.84

L) .29

13 "87

5"45

1o. l+o

7 "64

ltx-

ovERÂLLxx 4t.4ga 42. i7^ 36 . hTub 32 . z5r' 3. 09

Ànalysis of Variarrce was significant (p(o.Cl)o I)uncan's
multiple Rernge test r{as significant (p(O"05)"

lreat¡rent means Ìì'ere si¿¡nificantl-y different (p(o"1o)
I)uncant s lrfrrltiple llange test was si-gnificant (p(O" O5 ) "
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o, b, c,d Signif iccntly Different (P<0.05)

Figure 4 Orgcnic Mctter Digestibilily

Figure 4 b



cof J-€)ction titne. Iìurnen OI.i ciigestibility f or the 9 gran¡:

treat¡nent (lZ " 25','') r¡as signi r-icarntly .Ior.,,er ( p<o. o¡ ) than

the zero (4t " 49';A) ¿rncl 3 (l+2. 57',:") grarn tre ¿rtraent s . Rrrrnen

OIÍ <ii-gestibility f or the 6 gr¿rm treatnent (Sø.\'i',o) was

interr¿e<iiate ¿r¡rd no t signif icantly d j-f f eren-t f rom the

other t::eatrnents.

To tal C::ude l-iÏ:er CF Ðthe:: IDxtrarc t Dtr and Nitro en tr'ree
Ðxtract

Total CF+EE+NFD r1¡as calcul-ated as the nort

nitrogenous cornlronettt of total- organj.c rratter" The

resr:1ts <.¡f CF+Iiil+NtrIl <iig;e stibi1-ity j-n 'Lhe rumen

dernonstrated a Inore consistent respon.se rvith l'espect to the

utiliza'uion of the carbohyclrate por:tion <¡f tlle ciiet in the

runlen, ììumen C!'+IiIì+I'rFI,) <ìi-gcstibilitl' calculati-on

¡:roviclecì a nearÌs of accorr:riíng for the hi¿çhly variatrle

output of nitrogen fro¡n the runen as irrrìiç¿¿ed b-rr tlre

1eve1s of nitrogeli reachin¡; the abomasum.

There Iúas a signif icant ( p(O 
" O5 ) tre¿rtraent ef f ec t

for CI¡+Iìiù+NFD digestibiJ-it¡r in bhe rurnerr at the 9 AþI

collection t j-rne. Increasirrg 1er¡el-s of lysine infrrs j-on

clecreased (p(O" O5 ) rLrnlen CI¡+Ðlì+l{FE <1igc stibility to 34.7t'lL

at the 9 grarn tre¿rtrnent 1evelr âs c<>rnparecl to tlre 0, 3 and

6 grarn treatrne¡rt s rvhj-ch l{ere 62 " 53|", 62 nIB ancl 5lo,9zrL

respectively for Cl'+EIì+Nl¡E cligestibility in the rumen.

.Anal.ysis of overall 'r,reatmç:nt rrreans for runlen

CF+EIì+IIFE dige stibili ty as a set of eight !¡ x 4 Latin

Squares rras not related to the w¿r1ues observecl at the 9 AI"f

DiEestibilitv ín the Run:en Table 2I
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Table 2L Part B, Percent digestibility of crude fiber, ettrer
extract, and nitrogen free extract in the rumen
(excluded ash and protein)"

Grams lysine infused per day Stan.clard
Ðrror

6 ¿,r.r

g AI.l ìú

12 NOON

3PM

6 pþI

9 PI{

L2 PI'f

3 AI''f

47.1+o

63 " 534

56 "64

4z "62

\s.26

54 "e,L

4s. ss

45 .62

52 "82

6z.t}a

72 "34
t+6 "oz

4g"sg

62.4o

34.L9

54 .22

45. zo

50.g24

32 "\3
29 ,5r

4z "eg

58 "27

42.24

58. B9

43.o6

34.7tb

39.35

36 .27

39 "L4

55.93

41.51.

4s "62

7 .52

4 .66

T3.L7

1&"89

L3"33

4 "44

9 .44

6 "9t

o\TERALL¡r3t 5o.65ub 5Lç "}za 45.7 3ub uz. zob 3. oB

¡f :Ë

Treatment rueans r{ere signiflcantly different

Treatment means were significantly different
Duncanr s ÞIu-ltiple lìange Test was signíficant

(p(o.o5).

(n(o. ro) "
( r.<o. 05 ) "
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collection tirne " Owerall tre¿rtment r,le ans f <lr rllrnen

CF+EÐ+NII'D cli gestibility rve::e signif-icarrt (p(O" 1O) accorcling

to the analysis of vari¿rnce and l)trncanrs ì4t-i1tip1e I'.ange

te st (fr(O. 05 ) . lìunen CI¡+EÐ+ÌrI''E <lisestibility at the 3

grarn lysine tre¿rt¡nent (-14 " ZZii) rvas si¿1reif icantJ-y hig;her

(i'(O.OS) tl¡arr the g urarn t::eatment (,t2.z)cii'), rrhil-e neither

resuJ.t r,¡as significantly clifferent frol¡r interttrecliate

valrres f or the zero (5o "e 5',L) ¿¿nd the 6 (45 "ZS',1) Étra¡n

treatments. Owerall treatnient ¡Ìleans for rumen CF+tr1Ð+NliD

dígesti-bi1it1' yielcled a -.iní1ar pattern of resJ)on.se to

that of rìlnen amrnonia levels (Tatrle 18 ) rn'ith the 3 fìrarn

lysine treat¡nent havin¿ç the highest level for runen ¿rrnrronia

arrd rumen Cl'+EIl+Ì'IFD digestibì-1ity (t6,Z rxg. arirmonia per 1OO

ml-. runerl fi-uicl a¡rcl 54.zO')L rumen Cl¡+DE+NÞ'Ð ctigestibility,

respectiwely). A higher nlmen aniuronia leweJ- corrlcl hawe

been rnore conciucive to nicro'bi¿r1 use of CF+iill+NFD, mainly

as car'boh¡rdr:ates (Cf +ilnn), as an enerrgy soLrrce f or

metabol.ic processes"

r\bornasal Nitroßen ('taUte 22)

N'itr<l¡4en reaching the al¡ornasrrn expressed as a

percent of intake nitrogen rvas hi6irly varialtl-e r^¡itltin

treatrnents f or each. collectíon time. There trì'as a-

s].gnif icant (p(o. o¡) treatrnen¡ response for nitrogen

reaclrin¡.1 the ¿lbontasum at the 9 ¡\ì4 col-lectío¡r ti¡rte" 'Ihe

9 grarn lysine infusion (fZO "7I'þ an éì.veraé{e of 247.85'¡L,

177 "2O'þ, 128"J\'iL and A29"O1!o for Periocls I, If , IiI and IV',
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Table 22 Part B. Nitrogen
percent of intake

reactring the aL¡omasum as a
ni trogen "

Grams l.ysine infused per day Standard
Drror

6¿u
¡59 AI"l --

L2 NOON

3PM

6PM

9PM

L2 PM

3 AI'{

r32 "L4

96 . o4a

106.7O

LLO "gg

r42.20

L24 " 18

151,48

rL6.28

108.04

1o4. 534

1 41 .86

l36 "96

LzL "3L

ro7.22

L56 .68

125 . 07

L25 "95

r23.OOab

L46 . 06

140.48

t46.42

LO7 .59

L37.48

LLB.67

L3L "L5

17o.7Lb

L25 "83

121,80

L3rJ,59

_1-14 " 48

r53 . 07

ISL " blt

1O. 09

]-4.27

1'4.7r

18"38

27.66

LO.57

L9.(ru

L5.6L

OVERALL L22,50 1"24 .44 L3O "72 L37 .39 6.53

Treatment mea¡rs were significantly different (f'(O.o5),
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respeetively) ru.s hig}.est for'-l-eve1 of nitrogen rearching

the aJ:cmasurn, and. rvas signifìicantl¡r cl1fferent (p(O, O¡) from

the zero (96"o1+/,\ ancl 3 (f o4.fijL\ gram lysine influslons,

The 6 gram tre¿rtment (lZl"OOI") yieJrlect an abom¿rsal lewel of

nitro¿¡en rvhich rras not si6nificantly clifferent from other

treatments. J)eaks for abomasal nitr:ogen rvithin treatnents

exhíbitecl sonte rreasr.lrre cf variation, although the peaks

appeared to c<.¡incicle (Figrrre 6") 
"

ïncreasing the level ¡¡f lysine j-nfusion increased

the 1eve1 of nitrogen reaching the abomasum r.¡Ìren. exl)ressed

as a percent of intake nitrogen (tZZ"\CiL, 122"41¡oþo 1_3O"721L

and L37"j9lL f <tt treatments C, 3, 6 and g gram.s lysine per

day respectivefV) " liithin treatments, val-tres var:iecl

consicleratrly" Overal 1 treatment rnoans fo¡: nitrogen r:eaching

the ¿¡.bornasu¡n anal-yzed. as a set of eight 11 x 4 Latin Squares

l{ere not signlficarntly diffcrent.

Co]-lection Tj-me Periocl \rariatior.r

The ternr coll ection tl-rne periods ref ers to the

indiwl-clual collection time s at tlrree hour inter.vals over a

2l+ hour clay" l{esul-ts for tlme periocl anal-ysis tset:e hi¡;hJy

variable for the forrr parameters strrdied over a 2!+ hour

time period (organic matter ancl CF+IìÐ+NFE cìigestibiJ-ity 1n

the rlllnen, uitrogen reachj-ng the alro¡nasrrm ¿rncl blood urea

nitrogen). Va.l ues at e¡r.ch time period averagecl across

treat¡nents gave an indication c.f the diurnal variation
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Table 23 Part B. 'frventy-four trour" analysis factors
Organic matter (OU) dfgestibj-lity in the rumen,
Total Crud.e Fit¡er (Ce) + Ether Ðxtract (fin) +
Nitrogen !'ree Extract (Nfn ) aigestibility in
the rumen, Nitrogerr reaching the abomasum as a
percent of intake nitrogen and blood rrrea
nj- trogen

Collection OM

time Digestibility
CF+EE+NFD

Di6e stibi1.í ty
Abornasal
Ni trogen BUN

6 Rl,r x

9 Alr

12 NOON

3 Pt"l

6PMx

9 Pl''f

L2 PIf

3 A!Í

37 "B4ub

4z.Bjub

3g.72ub

31. Olcb

35.27^b

48 "7zud
zg.36b"

4o. g4tb

47.Lz^b

52.B}ab

50.Lgub

39.87b

45. ogtb

57.854

¿+r. 5ob

5L.L5ub

1,24.32^b

L23.57ub

13(),11ac

L27 ,51^'
L35 "144c

111-. B7^b

rt+g "68c
L27 .87^"

g . zoÃ^

ro" 43Bb

rr).098b"

g.o9A^

9.zl[^
10 " 34Bb

9 .5z[u
8. g44"

Standard
Error

4.37 4"35 7 "80 o,27

at b

A,B

Collection time means within a column ¡rot shorving
tlre san¡e superscript rvere significantly different
(p(o"05).

