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Tr¡o experiilerrts rvere corrdu.cteci during tir.is investi-

gation. In ilxperirirent I, tirree trials r4/ere condi.rcted to

stud¡r tl.e eff'ect of ç'ater intake on nítrogen :utj-':.-ization.

'liater intaf<es r,rere either 6n 8 or LZ 1-j-tres per" sov,i per day

rsith gestation rations tested corrtainj-ng 10 - L9 percent

protein" 'Ihe rnajority of these studies rúere corlductecl in

the J-ast third of pregrran:.cy arrd inwo.lved the use of tkLe

nitrogen bal-ance technique. In additíon to tïre nitrogen

analyses, rlrj-ne lvas analyzed for a rrurnber of or6anic conr-

pourrds related to i:rotein netaboJ-ism.

In jixpericient IJ-, rri-ne solds r{ere studied throug'hout

gestation rrsing the nitrogen bal-ance techniqri.e and u.rirle

analyses as for Experiment T. Ðr-rring t}.e fírst 54 clays

(av.ra-g") "f pregrtancy (Period. f ), tkre sorvs r.íere fed a

barley based ¿'estatj.on- ration r,¡ith. a ni-trogen bal.ance trial-

conducted at tl:e end of this period. Subsequently, a

nítrogen-free purified ration rüas fed up to ti:re IObI'L day of

pregr-rarrcy (Period ff ). After 18 days oïr- thj.s feed, eacfr sorr

Ilras put ora a nítrogen balance triai-. Ii'rorr tire l0th to thre

LLSth day of gestation (Peri.oA IfI ), tkrree semi-pur:i-fíed-
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rations v'¡ere L1sed. i].or one treatment, tlrree so\."'s \r,'êrê fecl.

arL equivalent of [iO 6. of lrroteirr 1:er clay (rnain_tenance

ratíon), anotherLhree sol1¡s r^/ere fed. the equivalent of ljo
g. of protein per d-ay (prodr,rction ration), antd a tÏrrlrcl .group

rvas fed 12o a. of protein per day attained by ad.ding lysine,

nietl.ior:.ine a:r.d d-iani¡nonir.::n cj-trate to tlre ¡eairrtenance ratíon.

1.he 1or,¡ (ó t,/aay) or h.igi:. (tz L./aay) i+ater intake

hacl no sigrrificant effect oïl the apparent proteirr dígesti-

bility coeff icient, ';rinary ni-trogen excretion, or niirogen
retention. Ilorr'ever: âs míglrt be expected. a híg-h level of
rva-ter -i-ntake si¿nifj.cantly increased. rrrinary rrolur¡te ancl

l-oruered specific grawíty conipared to tLre lorr' water i¡rtalce.

/r h.í6L protein intake reduced urinary volr,-ulie apparent-

1y because of a si¡nul taneously h.ígì:rer nì-trogen retention in
thre body. rn othrer rl7ords, tire sor,,/s increased apparep.t ,¡¡ater

reter:tíon løh.en a híg'her protein level ¡r'as fecl . Ãs raig.ht be

expected, urj-nary nitrogen and urea f}-rctuated nost consist-
antly rv1-th protein intake.

.4, test of urir:,ary creatj-nine 1eve1s as affected. by

terrperatr-rre and storage ti-me showed that temperatlrres of
27oC arrA 38oC irrou.8let about a rapi-d. l-oss of creati¡ri¡le r.,¡itirin

,,3 da¡'s tirne. ltlre dail¡r creatinine ancl creatine excretion
tended to be corrstant regardless of treatment. 'l-he daí1y
uri-nary a¡rrnonia walues, except when d,i¿unmoniutli citrate r,iras

fedo waríed considerably and rr'itl-r. litt1e apparent relation



to treatrnent. The a:nor-¡nt of daily allantoin excr:eted in

uríne tended to be correJ.ated rvith protein intake, sotrrs

fed the liigh l:rotein intalçe ?rawing t}.e hr,igher al-lantoín

walues j-n tl- e urine.

r.io sígnif1cant treatment Cifferences ín tire total-

number of pigs born, tlle ntunbers of stiJ-J- born, pig birtir

lveig'Lrts or. tirree rqeek rveiglets r{ere detected in experi_men-b

II. i4il-k protein cot'r.centration in the first rveel< fJ-uc-

tuated rvith the gestation protein i.ntaire of tlee sorvs but

rro sígnificant differences tvere detected.

Th.e additíon of lysine, nietiri-onine and dj-a:rnronir-lil

citrate to tkre niaintena::ce ration for sotr'!¡s dr-:ring tkre last
25 days of pregnar-rcJr hacl no significant effect on so'1,¡rs

tveigirt gain, reproductiwe perforrnance, a-pparent d,ry nratter

digestibiliti'n apparent or true crucle protein d.igestibí1ity

and nítrogerr retentioïl as compared rvith sor\rs fecl the rnain-

tenance ration.

ïn e:<peri-men-1, If o tkre total serufl protein arrd.

albumin leweJ-s tended to decrease gradual-1y dr-rring gesta-

tion.
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TheoreticaJ-J-y, orrce a bodyIs r¡etai¡o1íc nitrogen re-

quirenrent is rnet, the araount of urinary nitrogen excreted.

skrould fJ.uctuate consj-stentJ-y ruitl. protein or nor.L-protein

nítro3en intake. lloruever, tkrere is some ewidence that

rvater intake and conseqr.:ently volune of rrrinar¡r excretion

ca¡. influerrce urirrary nitrogen otrtput in hurna:rs, dogs, ancl

ri-uninants. /.s far as srvi.ne are concerned. such research has

not been done.