Collection tirne means wlthin a column not showj-ng
the same superscrlpt were significantly different
(p(o,01)"

Animals rr¡ere fed 7 AII and 7 Pl"l.
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eir.corrlltere(1 lsith ¿ln aninal feci trr¡j-ce daily (Fi¡1,rres 3a, \a,

5a ancl 6") " Bloocl Lllrea nitrogen (Fi¡':trre 3a) r,'ith steers

f ed trvice a <iay rvas tlre t:lo st unif ornr anci peal(e(1 f o11or.rin61

feed irrtariier (J 41.1, 7 i)lI), Iior tlre other three Irarallreters,

rulnen orgetni-c rratter clig;estj.trrility ¿¡"nrl CI'+I')E+NFÐ

c1 igestj-b:LJ-ity in tlre rlttretì a:rd nj-trogert reachin¿; tlre

abomilsrrln, resul-ts rr¡ere not consistent lletrreen the trr'o

trvelve horrr i;eriods, 6 r'\lf to 6 P]1 and 6 P¡í to 6 Ai"I. The

interval 6l\i;I to 6 llli Ìracl a patterrr of ru¿¡-xirn¿t ancl r,rirtirna

as rnrês expectecl f o11o\\'infi the 7 :ii'í f eecÌirrg time,

Ol¡servatiorls rnade follorr'ing the 7 l)II fe-'ecl ing f lr"rctrrated

consid.erably rrlolre rritlr regarcì to the s¿ìnte p¿lrameters.

N:Ltrogen in tite abornasura as ¿ì lrercent of intal.le nitrogen rras

most wari-able rvithin botl-r trvt:lwe hoirr" lierr-ocìs. Data on

c<¡11-ectiott tírne p,erj.ocì v¿-rriation i s J)resetrte<1 in T¿Lbl- et 2J

ancl Fi¡3ures Ja, 4u, 5tt ¿rncl 6a"



DISCUSSION

Part Â. Continuous Feedinß

Pure corn protein (zej.n) t" usecl by E1y ot .1.

(t962 ) and l*lcDonald (tgSt+) corrtaíned arr insufficient level-

of lysine ancl tryptophan f<>r growth of monogastr:ic animals.

The lysine content of the cliet used in the ¡rresent

experiment was relatively lorv 1n lysine at o,281 (f OO9á lry

Matter) as a percent of the total ciiet (2.23io of the total.

amino acicls designatecl as dietary sources of {-amino

nitrogen). Alttrough tryptophan r{as not anal yzed, it was

a1 so considered to be lorn¡ in tlre ctiet. Ler¡cine r{as

present at the trígÌrest level (f "5OS?/. of the cliet, lOO]å Dry

Matter) and could have inflrrenced rritrogen retentj.on of

steers through competition at absorption sites in the small

intestirre 
"

The expected díetary deficiency of lysine woulcl

have been suppleruented by the lysine infusion to ttre

abornasunl and the rqolar percent of lysine rvould hawe been

increased in the ¡¡.bomasr-rm, Ll¡sine as a molar percent of

total anlino acicls in the aboruasur¡r increase<l the g¡ost in

relation to the dietary lcvelr âs indicated by feed analysis

(taUte 5). In relation to total atromasal lysine, the

infused lysine r{as not critical in affectj-ng the total

lysine in the aborlaslrm although lysine did forrn a greater

molar percent of total amin<¡ acids in the abomasum at the

higher levels of lysine i-nfusion, The highest 1eve1 of
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infusl-on of lysine (g grams ¡rer day) t.sulted in a

decreased nitrogen retention as compared to the other

treatments. l.Ii¡nrick et al. (]-97Oa) infusing lysine with

a uree diet observed a decreased nitro¿;en ::etention in

sheep rrnless rnethionine r{as infusecJ along rn'it}r lysine.

Calculated al¡ounts of amino acids reachin6ç the

abomasum in rel-ation to daily intake levels (Tatrte 24\

indicated a substantial inct'ease in lysine in the abomasum,

as rvell as minor increases for some otlter amino acids"

These levels reere cafculated using dietary lewels of

nitrogen (averaged for each treatment), amino acid nitrogen

as a percent of dietary nitrogen (gg.f"þ), abomasal nitrogen

as a percent of dietary nitrogen ('latrt e llC) and percent

amino acid nitrogen in abomasal nitrogen (Appendix TabIe 5)"

Tlre decrease in proline level was attributed to the

Stickland reactlon (Lewis, Lg55; C1arke et al., L966)"

The steers on the 3 grar¡ level of infusion exhibitecl

virtual ly no increase ín ¿rmino acids in the abomasrrm rvhen

compared to intake levels of amino acids. TLre higher

level of ammonia in the rumen probabl-y resulted in an

amrnon.ia nitrogen Ioss through absorption across the rumen

rvall. A lor,¡er 1evel of nitro6;en ( f O4Íá of intake nitro¿çen)

rvith the 3 gram infusion entered the abomasun rt'hen

comparecl to the other treatnent levels (o, 6 ancl 9 grarns

lysine Jrer clay whiclt averaged L25'þ of intake nitrogen).
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Tabl-e 24 Part .¿\" Calculatecl Leve1s of A¡rino AciCs
1ìeaehin6ç the ¡l,bc¡rna.sr¡n expressed Äs Grams per clay

ïntake ¿ltlomasum

or3r6 9 (,o

Lysine
Ilistidine
Àr¿çinine
Threonine
r/a.line
lfe thloni ne
f sol euci-ne
Leucine
Phenylalanj-:re

Aspartíc Acíd
Seríne
Glutarníc Acid
Prolíne
Glycine
Alanine
CJ's tine
Tyrr: sine

17 "72
TT"53
zh .54
25.L7
ôçl on
aa 6 ))

13 , O1-

25.87
95"06
4ç "92

53"or
33 .6tl

13O"1lt
60"25
26 .57
54 "98

27 "35

L8"29
l-:l- " 9o
25"33
25 "98
29 "24n,43
26.7r
g8 "L2
5L"53

54"72
34 "76

141 " 60
6z"zc
27 "43
56.75

28 "23

53.73
15 " I+2

33 "2Ltl: "43l+7,L2
2z .lv(t
4t"25
93.73
\5.tç5

93. 02
42 "BL

146 " B4
55"23
39"55
62 "98
3"74

4o. 6r

4t+ "tz
L3.53
27.76
33.28
35"56
T7.L9
32,73
73"t+6
34.7i

68 "42
33 "83

LT|.{ .27
4t¡ "95
3{i.93
50 "95

3"OlL
3r.90

6o " t+g

IL+.78
30"45
37 "44
39 "76
19 "76
36"63
95"68
38.96

75^Lr3
37 "60

L27 "Bg
4e, "7 6
43"7o
55 "99+.24
35"43

69 ,88
17.a6
3L+ "tz4l "t5
46 "9o2r "j5hç b¡
97.62
Ìt6 

" 35

9o"14
4h "45

L52 " 6L+

54 "83
40 "96
66 "33
4"38

4o "7a

Intake of Nitrogen r¡a.ried;
Ou316 1-28.25 grams per clay

9 L36"52 ßrams per day



Ammonia Ievels r{ere significantly }righer (n(O, O5 )

in the rurnen fluid at the 3 gram 1eve1 of lysine infusion.

Thj.s could be partly expla-inable if lysine nitrogen was

recycling to the rllmen as urea. Irrfused lysine was

equi-valent to O.45 grams nitrogerru 1.OO gra¡ns of urea

(45i" nitrogen) o" lBOO miJ-ligrams ar¡monia (AZ% nitro6en),

This anrount of arnmonia eqrraled 2"25 milJ-lgrams of anmonia

per lOO ml of rumen fluid (AO fitres or' 20 gallons of flui<l

in the rumen). This woulcl account for 2}lo of the increase

in level of alnmonia observed. (f5 *g. per -1-O0 ml . rÌlmen

fluid at zero grarrs lysine infusion to 25.5 mg. per 1OO ¡nl"

at 3 grar.qs lysine infusíon) " Iìecycling of the nitrogen as

urea was feasibLe as 8.2 mg. blood urea nitro¿;en per 1OO ml .

plasma was e<luival.ent to 18.2 mg. urea per. 100 ml . ãt the

polnt of maximum urea trans¡rort across the rumen wall for

cattle (vercoe , 1969\. The higher alnmonia lewel in the

rllmen increasecl rrmen orgarric matter digestibilj-ty and

occurred mainly as a disapl)eararrce cf total crude fiber,

ether extract ancl nitrogen free extract. Â more active

ferruentation process m1¡¡ht have been incii-cated, which did

not affect nitrogen retentiorr. The main contríbuting

factor to the lorver abomasal level of nitrogen at the 3

gram lvsine lnfusion was apparent-l y the high amm<¡nia level

in the rumen.

Irrfusion of .lysine lncreased the level of lysine in

pJ-asma ('faUte 4) from an average of 7.6 u moles per 1OO m1"
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plasma for the O, 3 and 6 gra¡n lreatments to 11 .58 u rloles

per 1OO m1. plasma for the 9 éTrarn treatrnent. This

appeared to be a definite response to lysine infusionn both

expressed as absolute val-ues (taute 6) ancl. as a molar

percent of totat plasma arnino acicis (tatle 7). The plasma

1evel of lysine t^ras Ïrelieved to be cc¡ntributor:y to the

reducecl nitrogen retention of steers at the 9 gram lysine

lnfusion. Absolute values for other amino acicls did not

yield any díffere.nces (taUf e 6), The mol-ar percent of

leucine and lsoleu.cine in plasrna were signlficantly clífferent.

The leucine effect could Lra.ve been a result of tlte high Level

of lerrcine in corn, rvhile it s rel ationsliip to i soleucine at

sites of absorption ln the sma11 intestine could have

affected isoleucine lewels, Valineo however, clicl not seem

to be affectecl . Valine, isoleucine ¿rrrd leucine have t¡een

shorvn to share a com:,,olt absorption site in the stltal 1

intestine (ltagihira g! aI. , 1960) .

The rumen fermentation process corrld have been

expectecl to remain relatively constant over the twenty-four

hour day with continuous feeCing (Ibrahj-m et al., L969).

Treatment variations could therefore have been expected to

remain constan.t. The pattern of tr:eat¡nent effects within

the t¡v-o collection times (taute 1l ) $/ere in close agreement

for rumen orgarll-c natter digestibiLíty, rumen digestibility

of the non nitrogenous dietary component, an<l abomasal

nitrogen as a percent of intake nitrogen" Both protozoa
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and bacteria were expected to contribute a steady level of

rnicrobial. pr:otein as nicrobial population levels were

stabllize<l by a higher frequency of feeding (Nottte" 1956;

Moir and Somers , 7.957).

Amino acid metabolism, particularly synthesis of

the essential" a¡nino acids, vv¿ls favoured in the rumen.

Except for leucine, rvhich was at a higher level in the diet

than t}.e abomasumn total essential amino acids increased

fro¡n 37'/, of total amino aci<ls l-n the diet to 44/" of total

amino acids in the abomasum (mol.ar percent basis), using

the zeto gram lysine treatme¡rt as a traseline. A furttrer

concentrating of essential a¡i.lino acirls was evident by an

increase in molar percent of total- essential arrrino acicls

from tlre abomasum at l+b',L of total amino acicls to plasma at

5O/" of total amino acids (taufe 8). The rtrmen

environment, endogenous nitrogenr âs r'rell as sel-ective

absorption of amino acids irr. the small intestine upgraded

the di-etary levels of ¿rmino acids to qui-te an extensive

degreen enou¿4h to cover up <lietary deficiencies, and notably

lysine l-n the case of a high corn diet.
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P_art B" Twj"c_e a day feeding

Feeding steers tr,¡ice a day at 12 hour intervals

resulted in cliurnal variations in rel-ation to rÌlmen

fermentati-on" 'the proclucts of fermentatíon and leve1s

of tracteria and ¡rrotozoar âs well as the cligesta florr¡

characteristics along the lower gastrointestinal tract

were also influenced by diumnal variationo Many of the

parameters in Part B" (twice a day feeding) Oi¿ not form

a.s clear a relationship as r.ras observed in Part A.

(continuorrs feeciing), Ler¡e1s of significance (o"O¡<p(o.015)

only serve<l to inclicate a response that rr'âs ffiost J-ikely

aff ected by the diu:rnal rh¡rtþmis' ¡t encountered in an

animal fed tr.vice a day" Àpart from the diurnal rhythm in

rumen fermentation as exernplified. by ammonia (Lewiso 1"958)

and volatile fatty acids in the rumen (t{rigtrt ancl Grainger,

L969), and protozoaJ- ancl bacterial population variation

(',rrarner, L965), plasma amino acid leve1s (Theurer e! al",

L966) an¿ bloocl urea nitro¿¡en (Lewis, L958) could also have

been r-rnder the i-nfluence of rliurnal regulation with respect

to times of fee<l1-ng"

Bal-ance data ('faUte J-zl indicatecl a reduction in

nitrogen retention with the 6 gratrr level of lysine infusion.

A significantly lower (p(O.O:) nitrogen digestibility

(trigtrer feca.l nítrogen output), plus a slightly increased

l.evel of urinary nitrogen excretionr r€sultecl in a

slightly decreased although non significant nitrogen
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retention" The r:râirr contribuüing factor ap¡:eared to be

the greater arnount of fecal nitrogen output either: as a

resul-t of a higtr rnetabolic fecal. nitrogen outprrt or a

lower absorption <¡f au¡inc acicls along the sr¡1â1l intestine"

Plasma amino acid lcvels, both al:soh¡te (tatit* 14) and as a

molar percent of total plasma a¡níno aciCs (taUfe 16) r.¡ere

affected althou¿4h not conslstently with the 6 granr lysine

infusion.

Aroino acids in the abomasurno in relation to

intake of arnirro ¿rciCs expressed as grans per day are

pre s ent ecl in ilab le 25 . IndiviCual arnino acids as a molar

percent <lf to'Lal abomasal a¡¡tino aci<l s cìic1 not vary amonéî

treatrnents" llo¡"evero the abornasal 1eve1s of atnino acicls

increasecl as to'tal- nitrogen levels increasecl in the abomasum

fron zero to 9 flrarlrs J-ysine infusion. AÏ¡ornasal prollne

leve-1 s in lr¿¡rt l:1 " at zer.o ßraras J-ysine :infusj-on r{ere l-orr'er

relative t<¡ proline intake as compared to abomasal- versus

dietary i:roline -l-evels in P¡rrt A. Prol-íne Ìr¿rs been

inrplicate<i in the Stickland reaction (Ler,*is, L955; Clar:ke

et a1 . u 1966) "r a hy<lr:ogerr acceptor in Ì:acterial a¡nino

acid metabolisrr. A higher proline activity in the rumen

in Pa.rt ÌÌ. than Part A" rtith respect to utíIization of

dietary prol-inc in the Stici<lancì reaction coulcl possibly

Ìrawe in<=ìicated that a grea.ter trrrnover of microbial prote:i-n

appearecl to ha',¡e occu::reC in 'r,rr'ice a day fed anirnals,
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IOB

Part B. C¿rl-culated
Reaching tire ^4.?¡omasum
Ðay

Lerrels of Amino Acids
Expressed As Grams Per

Abomasum

Amino Acid
Tntake

.¡\nrlno
Acid

grams lysine per day

o

I.,ysine
lli st irline
A:r'¿1ini ne
Threoníne
Va-l-ine
Me thion-ine
I sol eucine
Leucine
Phenylalanine

.Aspartic Acid
Serine
Gl-utamic Acid
Pro 1 ine
GJ ycine
A-lanine
Cystine
Tyro s ine

2'ù,57
L3 .39
-)Q ÉAÉ9 o -)e
29 "23
32.90
r5.10
3C-"05

11o"39
57 "97

6r"56
39 "\L

1 59 .30
6g "gz
30 "86
63.85

3r"76

54,19
LB "62
31"69
39 "95
43,az
20 .39
39 "6c
90 "76t+l,zh

79.89\t "29L\5 . i.Z
lç8 "LZl+o.54
63 "37

5 "31^ñ ô^) / . ))

52 .65
tli "44
32"75
4I+.55
4j .25
23"42
4t"64
89,36
45 "69

86 "28\z"oo
1 50 .29

lt7 " 4c
tt2 "35
67 "L8

2 "82
t+Z "35

51. "98!6"47
33.67
4s"s6
\5.66
24"07
42.37

101 " 12
tt7 .86

93 "43
Lç4 .7 5

L53 "826t"zz
1r2. oO
68"36
3"65lrt, tB

66.82
23. OB

35 "94
47 " 

t+B

5T "L325.92
46 .67

rLr " 57
53 "L5

97 "go
49 "5t172"22
62.57
43.7tt
73 "77

5 "L6\6"57
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Amino acids as a molar pereent oL' total ar¡ríno

aeirls in thc abom¿rsum in Part B, \l'ere nearly ír! entical

to results obtained in Part Au There t{as no difference

among treatments in lysine as a molar pereent of total

anino aeids in Part Il . Ilorr'ever u the i ncrease i¡l level" of

l-ysine in the aborrastrm relative to intake lcvels of ll'sine

1{as of the same order as the inerease observecl :-r, pt.t Ä.

Several plasma alnino aci<l s rr¡ere significant

(p(O.f¡) for absolute 't¡altres ('I'arble 15) ot as a nrolar

perecnt of total plasrna arrino acids ('raUte 16) " The anj-no

aclcls arginíne u phenyl.alan.ine , tyro sine , ffi€ tl¡ionin.e , atrcl

leuclne peaked at the 6 gra.nr lysine infusion in plasma"

Plasma cystine as a nolar percent of total plastna auríno

acicls was lowest at, tlle 3 éIratn lysine infrrsion ancl highest

at the 9 G:rani lysine infuslon. Tltis dj.d not coincíde

rvith pea.ks for other plasua amino acids rrl.rich occurred at

the 6 grarrr lysine infusion. In relating the various

a:nino acicls several- relatíonshiirs e<¡ulcl be lnvolved "

Lysíne ancl arginine c<¡ul.ci bc rel.¿rtecl as they have 'been

J:reviousl-y sturlied rvith regard to alì appetrent antagonism

(Jones, tg64); phenylalanine and tyrosine are Ï¡oth phenyl

<1 eri.¡atiwes of alaninc anc] metJrioninc and cystine are bcth

sulphr::: containj-ng amino acids. The latter trr'o ar¡tino aeid
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relationships are as a result of interconversions and the

sparing action of one amino acitl up()n the other (cystine

on methionine, tyrosine on phenylalanine). Ttre

difference for the ¡uoIar percent of leucine in plasma

could have been a result of the high clietary level havíng

been maintained in the aborcasum.

The highest level for plasma tyrosine otrserwed at

the 6 grarn lyslne infusion was ¿rlso the treat¡nent with the

reducecl nítrogen tralance. Tyrosineu although not considered

a' trrre essentlal amino acid, could have been termed

essentj-al according to Dowrres (.fggf ), as tyrosine like

other essential amino acids clicl not exhibit ra<lioactlve

carbon as a result of amlno acid synthesls in. streep bociy

tissue. Plasma phenylalanine paraIlelecl pJ.asma tyrosine

both for absolute values (tatrte 7-5) and as a rnolar percer:t

of total plasma amino acids (taUle 16). It is t() lre

notecl that in Part Â. (continuous feeding;) t-,oth at¡omasal

and plasma responses f<¡r tyrosirre as a m<¡1ar percent of

total amino acicls were similar, ruh1le the abomasal ancl

plasma tyrosine responses \l¡ere clifferent in Part ts. (twice

a day feeding). The main interaction rl¡as prol>ably at

absorption sites, although the effect of diurnal

rlrythmicity in tyrosine plasma leveJ.s (I{urtnan L97O) corrl-<1

a1 so have been importa.nt. Care must be taken, however, to

differentiate the true effect of tyrosine on phenylal-anj.ne,

the latter having been regarrlerl as an essential clietary



- 111

anrino acid, the former acting as an lnterconversion source,

and supplementary in a phenylalanine cleficiency.