Recent researci: at the Universíty of i,ianitoba using

th.e nitrogen -ba1 ance technj-que, lias shorvn t]nat satisfactory

srvj-ne reprodr-iction ri¡as obtained. on lorr'er daily intaiçes of

crur-de protej.n tiran those general-1y recolnnlended. by the

l{ational F.esearc}r council . since 1.,'ater was suppli ed_ ad

libi-t¡¡n in th.is lvork and no precise consurnption recorcì.

Icept, it r.ras consíderect of interest i-n r-rsing ttre nítrogen
balarrce teclrnique to simultaneously stucly rn¡ater and protein

intakes ancl ni-trogen excretion in gestation. sinilar]y,

since no comprehensive gestation d.ata on organeic urinary
cornponents relateci to protein metabolj-sm are awailable, it
Ï/as opportune to il1vestigate this area simultaneously.

l'Íith the concept that am.ino acicls are basic constit-

u-ents of protein, by providing tlr.e animal rui-th an ideal
balance of amino acids it is possible to obtain opfimura

grorvth ancl reproduction at tire lo'.'¡est level of dietary
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if,roteil1 . 1'hís lcirrd of ap¡:roach stii'¡rulated much research in

mono8'astric animals and exterìsive r.¿ork has 'Í:een clone in the

fieJ.d of srril-i-e nr:tritj-on. i{olr¡ever, l-ntlcil of these data are

concerned with the use of a¡rj-no acíd, (=) as a- si-rpplernent in

the Ciet for youlg gror+ing l?igs. In reprodi-tctíwe studies

some data on a¡irino acid requirements of grawid gilts Lrawe

been published recently. I{ov;ever, there }r.as been rro rvork

puìrlisleed to date or:. the use of amino acicls in the diet of

pregna-rrt sorrs. T1.eoreti-cal.J.y, r¡regnant gilts reqrrire

protein for nlaintenance, reproductj-ve ìfl-lrposes anct g'rorvth

lrhereas pre6rr.aïr.t sol,¡s sh.ould not need, protein for groluth.

Since lysine and lnet,lrionine are Llsi-talJ-y the first

trvo li-uritinS' a-ri-riuo acids and are commercially availa-b-Le,

it r,¡as decided. to j.nitiate str-rd.ies in thì-s area by supple-

menting a c1ai1¡r mairrtenance level of protein r,¡ith ttr.ese

trvo arrino acids . 
"Ùith 

meth.i-onine considered to be involwecl

in the formation of creatine and creatinine a special

interest in urínary leve]-s of these compounts r{as obwiou"s.

-Ihese a¡¡rirro acid- additions rrrere niacle in t}.e last 25 days of
preS'nancy having been prececied by tivo periods of rsh.at uiíglet

be corrsidered first a- storing then a depletíon of bod.1-

protein. Since fetal groluth occurs .orj-rirari]-l¡ in the ]-ast

t?rird of pregna¿ncy, tlle final treatment period. cor:ld. be con-

sidered a good stress ora the bodyrs T¡rotein reqrrirements.

rn t,fris r'rori<, frrrtleer data l,¡ere collected on the organic

u.rinary cor:rponents reJ-ated to protej_n metabolisnl .
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îkre ljffect of Protein T+tal'-e on .iep.Iocluctiv-g

SSrfqr¡"ance of Sr i

Jesperson a:rd û1sen (tgSg), iÌeyer (tg+O), anci

OJ-afsson (tg:O) conclucì.ed, that tltere rvas a- strong cor-
relation i¡etrveen ieeavl' birth r,reigirt and. survival rate to

ten r't¡eeks. iloLrever, ewídence concerning the effects of
nutrition, especj-a1ly protein 1ewel, ufron birth r,.¡eigkrt is
very contradictory.

r,rany investigators (Dawidson L93A; 'JìerriJ-l et a_1,.

L953; Lenkeit, A957; Ðuncan and Lod6e, Lg6Oi 'Eoaz, Lg6Z)

have contended tTtat the nu¡ri:er of pigs bo-rn aliwe an<1 tkreir
birtl-r lueiglt are rrot i¡rfluenced. by ir:adeqi-rate protei_n in-
talces. rn orcler to be nore exact on this matter recent
l{oriiers }rawe tried to ctefine ruore precisely the protein re-
quirernents for pregnant gilts and sorus. Devilliers et al .

(rySa) assumed. a biological vah:e of 6o for dietarlr protein
and srrggested tl.at 2oo c. of iitri:e dígestibleil protein are

needed for nraintenanrce arrd grorvth of th,e gilt rvitje a:r

additional 50 a:td 95 a. dai1y of digestible protein re-
quired to meet tire intrarrterin.e a:rd inanrmary tj-ssue need.s at
the BOth. a:rd lOOth day postcoitum resìrective]l,. Se].f et_

aJ-" (tçso) srr-ggestecl that protein requ-irements for fetal
Ðroductíon, grorrrthr a¡rd maintenance can be niet by a d.ai1y
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suÐply of about 3OO S. of digestible protein. CJ-avrson et

a7-. (tgSS) de*onstrated. tnat as J'ittJ.e as O.14 kg. of soy-

þearr protein per gilt daíIy in gestation did not si¿;nifi-

cantly affect reproducti-we perfonaance of srr¡íne. In L965,

iiilne sho'rt'ecl tkrat pregnant sorrs reprodr-r.ced. satisfactorily

by feedirrg 1]O g. crude protein per day. Recently, in tkre

report of liippeJ. et a!. G965u. tr. ) O.Op kg. of protei-n

dai].y duri.ng th.e ].ast 4i clays of pregnâfl.c1r r+¿r sufficient

in terri'rs of tl.e r-rsi-ral reprodtrctíve criterj-a. They suggest-

ed tirat a ctaiJ.y intahe of 0.23 k¿¡. crud.e protein fro¡.n a

high energy, corrl-soybean meal d.íet ¡,,/as sufficient to meet

the gilts essentiai arnino acid and amino nj-trogen needs

during the J.ast one-third of pregïLarrcy.