The cystine ef'f ect encountere<l in plasma rvhich

r{¡as clifferent frorn other plasna leve1s of amino aci<l s,

could not Ì¡e ex¡rlained in relation to the i¡rteraction rvith

other amino acids,r'¡ith the 6 gram lysine infrrsion.

It{ethionine and cystine comtrineri as a molar percent of total

p.1-asma amino acirls increaseC as the level of lysine
j.nfusion increased (f ,7O, L"77, 2,OB ancl 2.4I for O, 3" 6

ancl 9 grams lysine infusert per cìay respectively). Thís

could be interpreted as a mobilization of sulphur:

containing an'iino acids from body tissue proteins. Other

work witlr sheep (l{ogann I{eston and Línctsay, 1968) tras

supported the fact that methionine anrl cystine responses

in plasma sh<¡u1d be consiciered together.

Essentiaf anrino acj.ds traving l¡een irlrplicated

according to plasma level.s in Part B. were tyrosine and

phenyl-alanine, the sulphur containing amin.o acitls,

methionine a¡r<.l cystine, follorn'e<1 by argin.ine a¡rd leucine.

A lysine-arginine anta¿;onisrn as shorvn by a higher plasmcr

lysine level an<l a lorr'er plasrna arginine level in

reslJonse to an increased intake of lysine in monogastrics

(Jonesn Petersbrrrg and llurnett, ].'967 ) OiO not occt:r in the

present study, Plasma arginine 1evels appeare<l to

parallel plasma lysine increases to some extent in both

Fart A. alncl Part B. A true antagonism as has bee¡r shoun
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to exist in rats (Jones, I{olters ancì Burnett, Lg66) an¿

clrickens (.lones et al.,l-967 ) ¿i¿ not eppear to occur in

steers, specifically rvith respect to plasma levels of

argínine and lysine. A J.eucine antagonism coul<l a1so

trave been implicaterl throrrgh high <ìietary lewels of

leucine, rr'hich were maintain.eC in the abomasal contents"

Leucine, isoleucine an<l waline have treen shown to share a

common absorption sj.te in the sraall intestine (Ilagihira

et g!,, 1960).

Iìumen organic maiter (OU) digestibility ancl crude

fiber (Cn), ether extract (EE) ¿rnd nitrogen free extract
(llnD) aigestlbí11ty in the nrmen plus nitrogen reaching

the abomasrr¡n ancl blood lrÌ"ea nitro¡¡en (tiUU) yielded. very

definite patterns of díurnal rhythmicity (tatrte 20).

Tlte 9 Al'ï. perio<1 dernorrstrated a sfgnificant influence aruong

¿r1-l co.llection times for rumen OM digestibility

(si$nificantly 1or+er (r,(O.05) at g grams l.ysine per ctay),

total cF+ËE+NFID digestj-bility in the ;'Lrrnen ( signif icantly

lower (g(O.05) at 9 granrs lysine per ctay) and nitrogen in

the abomasurn as a percent of intake nitrogen ( stgnificantly

higher (p(O.O¡) at 9 grams lysine per day). Aborrrasal

nitrogen was the ¡nost variable between collection times.

There was no similar response over the two t¡velve hour

periocìr (6 AM to 6 PM, 6 pl{ to 6 ANI anímals hawin¿¡ been

f ed at 7 AM ancl 7 PM), Animals ap¡reared to trave

consumed the ration more quick-ly at the 7 AI.{ feeding than
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the 7 PM feecllng. Consequentl¡,r ¿1 greater availability

of substrate in the rumen for ¡nicroÏ¡ial lrse clu::ing the

early mornin¿1 rvoulcl have increased rurnen ferrnentation

actiwity in ::elation to tirnes of feeding. The data

appeared to support this to sorle extent. The possibiJ-ity

that a cireadian rhythm influenced the ¡rbomasal nj.trogen

response must be considerecl , Rumination ti-rre perioclsu

or mlcrobial responses in the rumen to daylight (GorOon

and lvfcAl.lísteru L97O) ml¡;ht have contrj-buted to the rr.men

ferrnentation charac teri stics " Horvever u due to corrf oun<ìing

by times of feeclingr ês rvell as lack of support data in

this experirnent, the reason for the Cifferences between

the two tr,relve hour periods could not tre substantiated"

Sampling error for al:omasa1 salrples over the day from 6 PI{

to 6 AM, ¡:articularly as it affected the animals during

the ni¿5ht per:iod of rest, rrhen samples rr¡eï'e obtained

every three hours could Ìrave aff'ected floru patterns to

some extent.

Infusion of lysine continuorrslyo rvhile in

conjunction r+ith feeding trvice a clayo could have resulted

in a variable addition of rritrogen as lysine i¡r the abo¡qasum

in relatlon to the diurnal vari¿rtion of nitrogen passing

out of the rumen. I)uring peaks of nitrogen flor+ lysine

would have contributcd .l-ess to total- al¡ornasa-l nitrogen,

while having contributecl to a greater extent during

recJuctions in florv rate. If a ncrrnal biphasic diurnal



- 114

rhythrni.cityu rvith identical trvelve hour intervars with

respect to tines of feed intake had occurred, one would

have exJrectecl the anilnal to t¡e in a state of _l)'sine

excess at absorption sites in the smal-1 intestine for one

hal f the total 2lr hcrrr-s. Lysíne coulcl possíbly have

adversely affected absorption of other amino acicìs rsith

respect to theír availability for use by body tissues.

Ammonia levels ín the rumen (taUfe fB), sampled

at 5 Plnf, clid not indicate a response to lysine infusion.

ff one were to rely on ca.l.culations of part A,, the

recycling of lysine nitrogen as ìrrea could trave accounted

for the amrnonia íncrease in the:r-umen at trre 3 gram level
of I ysine i.nfusion. At 6 grarns lysine infusi on, one

w.orrld have expected -1 ess of a r:ecycling response as a

greater portion of the dietary nitrogen rvas excretecl both

in feces anct rrrine, anci most rnarkedly in the feees.

Iìecyclin{Ì of j-nfr¡sed lysine nitrogen as urea rvorrld have

increased the rumen pool of total nitrogen available for
lrse by the rumen ¡nicrolrial population. consequently a

trigher outprrt <¡f nitrogen to the abomasum and -l.ess total
orgarric matter could possibly have been. a result of a

more active rurqen fer¡nentaticn dr:.e to a nrore avail¿lt¡l-e

sorrl:ce of nitrogen as anrmonia in the rllrflen. The 9 A,PI

collection tirne yielded a significant effect both for
rumen organic matter digestibility and rumerl nitrogen-
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output to the abornasurn" 'fhis re spon se was expectecl as

intake of feeC has been shown to cause the ferr¡eutation

rate of the rumen to lncrease 1n response to the influx

of nern¡ substrate for the rumen microbial population.

Blo<¡d rlrea nítrogen (tlUtt) itt ruminants can be

derived either from conversion of anmr¡nia absorbed from

the r:umen to trrea or from amino acíd degradati.on to tlrea.

These amino acids rvoul d be clerivecl either fro¡n body protei-n

or at¡sorbed from the sma.l 1 intestine a¡rd dêarninated in the

liver. \fith respect to times of feeding, klUN al.one

appeared to yield a near perfect bilrhasic pattern of

maxima and minima for tlr.e 24 hour period (nigure 3a),

Lower BUN values (24 trour averages) for the lysine

infusion treatments were associated rvith a hi¡1her rumen

output of nitrogen

of Iysine appeare<l

the abomasum. Increased infusionsto

to have resuJ.ted in an increasecl output

of nitrogen frorn the rumen to tlle abomasum, rnost likeJ-y by

way of utilization of recyclecl BUltr as ammonia trl¡ the rumen

microbial poprrlation,

As rvith Part A. (continuous feecling) ttre rumen

contri-bution as urj-crobial protein, enclogenous secretions

as well as selective aniino acicl absorption had j-ncreased

the molar percent of essential anino acicls from diet

ßZ"p\ to abomasum (44'ir) to plasma (ySlL\ as cornpared to

non essential amino acids. Ilor+ever, the plasma 1evels

of amino acids r4rere <lifferent betrt¡een Part A" (corrtinuotrs
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feecling) and Pant B" (trvice a d;ry feerllng), A dietary

defíciency of lysine in a corn diet appeared to have becn

corrected in the rumen.
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Gene.rgl Di scuss_ion

'Ihe resporrses of steers in Part A, (continuous

feecling) anqi Part R. (t.ice a day feeding) r.'ere very

diffe¡:ent" The ruethocl of feeding appeared to have

affected the rumen fermentation to the greatest extento

rvhile possibJ.e differences in nitrogen intalce could also

have been implicated

Nitrogen intakes waried betr*'een Part A. at 128

grarns ¡rer day ¿rnd Part Iì, at J49 grams per day. The

highest leve1 of' lysine j.nfr¡sion (! grams lysine per day)

resuf ted in a significantJ-y reduced nitroger:. retention irr

Part 4., rvhile in Part 8,, tlre 6 élrarn lysi-ne infusio,n

gave some inCication <¡f a si¡nilar re<lrrcti<¡n in nitrogen

retention, The Part ll . r()sponse may have been a result

of interaction betrveen anrino acids other than lysine.

fn Part Ao r it rì/as expe.cted that a continuous

feeding mechanis¡n rvould have n¡aintainecl a stea<ìy leve1 of

fermentation in the rumen over 2I+ hours (Ibrahinr et g!.,

1.969)" There rvoulci trave been a const¿r.nt hig'Ìr level of a

protozoaL population (tUoir an<l So¡ners, Lg57 ) and a

lracterial- population (Nott1e, Ig56) in response to a Elore

frequent feeding schedule. Consequentl¡r the type of

digesta and the avaíIability of tl¡e r¡ariotrs amlno acids

would have waried according to the type of ¡:o1:'ulation j-n

the rrlmen in relation to <lietary compr:nents. For Part Il .

the sítuation was very much clifferen.t. ÌJacteria arr.d
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protozoa exhibited a diurnal- rhythmicity in relati-on to

the awailabillty of f errnentation proclrrcts anrl time of

introduction of dietary cornponents into the rurnen system

('l+arner, Lr)65\ " Therefore at any time cìrr:ri-ng the 24

hour day, the type of digesta errtering the abomasum as

Ç(-arnino nitrogen rvould have varied according to the

various fl-uxes in microt¡ial population" Ilence the

resporrse of the anima1 wotrl-cl have varieC accordingly"

The at¡omasal l.evels c¡f' ar¡rino acids in Parts Â"

and R. were. sirnilar rshile plasma levels differed. The

plasma level differences corrld have l¡een associate<l rvlth

differe¡rt availabilities of amino acids-ttetrveen Parts A.

and R. Al though al-l anj-ma1s ate the same cl j-e t, rr.uneïì.

fer¡nentation Ciffered as a resrrlt of the method of fr:ecling.

The ruicrobiaJ, contribution to the digesta could have yielded

amino acids rvhich lrrere not aj-l similar in availability for

absorption.

.+\mino acids affected by lysine infuslon ï/ere

lysine, phenylalanine, tyrosine, lnethion.iner cy.stine,

arginine and lerrcine. The infused lvsine could lrave

interacted rvittr arginirre, and neither woulcl Ìrave been

lirniting a.s sucl-r in the n¡men digesta as presentecl to the

host animal-. Sulphur-containing arnino ¿rcids cystine and

metl'rionineo and sllecifically methionine, have at tímes

been in<jicatecl to }¡e limiting in ttre <liets of sheep

(Nirnrick et al ., J-97Aa; Reis ancl Schinckelo L963,
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L964\ 
"

Ca:'e must be eNerciseel in interpreting these

results rvj-th respect to cattle p ês sheep shorv a

requirerne;nt for suI¡ltrur cont;riníng amino acids fclr rvool

gror'-th" The plasrna leucine response could have been an

interactlon r,rith isoleucinc mainlyo and valirre to a lesser

extent, ât absorption si'ces in the srnal-1- intestine. An

unexl-rected response occurrecì. r*ith phenyJ,al.anine and

tyrosine in plasrna of tr'¡iee a clay fed animals" A high

l-evel of tyrosine in plasma rel.ative to the abomastrm {n

Part B. , but not Pa¡'t À, , indicateC arl i nteraction at

absorption sites ín the sm¿rl-1 intestine c or at metaholic

sites in the bccly. In order to determine a phenylalanine

requireroent by trody tissues, both phenylalanine ancl tlrrosin.e

rnust be eval-trated together, ïn reevalrra.ting the

phenylalanine and tyrosine requirer¡ents for grorvi-ng rats

Stockland u Lai, Þleade, Sorvcrs and Oe stermen (tgZt)

conclt¡ded tlrat for a clietary phenyJ.¿r-l-anine clef iciency l-n

rats, plasrna t¡rrosine levels rvcre ¿r l¡etter Sauge of the

clietary ¡:henylalanine deficieney tharr plasma phenylalanine

L eve,l s, Plasma tyro sine yiel-ded a rrore aceurate picture

relatírre to a cìietary phenylalanine or a Cietary

phenylal-¿rnine p-lus tyrosine def ieieney or excess. Srreh

a¡;peared to be the carse in the present str-rcl¡r rr'itlr steers,
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The contribut'lon of infused l_ysine to the total

lysine ín the abomastrn was masked irr the abornasum by the

rumerr outptrt of lysine, I-ysine as a rflo1ar: ¡lercent of

total au¡ino aclrls rernained co¡rstant ov<: r a1l treatments.

Horveveru wíth each srlccessiÌre addition. of infused J-ysineo

a higher: level of total nitrogen reachecl ttre aÌ¡omasum.

Con.sequent-l-y infused J,ysine did not increas€ in total- to

a Lrasal 1eve1 of lysine errteri-ng the abomasum.

Therefore, a. linear increase of lysine in the ¿rbomasum

(i"", from J to 6 to 9 gï'ams lysine inf,usion) was not

incìicated wlren compared to thc bas¡¡l .l.eve1 ol:servecl at

zero grams lysine infusicn.
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L1'sitru r{¿rs infuse<i at o, 3, 6n and 9 ßrams claily

per arrornasrrrn rr'itþr steers fed corltirìuously or trqicc a t1ay.

À corn basecl , corn g-luten meal supplemente d diet (tl-.Z',L

crude protein, )O'þ dry rnatter) -oas fed.

Fgrt A" Continuous F'eeding

(f) Infusion of ! grans lysine dairy per

abornasrrm re strlterl in a recluced nitrogen retention (percent

nitrogen absorl-¡ed retained) itr steers fed L6 l-b" daily,

An increased excretion of urinary nitrogen as r,'¡e11 as an

íncreased level of plasma lysine l,t'ere believed to be ¡lartly

responsibl e for ttre reduced nitrogen retention incl ícated

at 9 gr¿ìms l-ysine infr¡serl per day" App:ioxirrreltc-ly z}cft of

the increasecl nitrogen excretion rr'as attributable to the

lysine inftrsion"

(Z\ Ilurnen a¡urnonia r.¡as significantly higher at

3 grams -lysine infusion i:er <J;ly as com¡:are<l to the otl¡er

treatments" A higher digesiibility of non nltrogenous

dietary eonnponents in the r.urnen r{as observedr ês well as

a rerluction of rumen output of nitrogen to the abomasum.

A loss of aËu-rionia from the r¡.men was índieatecl¡ bui nitrogen

bal-ancc clata did not clernonstrate a loss of nitrogen at 3

grams lyslne infused per day.

(f ) Contlnuous feeding has been sholrn to stabilize

rurnen fermentation as exem¡rlifiecl by rumen ammonia and
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population va::iations in the runen, Sínce rumevl

popul-ation wariatlon- rvas redrreedo a ccns+vãrtt tromogeneous

J-evel of amino acids from dietary as rr'el-l :rs microbíal

sources rvotr:l.d have re¿rched the abomasum during a trventy-

four hour period" Amino acirl studies rvith ruminants

continuously ferì. coulcl possibly bc an experiraental tool

in c-Ìcterrnining specific atninc aeicl deficíencies in the

di¿¡esta leavíng the rumen" .¿\ minirnum of sampJ-ing

interval.s, r\'itliout ref erence tt> dit-{rnal v¿rriation

encountered on an animal fed once or twice a day, cr:uld

be used to indicate a¡líno acid ínteractions quite reaclily,

Part R" Trvice a <l¿ty feeding

(f ) Lysine infusion dicl not appear. to have a

direct cffect on nitrogen rctention (expressec! as pereent

absorberl nttrogen retained), Iloruevero il signifieant

(tt(O. C5) reduction in nitrogen rligestibj-lity (trig'trer fecal

nitrogen or-rtput ) ,.t 6 grams lysine l)er clay de¡nonstratecl a

possíbility of an anino acicl interaction at atrsorption

sites in the snial 1 intcstine,

(Z) the plasma a¡:rino acid levcls of methionine,

arginineo l-cucine, phenylalanine ¿rncl tyrosine peaked at

6 gratns lysine inftrsion per .tay. A possib-le hígher'

activity cf esserrtj-al an¡j-no aeirls i¡t plasma vras indicatecl ,

the effect har¡ing been to rnobilize bo<1y protein to meet a

deficieney rel-atlve to arnino ¿rcicl availat¡iJ.ity 1n the

cligesta in the srrral_1 i_ntestine.
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General Conclusi-ons

(f ) Lysine in-fused per abomasum of steers cliC

not j-ncrease the ,1 ewel of total avail-abl e l ysine in ttre

abomasurn. Iìumen micr<¡bial_ protein r:ontributed to a

t,ot,ar lysine 1evel in the abomasum tw<-¡ to three tinres the

cli"e tary lysine lcve] . Nitrogen re tention reduction in

Part B" (twice a clay feeding) appear-ed to have treen

fol]-owing the simil¿rr trend observed in part A. (continuous

feeding).

( Z ) l-or both Parts A. a¡rd iJ, totat essentla]

amino aeirls as a moJ-ar percent of total amino acids

íncreased fnom diet (lZ ,2"¡¡ u to abomasum (averaging ¿+ L¡io),

to plasma (averaugin¡; 5O,i. In Part A., 5jiL in part R" ).
The rumen contribtltion as rqicrobial ¡rrotein, endogenous

nitrogen secretions as well as selectj-ve absorption of,

arnino aeicls in the small intestine al)pel¿recj to lrave

in.creased. the totar essential amino acids avail.able for
use try rurrinant tissue,

(f ) ¡l dífference betrveen plasma amino acid
1evels rüas noterl betrr¡een Part A. (cotrtinuous feecìing) and

Part R. (trrice a <Jay feerjin¡¡), The a¡lino acid
availat¡iJ it1' of microbial protein within each f eeding mocle

coutd hawe been clifferent. Tlre method of f eecling (once

or trvice a day verst:s a more freqtrent feeding sched.ulc) trars

been. showrl to affect the rnet¿lt¡olism of the rumen mícrobial
popula.tion" l"Iost lilçe1)' . cìifferent rurterr population had
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cle vel-opec1 rvithi-n e¿rch f eeding rdod€ " 'Ihe atiiino ¿rcicls

subsequentJ-y ¡nade available tlrrough proteolytic activity

in the srn¿rl 1 intestine coulcL hawe t'eelr affected by the

type of rnicrobial populati<tn in the rltr".ten, ancl the

rnicro'bia1 irr^otein contribrrtion to total irrotein in the

lorrer gastroi-ntes'tinal tract "
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APPENDIX 'Iable
a8e o

llB

I Eívision of experimental animals by breedo
an<l weighto rvJ-thirr and betrveen squares.

Animal
Number tsreed. x

Age to
Alue 3L/7o

( aays )

Weight
Perlod I
( pound s )

Part A.
Continuous

Fe ecling

Part B,
Twl-ce A

Day

I1

rt ( axnsxti )

u (lxnsxtt )

}I

II

H

It(axnsxlt)
u ( usxu)

10

r5
L7

2L

I
L2

13

23

2LT

2C4

L93
186

220

2C6

2(o3

183

740
801+

75o
696

63t
767
67o
696

64s
696

Average
Continuous l'eeding

lVice À Day

L9g

2rÙ3

H

A

BS

Ho1 stein
Ayrshire
Erown Swíss
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Bala.nce data expressed as gramsAFPENDIX Table 2 l[it,roge;r
nitrogen per day

Part A.