1'Frus t} e essentj-al ar¿j-iro acid and non-pro-r,ein nítro-
gen needs of t}.e gravid ailt in ter¡ns of crude protein are

considerably less l"rtart t]r'e daily reclu.irernent of o.4l- kg.

slr3gested b]' ldational itesearch. Oouircil (tgSl+).

only lin¡i-ted data support a higlt protein intake clur-

ing gestation to obtain optirrrrm pig- surviwal and. lveigirts in
tlre subseqr-ren't nr-rrsing period-. i{anso¡r et a1, (lgyS) report-

ed tirat sorrrs fed 11 or Lü 1:erceret protein had. similar

.oarturition perforrnaJrce, ?¡ut that tïre 1rígs resistamce to a

scours-type disease lr'as ¿3-reater if tire sotrrs h.ad received. 'the

higfrer 1ewel of protein clurj.ng gestation. stevensorr amcl

i}l1is {tgSZ ) oì:served a sig'nificantly irigtrer surviwal rate



of pigs from gilts t'nat had received O.3O or O.J2 kg. pro-

teín daily ciurj.ng gestation, than froir sortTs fed O.26 k¿9.

prcltein dail3r.

ProteilS iieten_tj-on of_Slgine Ðurinp; Gestation

Since so tnalry 'workers favor Írore critj-cal- eval.rration

of the da,¡rirs performance as an inclicator of ttre success of

protein intake for reprodnction, nitrog'en retention of tlee

darri duríng pregna-ncy as weJ-J. as birtJ-r r^'eight, surviwal rate

and l-ì-tter size of tne yor-lrrg can l:e considered as added

crj-teria of trre adeqrraclr of protej-n j-ntalxe for reprodl-rcùion.

l-lasic to a consideration of nitrogen on protein re-

quirements for g:estation is a lcnowJ-ed5e of mainterlaïLce

requireinents for ¡.;ro tein, i . e . endogenolrs -urri-nary rri_trogen

and rnetal:o]-ic :fleca]. ieítrogerr. :\fter thi:.'Ly-oire balarrce

trials rvith sj-x soïrs, Ilenning (tg:g ) fo-,-urO t'i:s.a'L tire niean

rrrirtarl' excreti.on of endogenous nitrc¡get-t lras LJ "J mg. per

kil.og'ram o:f 'body lveight ctaiJ-y and tire reJ-ationshríp Ì:etr.¿een

enclogenous urinary nitrogen and live rueight in kj-losrarns

could be expresseC as;
n f1 Diajùrdogenoii.s Urinary llitrogen = O .O7 íJ,g i,i ::. í '))
-l(9.

ït 't'r'as notecl th.at endogenous fecal nj.trogen rras rela'bed to

dry reatter j-ntaice as v¿e].l as i:ody r.reigÌrt and could. l:e ex-

pressed as;

',,{ 
o.5952ÐnrLotenous Fecal- lVitro¿g€J_l = O.a355
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Àr:nstz'ong a¡ld níitcÌre'l1 (L955) frave tairuJ.ated

nreia-i:oLic fecal nitrogen values rangj.ng frour A.63 to 2-.OC

S. ;:er 1.:g. clry rnatter consi-lnerL rviríJ.e 10ó ng. u::inar¡r n-Ltro-

Aerr per O ,?'tU *"= tire urinimr-ue endogenous urinary nitrogen

output per da-r' for the g-roruing ;oigs.

Stud.ies by F.i;cpel et al" Qg6SA.) silowed tnat meerl

daily rnetabol-ic f,ecal nitrogen and endo5enous urinary

nit:lo6e:r:L excretion \,*'ere, r€sllectively, L.37 ancl 6 . S A. fo::

1.82 lig. fed dail]¡ to pregnant gílts.

i{e_oroductiorr in the pig as rewier,¡-ed by Ð'"urcan ald

Lodge (fggO) gave sonie attention to extrauterine stor.age

of nitr:o6*en. Ì'rany reports (ilVa:rs A929; I'itche1J- Lg3A;

Lenkeit et ?t. L955 ) irave siror+n t?ra'b consider¿¡-blea-, b. '

nitrogen rvas retairrecl for e,x.trauterine storage j.n pregna:rt

pigs . In acldi tj-on to tieese experirnents . 'Pertzes (f 9e f )

anaLyssfl t?re orgarrs of pregnant anci norrpregnant sol¡/s, and

found irecreases iir" rveíght durireg pregnaTlc]¡ for urarzy tissrres.

?i:ese ti ssues partially íncreased nitrogefl storage, but,

tire nitrogen con-centration stiJ-l decreased becau_se of th.e

great irydration.

L-enkeit a¡rd Gutte (tçyf) and. Lenkeit (tçSS) detected.

a consíderable extran:terine nitrogen reteratj-on during; one

to two r¿eeks prior to l:arturition" lìetentj-on of nitrogen

ïüas especíally oronounced after the 95t1t to lOoth day of

gestation, wíth tire amourrt retained closely relatecl to ttre
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qu-a::lt i tl/ f ed .