Grams lysine per day Standard
þrror

9

Total Intake

Retained

IJríne 3€

Fece s

L?B "25

70 "87

zt+.354

)]. 02

128.81

7l+ " 38

20.r3a
q.t ryl'
))ø l't

r29 "38

7L "47
.)., on&
Lko4)

J)"t/

L3B "27

65"36

36 "9ih
36 .3r

4"6t

2"5a

-1-. 01

Part B"

Grams J-ysine per clay Stanclard
Error

Total fntake

Retained

Urine
lt

.tt'e c e s

trß "93

82,54

27 "52

JB " 
g8a

Lt+9 " 49

86, BB

26.L2

36 ,44a-

150, 06

64"6r

42"o5

43.3ob

tso ,62

75.36

35.74

39 .374

5 "97

1-"17

1" ol{

Treatment means rtrere significantly different (p(O"05),
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ÅPPÐNDIX Table 3 l-Titrogen intakes for Parts 4,. and B.
o1¡er the total experiment (graru nitro¡1en per
d.y) inclurìíng lyslne nitrogen added per ctay"

guams lysine infused i)er day lreríodxx
0369Äverage

T

ïï

rII

T\T

Treat¡nent
â.verage L28 .25 128 " 8l- J-29 ,3B :..3B .2I

Stanclard Error
Ës h tL¡\ninal'--o 10 ^ 15 ñ L7 ñ, zL = -r d j-T

,tverage r12,53'r r37 "36" 7.37.36"' 1-)7.j6o'

ã Animal- Numbers al'e 1n br¿rekets ba:lo¡v each value
(r.ou :-5, U, 21)

srg{ Peri-o<.1 an<l .¡\nima1. Means are significarrtl.y different
(p(o, c)t )

Part R"

élrarrts lysine infused per day

Treatnent
Ifeans s{ rUB"39 t49"49 15c.06 :-50"62

¡r Al l- variation attritruted to tre¿rtment dif f eretrces.

L48"93 ti+9"1v9 15o.06 J-so"62 t¡g"77A(rz)* (zr) (r¡) (ro)

r32 . 38 99 ,84 L33 . 5I L3L+ , 07 tz4 .9 5B(zt) (ro) (12) 1:-r)

1-3z.zB L3z.g4 toc.41 t1'!.07 tz'.95B(r5) (rz ) (r c) (zt)
99 , 28 r32 .94 L33 . 5L r3t+ . 07 tz4 " 9 5B'(ro) (r:) (zr) (rz)
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APPENÌlrx rable 4 Lysine nitrogen infused as a percent of total
nitrogen, inclrrcling lysinc nitrogen

trart.A..

Period O
ßrams ì ysine ínfusecl per rlay

36

r o (rZ)" o"3.1(zr) c"750-5) t.t2(10)
rr o (zt) o,56(10) o"B5(17) r.26(r5\

rrr o (r¡) o"4z(tZ\ l_.13(10) r.26(zr)
rv o (ro) o"|z(t SJ o"85(21) t.z6(tZ)

Treatment o lt o"lrllB o"9oc i-"23Ð
Itfeans

Stancìarrl
Ilrror
o" 05

lÉ Animal nr¡mbe rs are in brackets (f O, f 5 ,IT 021-\ ,

Part B.

grams l]'sine ínfuscd per clal'
36

Treatment
Ileans O. OC O.37 O,7 5 7 "I2

.4., B, C Treatment means were signif icantly dif f erent (n(O, Ol-) .
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Amino acid nitrogen in the abomasum as a.
of total nitrogen (microkjeldahl)

ÀPPENDIX Table 5
percent

élrams

o

lysine infused
per day
36p.t

Standard
Error Range

Part

Part

86.

82.

82 "45

84.93

83.52

88"46

-, .)

68"

2 "ZLt

2.4r

82.L4

84. o3

o3

58

.]t
ll"

B"3r

26-+ 97 .29

20-.è96 "9o

overall Avera6es 3€;lt

Mean

Part A. 8).53

Part Ëì" B5.OO

CombineC 84,27

Standard
Devl-ation

6"50

6,Bo

6"58

Standard
Error

L "62

L"70

1.16

tf

xlf

Data is

Data is

calcrrlatecl by wa¡r

calculated by w;ry

Mean = BT
n

Standard Ilewiation

Stanclarcl Ðrror

of analysis of variance

of:

Stan<lard De_viatioE
\/;

n-1



t!¿3

ÂPPEIiDIX Table 6 Total- ;\mino Acids in the Fcect a¡rrl
Äbomasum (grarns per day)

Part :\" grams lysine per day

63o

Tntake Äraino 7L7.35 7L7 "35 7]-7 "35 74a"5o
AciCs

At¡omasa-l ltmino 880"89 690"45 e0] .33 91.2"36
Acids

¡\bcmasal As f. L22 "Bo 96 "25 ]-l-L "99 1-23 "2IIntake

P¿rrt B" grams -lysine per day

()

Intake Ämino 833"06 833"06 833"06 8)3.06
Acids

Abomasal- Ar,rino 842"73 BBo,43 9l-5"a7 ]-oL?"l+6
Aclds

,tbomasa.l As f" l- 01 " 17 Lo5 "69 1" op . 8l+ :-21- . 5t+
Intalie

ÂPPENDIX Table 7 Intake of phosphonrs per day

Intake Ðn'y matter Phosphorus 3{

per day (ru) j-ntake (gr) grarÍs per clay

1_8 73rB,93 20,49

i_6

1-2

4B7g.28

65C5 "7L

13 .66

L8 "22

E Þor optimal IIIJA-DIJÂ formation in the mj-crobial
population, a. requirennent of 1-7."2 gn/day wa,s shor,rn to
exist (Barnard " 1969).

?r Proximate '\:,alysi-s - Feed
Dry matter 89"614" on aír clry basis
Phosphorus A"z9f" on clry matter trasis.
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APPDNDIX Table B Part A. Arralysis of Varia¡rce for Nj-trogen
Balance as Percent Retention of Absorbed Nitrogen
and Urinany ancl Fecal Nitrogen as a Percent of
Intake Nitrogen"

Mearr Squares
Nitrogen Urinary Fecal

df }lalance Nitrogen Nitrogen

Total 15
Trcatmen t 3 L56 . 06 r€så 94 " 36 ¡e 2, 88
Period 3 37.L9 20"48 9 "73rrnimal 3 4z " o7 j7 "82 10. BB
Error 6 32"3L L5"27 z"oj

lc, Significant (p(O,05)

APPDNDIX Table 9 Part A. Analysis of Variarrce for Lysine
anrl Histidine as a Percent of Total Amino Acids
in the Abomasum

Itlean Squares
df Lys ine IIi s tidine

Total 15
Treatment 3
Peri.od
Anj mal
Error

2,49 e€ O " O32 er

L.L6 O.L75 xx
2.25 x O. oo5
o .25 o"oo7

3
3
6

x P<O. 05
]Ë]r P<O. 01



APPENDIX 'fatrle 1O Part A. Analysís of Variance for plasma
Lysineu AÌtsolute Value and Percent of Total
Plasr¡a Amino Acid s.

l{ean Square s
df Âi:'solute Value Percent of Total_

To tal r5
Treatnrent 3
Period
Anl-ma1
Ðrror

L63S .62 r{
249 .37
to3.lro
r-95 " 56

3
3
6

5"64 x
o"36
L "L2
o. 40

lc (p(o. 05 )

/lPPnNDrx Table 11 Part A. analysis of variance for plasma
Leucine and lsoleucine as a Percent of Total
Plasma Amino Acirls"

df Leucine Isoleucine

To tal I5
Treatment 3
Period
Animal
Error

3
3
6

2.58 r{
) q.,

o.20
o.27

o.39 x
o "17
0. 05
o. 06

'E ( p(o. 05 )

APPENDIX Table L2 Part Â. Analysis of Variance for Ilumen
.f\rnmonia

df }fean Squares

Total- 15
Treatment 3 80" 06 *r{
Perio<l 3 33.68
Animal 3 32.IA
Error 6 8"olt

e€Fr ( r,{,<l, ot )
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APPENDIX Table 13 Part B. Analysis of Variance for
Nitrogen Balance as Percent Iìeten.tion of
Absortred Nitrogen and Urinany and Fecal Nitrogen
as a Percent of Intake Nitr.ogen

Mean Squares
df Nitrogen Urinary Fecal

Elalance Nitrogen Ni tro6çen

To ta]-

Period
Animal
Error

r5
Treatment 3 227 "4O 96.55 11.80 x

3 969 "29 x 49o.38 x 4 "ss3 7.40 4 "776 141.80 69 "97
3,L3
L.97

x ( r,(o, 05 )

APPItNDfX TaÌ¡le 14 Part B, Anzrlysis of Vai.iance for
Runlen Amrnonia

df llean Squares

'fotal 15
Treatrnent 3 tl+ "6L x
Periocl 3 34 " 61 3{}r
Animal 3 ?.2.5o
Ðrror 6 3.84

,t (t'(o"1tl)
'rll 

( p(o. o¡ )
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APPENIJIX Table L5 Part B" Analysis of Variance for Pl¿rsma
Arginine (rl,rg), I'fethionin.e (t'tettr), I.eucine
(t-euc ) n Phenylalanine (r'ne ) ¿rrr¿ Tyrosine (:fy.)
(rttr solute Valrrc s )

df Àrg
Ì,Iean Squarre s
Ì4e ttr Leuc Phe Tyr

To tal
Treatment
Perio<1
Anima-1
Error

356 "tt224.93
526 " 06
109 . 15

6g .62
3(o"54

4 "9422.01

x 3472, o8x
4tg "eg

L495 "17
L?LT.60

3o4.2o x
26 "76

L24 "6a
99 "69

398 "4t 3r

59.70
r27 .62
r25 , 19

L5
3
3
3
6

xr€

x
3t}{

(p(o"15)
(p<o"o5)

ÀI)PItNDIX Tabl e L6 Part Il, l\nalysis of Variance for. Plasma
Methionine (ttlettr), Leucine (t-errc), Tyrosine (tV")
and Cystine (Cyr ) r= a percent of to tal Amino /\cicls,

df lvleth
I'lean Squares
Lerrc Tyr cys

Total
Treatment
Period
ÀnlmaI
INrror

O" f 3 +
o.14
o"08
o, o5

4.oz x
o.81
2.LL
1."2t

r5
3
3
3
6

O, 6l+x*e x O. 41 xlr
o"o7 r"L7
0,69 o"3l_
o. 11 O. 13

( p(o. 2o )(r'<o.r¡)
(pco"1o)
( r,<o. 01 )

+
x

'tt{,xxtf
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APPENIII-X Table 77 Part B. Analysis of Variance for Or¿;an.ic
lrlatter (Ou) Digestibility in the llurnen
Digestíbility of Total. Crude I'itrero Ðther Extract
and Nitrogen Free Extract in the lìumen (Cf:+ne+UF0),
BJ.oocl Urea Nitrogcn (nUlU) arnci Nj-trogen reachin¿ç
the abomasrrm as a percent of int¿¡.ke nitrogen.