Their Ìr¡orl{ a-1so ir:clicated t-nat' i;he nitroS'en stored

by the ,,;::avici gilt rvas e:itrel:ie1y lai:iler âs evj-ciencecl iry a

sizeaÌ:l-e ne¿;atiwe bala¡.-rce occtt::rin6 after pa::'f;u::ition.

jii].ne (tyt¿f) studiecl nitrogen retentiorr for pre¿:tant

sor.,/s fecÌ k2û, 24O or 17O A. protein ciail¡,-. 1ie for-urd that

nj-trogen retentions cluriirg gestatioli rùere si3:tificantiy

lor'¿er for anirral-s receivin¿; 24O åj. a:rcl lJO E-. of' protein

ctaiJ-y. ].n trial- II, a iilarl.-ed increase in protei-n-retention

occurred iru:rediately post-breedíng rvit'rv a fi:rtkler si-3nj--

ficant rise l ater in gestati-on for an'i r¡ral s receiving 17O 3.

pro tein c1ai13'.

lìippel -e¡f gÅ " {tç55.u) ptnsented- a rrore er:'bensiwe

ewal-u.atiorr of the 'bota1- nitrogen requlireiuent of 'uire 3'ravid

gi].t as d.eterni:r-ed ì:1r nItrogen bala:lce. 'ltre¡r ill.ustrateci

tirat effíciency of nitrog^en ::e'¿ention plateaued. at alli-rrox-

ir:ately J-2,5 1:ercent protein on both the 8it1: and lOitir

da1's, Ðostcoitun. Cìílts feo the 9, LZ ancÌ" 1J percent

i:rotein cliets sir-or.¡ec.L sui:erior aì:i1ity to retain nitroSen

at the I a'ú cr s tage .

iir,rino;icid Stuclies arrd lirnino ¡lcici Intiralamce

'iiitir the iürorrlecige tirat a¡nino a-cids are basic con-

stitr-rents of irrotein a:rd, that animals r:equire a itr.olrer

dietary bal-ance of aniirro acids in aCdition to crude
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Tlroteirr reqilirements, exten-sive research has been done orr

díetary arnino acíd ;'equireinents, balance and ilniralance.

In L)O6, lciJ-lcock a:rd- i1opkins, the first r,\¡orkers in

tire an.ea" of a¡ni:ro acid i:al-a-rrce, reported tLtat a srrpplement

of tryotolriranr prolonged tire lives of mice fect a tryptophan-

free díet consisting largeJ-y of zein. î{iti:ín a short

tirne, Osirorne and i.iendel (l-gl-L) d.emonstrated. specj.fj-c re-

quirements for J-ysirre and suJ-frrr-containing a:ni-no acids.

Sr¡i¡sequentJ-y, tirere rr/ere rlunierolLs rvorks ruh.ic:ir

strrclied amino acid srrpÞlementsin tle diet for poultry as

r,¡eJ-l. as youlr.g grolving pigs. rïs a general finding, tbre

kind and anoirnt of amino acid aCded as a. suppleä:ent to the

diet is related to ttre qua]-it]' and quantity of the intact

protein in the diet.

Sol-dewila and ir,iead.e (tgS4) ruorkect -wít-h groning pigs

using L - lysine and ÐL - methionine addítions to bar1-ey-

soybean meal díets. T?rese data shor'¡ed a higirly signifi-

ca¡t increase in nitrogen retentj-on due to ]-]'sine snpp].e-

nentation, but no effect due to metLriorríne rror a lysine x

¡netl.ionine interactj.on. lherefore, they suggested tirat

J-ysine rvas the first lin:iting arlrino acid in a 14 percent

protein barley-soybean meal. díet based ore a L3.3 percent

.orotein barley. 'lire addition of ÐL-methi-onj.ne alone or

in combination ruith lysine dj-d no'b bring aÏ:out rates and

efficiencies of gain su.perior to tirose oi¡tained r,rith tþ.e
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addition of lysine al.one. rlpparentJ-y barj-ey protein

supplied enougir ¡iietirionine and cystine to lneet t}.e needs

in tizis experiment.

For pregnant aniurals, onJ.y limited research h,as been

d-one in t.his area; t).ircpel gt eL. (t9ft5r) used a:nino acid

supplementat1on of intact protein fed to grawid gilts to

stucly essential a¡nÍ¡io acids requirements. they dernon-

strated t}:at, O.42 percent J.ysi.ne, O.37 percent ísoleucine,

and O.28 percent rnetirior:-ine-cystiire were required for nax-

ít¡ru¡r ni-trogen retenti-on, l¡ith tire giJ-trs reqi-rirernents for

these arnino acids stril<ingly si¡nilar to those of t} e

finish.ing pig (Seci;er et al. , A9æJ .

'Iire effect of a diebary irrrìralance of ainino acidsiras

i:een obseryecl by rnany investigators. i:lose (f q:S) and.

I'razier et ?{. (l-pLZìl ernptrasi-zed that tTre inít1al resporlse

t<> af-ì. j.mbal-amce of a.r-nino acids is a depressiorr in food in-

tal^;e. It i-s al so lcnown tl:.:at anirrals rsi-]-l- consume more of

a proteín-free diet th.an of a diet cor;-rpleteJ-y deficient in

one a:nino acid (Frazier et al., L947; Greenstei.n a:rd.

\rÌ;-nítz, 796L). itecently it was sh.or,,rr that the plasrna

amino acici pattern of a¡rirnals fed on an a¡nino-acid-defi-

cient diet ís ci:aracterized by a very J-oru concentratj-on of

tlr.e arnirro acíd. l'¡hici-r ].imit s grovrtlr (Longenecker ancl l{ause,

L959; G.ray eL 4L., L96O).



13

i'/qter Intake Studies

';,r}.ile several r,¡oriçers (Lepkousliy a-nd l.uruta, t96O;

Õrizek-, L959) trav" studied the efllect of v¡ater ad,d.ition to

diets, a revierg of the líterature indicated a dearth of

inforrnatíon.

studies on rrrater intake effects on nitrogen balance

by liiiej-shi. ancl ifccay (L96o) r'orking ivitir dogs sleorued. tl.at

a decrease in lvater j-ntake resulted in lov¿er nitrogen ex-

cretion and tktat a:r i-ncrease in ryater in'Lal.-e h.ad thre

reverse effect.

Fì:rttrer stud,ies by llressani and. llralam GgA+)

obserwed that the increased rr¡ater í¿rtahe of d.ogs resrrlted.

in lor','er retention of nitrogen at loru or irigjr levers of

nitrogen inta-lce, and in most cases dai-ly excretiorr of
urinary urea ciecreased rr¡iren rn¡ater intake increased. ,r.hey

concluded ttrat in rrl]trogen l:alance rvork, water intai<e

sl. ould rernain as constant as possj-b1e to red.rrce tkre varj_-

abiliby j-n nitrogen reterrtion.

:llogd Serum PJ:oiein Stud.Les for.srgj_ne in Gestation

FriedeJ-l- et_ aL. (tgit) .ttd i\iiJ.J.er Sg ..r-. (r9ór)

published data on seraun r:rotein 1eve1s and cornposition in
sr..ine noting tk.at tota]- serLujl protej.n sl.orr'ed. little chan5e

as gestation progressed l¡ut tended to fa1J. sli-ght1y.
sj-r.nul taneously, small increases in serun alburnin levels
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occurrecf and corresponding, propor.tional- decreases in

globulin fraction rv-er'e observed. conversely, srrith. et al .

(tg:g) .tr.l .riei:oud et aL. QgeS) ,.vorlcing ruitlr trr-rmans

obserwed a decrease in seru-rn al bumin simultaneously r,¡ith

an increase in the proportiorr of gamuia and beta gloi:ulin

fractions irrkri.Le totaL 61obil1in 1evels fe.]-l_.

l3rooks e! a! . (t964) rvorkin6 r.,'íth growin¿- pigs

fornd t'?tat lysine supplementation resurted in increasecl

serLlm protein and sez.ì-rri1 a]-'bu¡iin ler¡e]-s. Äna]-lrses of l¡]-ood

¡:rotein fractions indicated t;:.at serurn albumin patterns

i:right l¡ecome useful as a rneasure of 1:roteín ad.equacy.

Hoivewer, according 'bo ir.ippel 9! ?L. (f g65¡ ) , alteratio¡rs
ín seru.rl-ì protein T.rere apparently rüor"e dependent uporr the

stage of i:re'gnavLcy thram uporr aclequacy of anníno acid intake.
lt'ir.e fal1 in serLlrrì g'airü1a globulin prj-or to parburition

paralleled tire fa1l irr total serr-ulr protein. Tl'e relati-we

corìcentrations of alpha and beta globr-rlin increased as

pregnarlcy progressed, but al-buni1l 1evels tended to decrease.

Urinary SturdieS

Srrecific Grawity and rrL:

trr¡een

under

'flre specific grawity of rrríne reormal.J-y waries be-

1.015 and 1.O25 but is subject to ro¡ide fJ-uctuation

trarious conditions. It inay fa11 to 1.OO3 or lorr'er
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as ti:e res'.lf i, of co1:i.or-rs r.,'ater drirú<ing and rise to L"OLçO

or'.ni¿;ner because of -tr"eiloconcentra'Liorr cìi-re to excessive

perspiratíon. üertain d,iseases (cliabetes, nei:hrosis anct

antj-d.iuretic h.or¡:rone pitressin deficíencyi ca,r aJ- so in-

fJ-rrence ti:.e specifi-c gra.vity of the urj-n.e.

'Llhe i'iiclneys ula]¡ secrete uri6e rt'íth a pi-: value as

J.olu as Lr.5 a-red as i.ri'gr. as 8 .2 r:-trcLer ertrene cond.it:lons .

Îhe r:rean pii of the norxlal nixed. 24.-hour sa-in¡rle is aibout

6,.o.

pll, i s dei:enclent a1 ¡ilc s t e:rtire11r urllorl the natrire o f

the d.iet, ìre:LnE; 1or,,r or-r ¿l- iti-gh l:lo'bein <riet, rr'hj-c.n yieJ.cis

i¡i-.¡-c.h su"1fr-rric and ptros¡:Ìroric acj.ds r-riJol1 rnetabolism, anrf

irii;tr orl a 'l::igh ve¿ieta'ble and, fruit dj-et, \rr}lich ir¡|err

netabolizeil y-;eJ-ds a basíc resj-clue :l--ror,i o:licÌation of tne

potassiuii: and soc.líulii sa1 ts of orga:iic acids present.

(,r'est anoi 1'odd., L)1Lt).

O rå'ani c* ]JL!- narl' C o inqon e:r t s_

t,r'rea a¡d Ärmonia

U'rea j-s the priricipal ond .product of lrrotein

(amino acicJ) netaboJ-is¡l in nailmlal-s in general. , a.rrcl irr

certairr lor'.'er forms of 1j-fe. In tire i:unra-rL it r-rsr-ia1ly re-

ilreser-Lts [:ìO to !O ¡rercent of t]re total Llrinarl¡ ni'troüen.