I,fean S<¡uares
df OM C!'þEE+NI'Ð

digestibility digestibility

Total- I27
Squares 7
Treatnlent 3

639 "69 xx
731. 08
42o.94 rE

53O " 54 3{r€r€

3o!+ "49

577. OO Nx
9 o0 " 03 ì€'E¡E

395.38
68L .33 r¿:Kr{:}E

3C-3 " 45

Period
¡\nimal
Drror

2It
z!+
6g

lulean Squares
BI]N Nitrogen ín

,tbornasumdf

Total 1.27
Square s 7 6. of nnrtr€ -1-861. 88 xx
Treatment 3 I2.5O Nr{xj}r 1451-.60
Periccl 2U 1 " 03 t43t " 64 -ãE

Animal 2I+ 5"L9 r€xxx t429.tl3 ¡€

Drror 6g I " 1,+ 97I.65

'r (r(o.rr)
rrn (nco,ro)
:.]ar€ ( p<o. 05 )
r€xxx ( p<o, 01 )
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ÄPPþNDrx rable 18 Part B" 9 Al'f cotfection time Analysis
of Variance for Organic l,fatter. (O¡t)
digestibj-Iity, Total Cr:ucle Fiber, ìlthe:. Extract
¿rnd Nitrogen Frce Dxtract digestibility in the
Iìumen ancl Nltrogen r:eachin¿ç the abonasrrm as a
perccnt of ¡ritr:o6çen intake.

c¡.t
rlf digestibility

l"lean Squares
CF +IlE +Nl'Ð

dige stil¡iJ-ity
Nitrogen in

Aboulasrrrn

To tal
Treatment
Periocl
Animal
Ðrror

956 "7o xx
L69.87
r42 "82

90 "90

7J-I "82 x
ro3.77
262 .43

e6 " fì3

I+457.t+B
r23g "8r

922 " 03
8tl+.12

L5
a)
3
3
6

?E ( r'(o.
!{r{ [p(o"

05)
or.)



ÂI-'Ptr¡iDIX Table 19
intake,
Absorbed

r5a

Part A" Nitro¿1er-l bar-lance
Fecal Nitrogenu lìetained

Nitrogen Iìetainecl (grarns

Ilata Nitrogen
Nltrogeno Percent
per olay)

x Animal Intalce
Tre atment Peri od IIU^.¡rber Ni tro gen

Fecal Urinary
Nitrogen Nitrogen

Percent
Àbsorbed

IÌetainecl Nltrogen
lli trogen Re tainecl

o rrr
Trr
rV

I
I1ïrr
IV

I
]I

trIT
rv

I
IÏ

TII
IV

]-48.93
L32 " 3B
L32.38

99"28

14) "tç9
99 "84]f2 "94IjZ "9t¡

:r- 50. 06
r33.51-
1 00, 41
r33 " 57

1.5a "62
L34 " a7
1)4. 07
L34 " 07

4s.gz
34.53
29.a9
24"5L

L+o.69
30" 18
J3 "87
30 .23

\t.29
36.a6
28 "96
35 "98

43.9o
33"42
33.r-3
34.77

25.9L
25 "8L
27 "L5
18"53

19.98
!7.89
23.85
L8.78

25"23
1_B 

" 91
L8 .56
26"23

28, "30\s. is
30 "94
4z "96

79 "o5
72"05
76 "1.3
56 "24

BB "76
5L.72
7 5.t7
B3"se

B3 "t+5
78 .4t+
<.) t ct

7I"20
ryO n-

54 "95
69.e4
56 "19

75"3L
76,8c
tJ" /<.
81"40

81. 55
7u.i.7
57 "92
81"48

76.7L
74 "t6nt ,.t

73"08

73"35
54"49
€,9 " Zg
56 .67

L7
2T
r5
l_o

t1

10
L7
I5

t-5
L7
l_o
2L

10
L5
2L
r7

Gr¿rms lysine i-nfrrsecl per rJal¡
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rtPPÐ¡mIX Table 2O Part B" Nitrogen Ba"J-¿lnce Ilata Nitrogen
in-talce, Fecal Nitrogenu IÌctaj-neC l(itrogen, Percent
l\bsorbed hTitro¿5en Retainecl. (grarns per da1')

*E, Intake
Treatrnent lJi trogen Períod

Animal Fecal
NumberNitrogen

Percent
Absorbed

Urinary lle tai-¡recl l{i tr:ogen
Ni-trogen Nitro¡çen lle ta.ined

148 " 93

) r49 "49

1 5o. 06

L5'J.62

T
II

rII
ïv

T
IT_La

IIT
IV

I
II

IIÏ
TV

I
ÏI

ITI
IV

37 .53
tç3,t 6
36.o5
38.77

35 .6L
38.84
36 "2r
)5 "12

I+6 
" 5o

L+5 .47
39 "954t "27

4L.57
37 "83
4o" r9
37 "90

17 "46
36.54
25 "4r
3C "65

J,6 " 43
53"29
iL.I+5
n.'t ,) fL)o)L

4t¡ " 3o
77.99
24,gL
2t " lÙ1_

34.77
6o"sz
1-7.5o
29"75

93 "95
69 .22
87 "47
79 .52

97 "39
57 "3L

1AL,79
91"01

59.r5
z6 "t+985"1CÔÊ /õ(J/ôoC)

74"t3
5t "82
92"68
82 "82

eI+ .33
65.41+
77 "49
72"78

85"54
5I.82
89"89
79 .6L

57 "L225"35
77.36
80"67

6B, cz
46"ot
8lr. 03
73"58

23
L3
l2
I
B

T2
23
13

r3
23
I

l2
1'

U

1_3

23

Grams 1-ysine infrrserl per: da¡r
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APPENDIX Table 2l Part .4. Rumen. organic rnatter (Ottt)
d.igestibility, fluraen Crrrde Fitrer (CIl) + Ëther
Dxtract (ne) + Nitrogen Free Extract (NU'p)
digestibility in the Rrrmen and Abomasal Nitrogen
as a percent of intake nitrogen"

t{
Treatment Period

()If
Animal Digestibílity

(:å)

6 AI'I 6 PII

CF+ËIì+NFE
Dige s tibili ty

("þ')

6 AM 6 PI"f

Àbomasal
Ni trogen

6ÀM6r>Þr

o ï
II

rrf
TV

Àvg"

I
fI

ITI
TV

Av8,

ï
TÏ

IÏÏ
ÏV

Avg"

I
ÏT

rII
Ï1r

Avg.

L7
21_

r5
10

2I
10
L7
L5

r5
r7
10
2L

10
L5
2L
L7

56 "oL
45 "85
,+6 

" or
56 "L2
51"OO

62"49
36 "86
54.99
64. rr
54 "6r
52.69
25 "87
54"45
47 .2t
45. o6

r6. o4
6\.87
44.t6
j2 . t.+5

39 .38

5L. 09
33.31
66 "96ro.5o
4o .47

66"44
52"55
4z "ss
52 "8O
54.84

67.37
4l "ls
30"89
39.L5
45.!9

I+2.33
4g.zh
6o"59
l¡9.76
50 "6L

65.70
58 "94
55 "9t+()\.29
6r.zz

69 "zg
38.78
6z .45
7l+ . 55
6r "39

60 .l+6
37.L2
62.8L
58.48
54"72

29 "65
73 "06
57.26
47 .91+
5I.98

6T "4I46.18
74 "0625"3)
57"75

73 "136t "ñ
59.69
6s.zt+
65 .48

7 t+ .65
5L "964t "t9
5r. o6
55 .22

53 "38
6z "7662.41
59"57
60" Bo

1r1 " 81
r4l " 5o
I2o.2l+
101. 03
_r18"65

BB. 54
76"51r
94.74

ro5.55
9L.34

r.01" 7o
149 " r-Bro4" o6
L27.97
Lzo .7 3

t79.20
89.79

ttg . z6
L7o.87
L45 "78

1,2I.TL
t5z " 56

80" ,l1
L93 " 27
136 "84
so "36723.LL

Ð3"44
r33 " 56
L17 "62

83.58
114.11
r55.L7
t4o " jzL23.30

135. Oo
r37 .L4
85"27

1.L5.67
Lr3 "27

6

9

Grams lysine infuse<i lter clary



APPDNDIX Tabl-e 22 Part
DigestibiJ-ity
(percent ).

- L53

IJ" Rumen Organic
'frventy-f<;trr hour

l.{at t er
collection data

Trt Per An 6 Alr 9 Alr }PM 6 Pti{ 9PM 7-2 PIvl 3 ¡r¡t

Tfune

1 2NO0N

r23
rr t3

IIT L2
TV8

Avg-

I8
II 12

Irr 23
rv 13

Avg.

I
fI

rrr
TV

Avg.

ï12
rTB

rrï 13
TV 23

'Avg.

25.9L
46 "26
38,18
38.95
37 "45

59 "85
56 "274o.72
22 "78tg.gL

50. 01
rr"07
l+I+ . zo
39"58
36 "22

23.57
53.9r
6j .68
-6 "o5
33 "78

6o,24
44"4t
6t .63
58. olt
56, 08

4s"zs
58.41
52.32
52"05
52"13

23 .68
\4.26
55.92
4z"oz
4t.5t

6.49
4:-.72
22.92
l_4.g7
3L"53

5T.L9
33 "zt
57 "17fi.34
48 "7L

42"45
85.78
6o "72
36.h9
56"38

12 "9tr
-5.76
48 "39
34.55
22,53

zl+ "oz66.37
-LB .52
52.92
3L.2C

32 "3216.38
54 .47
57 .97
40"27

t+B "95
L5 "L7
5i"24
T7 .30
34"L7

78.69
--5r " 49
63 "to
52"09
2C "60

-10, B2
l+Z. Zj
.tt6.7 5
37.88
29 " 01.