U'sua11y, tlte l?roDortion of iritrog'en as urea increases as

tire total urinary ni'i;rog'en increases, a:rcl vice versa.



On very lol'r protein cliets urea rray rellresent 6O ¡rercent or

or less of tire total ni-trogen. The quantity of u.rea ex-

creted, in. general, is proportional to bhe total- protein

metaboli-srn, v¡hether this protein represents foocl protein

or ti:e proteín of ti-ssue u:r-dergoing catabolisn'i.

Amiironia, nornral.ly, is the second r¡ost important

nitro,g'erÌolls sul¡starrce of urj-ne quantitativeJ-y. Ordi-

narÍJ-y, 2.5 to 4.J percent of tire total- urinary nitrogen

is corrrÐosed of a-r-nmoniur¡ sa]. ts. Cn the ar¡erage tiris r'e-

presents a-l¡out O.7 g. per day.

Since 'i:oth rrri-rrary ammonia arlci urea are derived

fro¡¡l the a:nino gror-lps of tire aräino ¿rcids, for a given

qr-ra-ntity of nitrogen e:¡cretedt afr. in.crease in tire amount

of tlee oree leads to a decrease in tire aniount of the other.
.Ihe quantity of arrunonia in the urine ntay ire enornousllr

increased- ti:rougl. leydrolysis of urea by bacteria in tkre

bJ.acjcler ("]'"titis ) or. other parts of the urinary tract .

'rhis baterial ¡:roductj-on of an:r¡lonia frorn Llrea irr norrrlal

rrrine uray taice irlace if the samples are storecì rn¡ithout

preservative alhaline ferrnentation" (r,tunro and. /r,11ison,

L964! T.fest and 1l'<¡d.d, L.q64).

C rejr*Lil:e a¡r_d t?çSjrtj4j-qe

Folin (l-çOS); Siraffer (f9O.s); j,jyers and 3-ine

(ilgtS), arrcl iiiahn and iieyer (tgZS) from circumstantiaj.

ewidence adrduced. tirat creatine rsas Íì r/âste product of



L7

protein r¡reta.bol-isr: fron tnt-lscl-e ancl rvas elina.tecl. as cteat-

inine in the urírre.

Lofgreen ar¡d Garret (tgl4), i'iíller and Iìlyth

(t9t5Z'¡, and Saffle et 41. (fg¡S) shorued. tÌrat thetrcreatin-

ine coefficientlr in steers, hluirans, and hogs respectiveJ-y

is rela.tecl to the aroolÌrlt of rnuscle in thre live aniri.a]- .

Af ter tì'oJ-j-n I s (tçOS) cJ-assic str-rd j-es on protei-n

nietaboli-sn, thre conceT.>t that the creatirrine e;:cretion in

aduJ-t a;rimal.s and rsaJL rùas essentía-J-J-y constant a¡.d not

srrï:ject to chan¿;e a.s a resul.t of dietary protein nanj-lru-

1ai;ion has risen contínuous1y.

Paton (tçOyJ ; :learcl (tgLrl); üiror,; et gl. GçeS) .nd

l,ialia¿;anr'a e! _å+-. (f9O4), reported. tttat creatinine excretj-on

Iras just as wariabJ-e as ar-ly otiter urínary cotllpollent a:rd

dependent upon -the type of protei.n and kinds of anj_no

acids in tire d.iet. 'Ihe recent report by Fians (tg6S)

sïrorved tTta'c creatini-ne excretion rqas not corrstant and

waried rvith proteirr intalie and a¡nino acid content. On the

i:asis of these exper.inentsr Eo pattern rr¡Iaicli woulcl 1:er:nit

pri:diction of creatinine excretion as it related to tir"e

l-eveJ- of dietary nj-trogen or of ani:ino acicls couJ.d_ be dis-

ti.nguished. 'Iìhe conclusion of Bearcl (tg\S) suggested.

that free amino-acids stj.muJ.ate creatine syntkresis,

and subsequentl;' creatireine excretion, rnore readily than

;orotein. fn a str-rdy of sheep Van i.{ícl<eri< et_ aJ-_. (J'V6S}
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iJ-J-ustrated th.at tTre irrcreased creatinine oi-r.tpr-rt in

resÐorrse to íncreased intak-e of protein rvas sig'nificant.

TYre creatinj.rre rr¡as fourrd to be unstable and to cleca¡r

rapidl¡,r ¿f, the normal- i¡li (€;.4 to 8.2) of sheep u_rirre at

temperatt-tres from I ! to 39oC; Tror,.rever, ïlo J-oss of creat-

inine occurred during a fiwe-rnontie peri-od rzhen urine \,/as

stored at its nornal- nlL but at 4oC.

A11e-rllÞoåJ}

¿\]-]-arrtoin i-s formed in the liver by tiie action of

tire enzJn$e uricase Llpon uric acid, ancl the euantitlr ef

tire substantce in rrr*.rre varies rvith the amount or actiwity
o f thi s eTLzyme .

ÄlJ-a¡rtoin- occurs in varying amorur-ts, in the r.rríne

of practicalllr all- ¡narr1al s. In the case of srt'ine coït-

versiorr of purines to uric acj_d is minor so that pigs

excrete all-antoin in re]atiwely large amorrnts. (itest and

?'odd, L964) .
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fliese ezperinrents l{ere conducted ¡t¡ith síxteen and

nine sows Lrseci in experinients L arrd II, Têspectiwell'.

AJ.l- solvs riiere cro ssl¡recls i44'1" Landrace, 20Íá l'lessex, L3';L

l'ieJ.sh rvitir smal 1 qrrantities of the i,íin¡zesota No. 1,

Berhshire, îai-Í\.rort-n and Yori<shire l¡reeds) uod bred to

Yorkshire boars.

Tlrere l¡ere three trials condrrcted j-n experimen'b f .

Trial- I rvas conciucted in the sLunmer of L965, and used four

sor',rs r,.reigiring 'betr'reen lóJ to 17O hg. at th.e start of tkre

trial. ll e stage of ¿lestation at tbre start of the trial

l'ras approximately tl:e 35th day postcoítun.

i'Iitrogen ba1 ance trials Ì.rere conducted rn'ith trvo

protein l-evels and trso 1ewels of Tr'ater intake tn a 2 v' 2

factorial arrangement, ltith- the exception that eacÏr sorv

T\r'as trr'ice tested on th"e hj.¡;Ìr and lorv lewels of rvater in-

take. fn the fírst period, a sor.¡rs ruater j-ntalce r+as

clrangecl froci a loru to a Ì:i-gir leve1 rvit?r tFre revel:se of

tiris in th.e second periocl and vice versa for the second

sow ín each'. treatment.

Tire 1o¡r and high protein ration contaj-ned L2.7

Ìrercent and 14.6 percent protein r¿itir 2.27 kg. of eíther

ratj-on fed daily per sorrr. l¡or tir.e lorv a¡rd iri-gh rrrater

irrta-kes t ea.c'tL sorrr was given 6 1. ot L2 1" per day during'
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tire nitroálen i:al. amce trial-s. Jr week 1lrior to tkre nitrogen

balance tria1. a:¡ci. betl'¡een tir. p."ioAsl solvs vere pi.or"ided

rritir- a r''ater intai<e of [ì 1. per sor,r daj-J-y to sta-ndardize

body -Érater reJ-ationships .

1l'rial II ruas condrrcted in t,re ruinter of A965 anci

used eight sorl's r^,'eig'hing, betlveen ZJJ to 2jA L;g. rrith tire

stag'e of gestation at t}-e start of the trj-al a\¡er.aging the

85tir da¡r lrostcoiiuin. Iditrogen balance trial-s rrere concì.rrc'¿ed

on both lor'¡ and high ¡lrotein J-ewels; i,rith each. sor.!'tested on

1or'¡ and high leweJ.s of protein inta.l.-.e.

?Y¡.e 1o'l.,' and hi-gll proteirr rations contairred a-pp::oxi-

nateJ-5r 11 percent a:rd r 9 percent p::otein ¡.¡itir 2.2J L;g. of

either ration fed clail-v per soT'¿. 1lach sorr rÌâ-s crovicled r.rith.

I 1. of rvater daiJ.y" fn this trial , clne solr frorn eacn

proteii:. 1eve1 farrorrrecl at tlr-e beg'irrnirlg of the J.ast nitro6en

baI-ance 'bti,aL, ti.ierefore, their data r,iere excJ-ud.ed.

?rial l-TI r,¡as condr-rctecl ì.n ttre earl¡r su.ìlltiter of 19ó6

rsittr four so.rr¡s rr'eigtúng- betr^¿een 2lio to 7Jo kg. arrd th.e start

of th.e trial- ruas at anr average of 92 days postcoj-tum. :.'ior'rewer,

oÍl-e sotrr' farro'r:'e(i during tlee first nitrogen bal-ance trial , ared

the data r,Jere exclrrdeC.

îhis trial r','as conducted aln:ost the sai.ne a-q tríal

rr l"itTr tire onh' difference bein¿; that i:arley insteacl of

corn ryas used as ttre prirnary enersy and proteín sour'ce
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i-n the rations. 'lìhe 1o'rr' and irigir pro'tein rations contai-ned

airpz'oxirnate1-y 10 ;:ercent anci i8,:e::cen'L proteirr.

In alJ- trial.s, feed and r'¡ater r',rere r¡rixed and fecÌ

trçice claiJ.y, '1.,'it,: hal-f tlr.e total- al-lotn¡ent fed each mornin.g'

anrcl late afternoon. Îeed anrd r.;ater r'¡as-t a¿je rvas seldoi:r a-

prclbJ-eãì lr¡i-ti1 the sotrr¡s ¿;'eneral-1y conslli:lin¿; the eirtire a:llount

r'¡ithin JO ninutes,

-¿\11 c¡f tire nitrogen bala:rce trj-als iiiere con-ducted in

nreta-oolisnr crates I'.litif roolrl temperature i¡ett:teen 2J and 29oC.

iiation corlpositions for e:;períinent I are presented in taj¡1 es

I a:rd II.

Dliperirterrt fT r'¡a.s con-ducted frors :,iay to Octoi:er of

L965, rvith three separate perioCrs of gestatio¡r corrsiclerecl .

Nine sor!'s rsith initial. rr,ei¡;hts l¡etrreer':. 181 and 22J iig. rrrer:rj

i.is erl as e.-llre::iiilent¿r]. arririials .

in period I, nine solirs irrere fed ¿r basal r:atj-on

containi,lg apÐr:o:<imabely 1J lercent -proteiir. ;111 of t}.e

sorlrs r/ere group-hand-fed 2.2'i tr<g" per sol,J c).aJ,ly (once lret

¿.y) rr¡ith water a4 ].jågglig frorn tiee cl.a'be of breedins^ to ar'r.

arlerage &3r¿ da.-* of gesl,ation. irro¡n lrj 'bo 54 cia3's, sor,rs

lï,ere ínclividu:rl1y feC 2"21 kg. of th.e saiì1e::ation r.r¡itjr 81.

of rr,'atelr pe:: sor,r dai11'. .i:. nitrogen- iralarece i,rial r¿as

condi-rc'i;ed i.,'ith each solr in the 1as-L 6 clays.