26"24
32"53
30. 07
4l"tg
33.07

24"57
23 .69
51-,9L
5).89
38.52

42.62
1+9 . t4
5o.68
g,L4

39.r5

42. oo
55 "tt

-23 "2L47.76
3o"42

59 "30
46 .4o
34.93
39. 08
t+4 "93

18.51
55"58
43.36
é3 "72
52 "e7

5)"37
40 "rz
55"54
50.7 5
4g.gs

53.82
57 .56
4o.62
36 .51-
47.t3

5r.05
-o.62
4o. rg
43.o5
33"42

6.58
6.72

53 "t8
L3 .5t1
20" 01

44 "t94.3o
48.46
33 .41
3z "6o

36.7 5
4t. zlt
5.23

4z. tß
3r "!+3

59,86
44.4o
11"06
37.04
38"09

4l.zz
47 "77
46.25
33"02
Ì+2.7 o

47 "42i2. 02
56 "t+9
39 "93
49 "o9

-l-.62
48"9o
48 "7o
37.97
T.49

r3
23

B
'lt

Trt
Per
An

Treatnent (grarus lysine infused per day)
Period
Animal Number



- 7'ltu

AJIPÐNDIX Table 23 Part Il. Digestibili-ty of
Crude Fiber (Cf) + Ether Dxtract
Free lixtract (NFE) ir, the
collection data (percent),

a Total of
(nu ) + Nitrogen

nlmerr Twenty-forrr hour

t€

Trt Per An 6 AI'f 9 AÞ{

Time

1 2NOON 3 Pl.l 6PM 9 ITM L2 PM 3 ¡\l'f

r23
:tI L3

ITI L2
rv8

,A1{9.

I8
II L2

rIr 23
TV 13

Avg.

IL3
rr 23

ITI B
TV 12

Aug"

I12
rr8

fIT L3
rv 23

A.vg.

36.76
53 .62
48 .69
50"51
47 "4o

7r"50
6l.a)+
46.76
29.78
52.82

58 .68
LB .37
52.96
50.8o
45 . z<t

37 .54
65 .47
68 .20

1. 01
43. 06

68"39
52.47
68 .29
64.97
6t. sl

6r "97
67 .53
6L.59
57"58
62.L8

3L.7 6
53.99
64.o1
5I+ .48
50.92

28,.511
58 "7L
30.31
21, .26
34.7L

57"57
42.56
64 "t6
62. z5
56.64

63 ,63
rJ.4.29
67.o6
4t+ .36
7 2.34

27 "Lg
2, 03

59 .28
4T.zz
32"43

36.e7
26.68

-r4 " 54
it8 ' 3,
39 .35

4o. z6
2r.13
63"63
65.67
I+7.67

67 "35
32.59
6r .23
22.9O
46.o2

34"25
-41. sg

7L .2r
56.17
29 .5L

-Lo .29
55 "74
5r "98
t+7 "6j
36.27

18 .89
44"o6
42.93
52"L4
4l "26

5l .98
27 "18
58.4r
60 "784g.sg

54"61
59 .2r
6o.92
L6.Bz
4z "ag

5r.84
65.55

-t.7 .t4
56"29
39 "Itl-

6s "gl
55"54
46 "66
5L.09
54. Br

64.t35
64.98
51 .33
68 " t+4

6z ,4o

62.3o
r+B . Bz
64. Bl
57 "09
58 "27

66 "ta67.9o
t+8 

" 35
4r"ro
55.93

5e.85
t6 "zt
5z .6o
54"53
4s. sl

37 " 5I+
\7.7L
6t.14
26.rB
34"19

55.47
1r "95
59.86
!+3 .69
4z.ZL

54"oo
55.45
r1.91
52.66
4l"st

64 "7L
5L .67
L7 "72
4g "ts
45"62

65.64
58"53
5r .49
\r "23
54 .22

57.25
59 .66
66. sg
52. olt
58"89

20"oo
6r.98
56 "9L
43 .6o
4lt.6z

grqns lysine j,nflr-occl per rlay



APPDNDfX Table 24A Patt
as a percent of
NOON' 3 PI't) "

-r55-

B. Nitrogen Ììeaching the ¿\bomasum
fntal<e nitrogen (6 All, 9 Al'f 12

Treatmentx Period
Arrimal
Nrrmber

Time

6AM 9 Al"l J 2 NOON 3PM

6

9

I
IÏ

III
fv

Avg "

ï
II

IIÏ
TV

Avg.

f
II

rII
fV

Avg.

I
rr

rrf
rV

Av¡ç,

150, Ot
LOL .2L
r35.37
l.4L.95
r)?"L4

11r_, g1
96 "67
97.36

7,26 " 2L
l08"04

LO7.B2
LUa "ozrr7 "05
L3e "89L25.95

L7 4 ,22
L26 "9867.95
r55 " 44
73L "r5

96 "78
LLL.96
84.97
9a.43
96.04

1.13 " 53
LO5.t¡2
Lrz.57
86.67

Lo4 " 53

L26.rg
TLg,79
I OO. Bl
L45.19
L23 " OO

247.85
L77 "20
r28.78
J.29 . 01,
17 o.7I

93"42
L32 "rg
9""20

108 " 98
106 " 7o

151 "B6
2L3.79
t33.2r

118.58
r4l- " u6

r4z. 06
1.60 " 25
]-27 "82t5l+.to
746 . 05

r65.86
ro5.76
:-L¡6 "36
85 "32L25.83

r23 " 23
116. B_1_

1:t-o, og
93.87

11O"99

L3r "82
2(06 "7L
86 "65

r2T "87L36.96

185.15
206.72
93.6L
76"44

14o. l+8

r 14. 51
J-52 .34

89 "86
13O. 5O
12l..BO

23
r3
I2

B

B
72
23
L3

L3
23

o(J

T2

1,2
I

L3
23

grarns lysine in"fusecl per day



APPENDIX Table 24Iò Par^t
as a. percent of
IrIl' 3 AI"f)"

- l-56

B. Nitrogen lteaching the Abomasum
Intake nitrogen (6 Pl{, 9 IrM, Lz

Treatmentx
Animal

Period llumber 9 PI'f L2 Pl'{ 3 Alf

Ti¡'¡e

6PM

6

I
TÏ

TII
fV

A¡rg "

r
ïï

ITT
TV

.rtvg.

I
IT

rTÏ
IV

,lug 
"

I
II

ITI
IV

Awg,

23
I3
1)

I

B
1.2
23
13

13
a.)a)
I

1_2

T2
8

13
23

L6z.26
r27 "L6
759 "94Ltg "43
1,42 " 20

196.59
7OO "7 3
93"59
94"34

72r " 3r

9tì ,98
r2L "32
L20.<)7
244 .6r
tt+6.1+7

126.83
rL7 .9L
165.68
lrL.95
1.30.59

87. to
Lr7 " 53
l-47 "15
:-4t+ "9512h. 18

113.03
110, 17
LLz "36

69 .3c
roJ "22

106 " 2')
121"09
l.og.48
9'j.57

Lo7 " 59

134.08
r74 "76rr3.46
95.6L

r.14 . 48

Lo3,53
218 .38
L46.7o
r37.3!
r-51"48

2r9.72
128.14
LoJ . )t¡
17 4.92
].56 .68

L3L. 05
L4g.2r
1,3r.34
r3B "33L37.48

rB3 -93
758 " L7
1J+l- , 46
728.72
753. 07

74.a6
1.c\6 . I+3

r35 " 54
149, 08
l-16 " 2f)

L57.98
LZJ "t¡9

90"42
L24 " 40
!25. 07

114. 31"
TCL " 42
114. t6
tt+4 "79
LLB .67

252 . gr
tttz.6t
108.82
1ol..4f
r5L " 44

Grams J--rrsine i¡fused j)er clay



AI']PENDIX Tatrle 25
pl asma )

- 157

Part il, Bloo<l urea nitrogen (mgrllOO mf 
"twenty-four hour collection clata.

Trt Per An 6AM 9 Alf 3 PI\{ 6 I)M 9 Pr{ T2 I)M 3 ¿l't

Time

l2NOO¡I

r23
rr L3

IIT 12
IVB

Âvg.

I
IIrrr
]V

Aug.

ï13
rr 23

TIT B
IV 12

Ar¡9.

Ia2
IT8rrr 13
TV 23

Àvg.

1Cì,2
10. o

c¡-()o1

7"I
e.6

10, g
6,8
8.2
8"3
9 "O

B.J
11.9
Ll ,5
8,o
9 "4

7.9
11 .8
10. 1
8,o
8.85

IL.2
10" o
10. o
8"9

11"3

II.7
9.6
9"5

1_r_ " o
10. 55

7.7
.1-3 " 4
11" 1
9"4

LO ,25

1C. 4
r3 "6
10" 3
9"0
9.6

10.3
Lo "7
9.2
9"7

10.2

1r.5
7.r

12.3
9.5
9.35

9"8
o.,

70 "7
7.8

LO"75

9"3
13 ,1
10.9
9.9

10"1

10,1
8"3
8.Ll

L2 .6
o2

8,1.
J.o.7
8.6
6.6
I "35

8.2
IL "7

B.B
9.7
8.9

9"9
o)
7"6
7"9
9.5

7.3
9"5

1C" 5
8.o
9.9

7.9
12.O
IO.2

9.O
8.7

7.L .6
e"7
8.2

11 .3
11" 4

11 .3
9.8
8.3

_10"6
1l"0o

10.1
13.2
lc.1
8.8
9.3

10. o
13.4
9.6
9.2
on

B
7.2
23
L3

9"7 11.o
7.7 7.2
8"3 12"1
8"4 8,1
9"95 e"7

10,8
ro,6
e.3
7"L
9"7

l.o"o
8.9
6,9
8"3
9"4

li-.4 L1-.2
7.t+ 7 "81o"1 6"9
B.B 8"4
9,30 9"r

7.!+ 7.7
17..9 11 ,3
11.O 9"2
7.5 6"9

1O.O0 8"1

8.3 8.2
11.8 1.2"2
1.o.8 8 "gg.r 8.7
9"o5 8"6

Trt
Per
An

Treatment (granrs J.ysine infused per day)
Period
Aniynal- Nurnber