In ,:eriod Il-. tlie scl:rs ìr¡ere fecl a :eitro3en-free

purified ciiet frori: aoproxirratel-y ,che Slttit rlay Lo g0th
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1.4'¡i].o r: crli'ipos]-11'ruri o¡'_ l-utrrûid Fût¿ pIg_Ð¡rri{prqr, I

L2 . J',:' t4 .6,'j"
Crude Protei-n Lorrt Protein i-Íi¡;h Protein

tl'o

oÒ. )

10. o

1.O

o.5

-ltrote t 7. Dry vital:¡j_n Ð. and vitamirr j,,_ rvere added. to thre' ¿ --"'--- -L2
ration to supply lój I.U. anct 11 ug. per kg-.

respec tiveJ-y.

2. Api:roximately 10 kg. of either ration rvas pre-
nixed rvit}- vegetaì:le oil and- chrornium oxicl.e to
gíwe a final coïl.centratioïL of O"J;å vegetabl_e oil
and O. J':å chromium o;:id.e.

day of pregrearrcy. rrr order to maintain a calorie intake
sj-rnilar to peri-od rr, eackr. sow rdas fecl 1.82 kg. of tire puri-
fiecl ration rvith B 1. rvater dail¡r. .¿\ nitrogen balance trial
rr/as initiated at ani average of JZ days of pregnaÌ.r.cy.

In period ITI , àt tne gOth day, cf pre¿rra-nc)¡ untiJ-
farrorving, th¡e sotrrrs were allotted. to thrree treatnients l:ased

Ing'redient

Bar1e1'

'Jats

Soybean meal

Ä1fa1fa ¡nea]-

i'Íea-t ¡neal

Li¡nestone

Sal t

¿rB.o

35.o

3.5

10. o

2.4

1.O

o.5



D.)

'fÄÌlI.iì ïï : COi-ÌtrOSr lIOi{ O¡¡ i-ì.Á.'l.fUl'[
fi{IÄLS fï Äi{D

¡,'Oiì EXPÐliIi''[ili-{'l I r
I]-I

Trj-a]. II 'llria]- III

Lor.¡ i1ígh

'io ",o

Crude Protein LLi,,
Lorv

L9',,"
i{ígi.

67 "oo

20. oo

10. oo

1. OO

o.50

o.50

o.50

o.50

Ingredi er:t

Ì3arley

Corn

Soybean meal

À1fa]-fa rrreal

llone mea]-

Limestone

SaIt

r/egetable oi].

Chromiurn oxíde

Pro tein irro tein Pro t ein Pro teín
a;

86.7 5

10. oo

1.50

o.z:i

o"5c

o.50

o.50

Bó.75

10. oo

1.50

o.25

o. 50

o.50

o"50

67.OA

20. oo

10. oo

1" OO

o.50

o.50

0.50

o.50

iiio te: 1. Ðry vítami-n Ð2 and witainin 3r2 rì¡ere added to

tire ration to supply 198 I.U. and 1l ug. per

kg. respectively.

2, Ä commercial witamin supplernent containi-ng

r1boflavín, calcir.¡rn pa:etotkrenate, niacin., and

cho]-ine chloride r.¡as added to lneet t.he níni_mr¡lü

i{.i,¿.C. stamdards for ribofJ-avin., pa-rrtot}renic

acid, and niacin. Vitamin content of io r i.on

I{as calcuJ-atecl using values in iil .-it.C. nl-rtri ent

requirements for swine (t96,11.) and used. as basis

fo'r addi-tion.
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on bod)¡ Tìieiâht a:rd previous nitrogen 'bal-ance trial- data. In

the first treatr¡ent (Treatnrent I) th.ree soI,JS tqere fed. d-ai1¡r

2.2'/ J.'g. of a serli-purified maintenance ration supplyinS' 80

A" of crude protein dai1y. 'l'Ïre nanre ¡naintenal'tce ration

refers to tire fact that J-t suppJ-J-ed a rnaj-ntenailce leve1 of

crude protein based on iiennings (tgyg) formuJ-a. iì'or the

seconcl treatment (Treailnen-b ff ) another tirree so\ùs hrere fed.

the ¡naintenance ration br-rt lvith orre percent of tire a:nino

acicls 1-ysi-ne a:rd, r¡retirionine (ln the ra'bÍo L.J6:1-) amd one

percent ciiamr¡oni-ur¡i cj.trate (n.t'l .C. ) as a soì.Ll:ce of non-

protein nit:r'ogen Íncl-i.ded. lir.e treatrnent :il: rat:ion coll-

tained a cru,ie 1:rotein equivale.at of 5.3 Þercent, and rr'as

fed at a J-ewe1- of 2.27 ke. per day supirlying 12O Aü. of

crr..de proteín dai1y.

Ïnitia11y, in order to ì-:riirg tSre total- nitrogen i¿rtaite

of 'lreaL¡irent l-I simiJ-ar to Treatmeat l-II, 2 percent anlj-no

acid,s (sa,-ne ratj-o) ancl 2 percent Ð".iri.C. tr/ere added to the

maj-ntenarlce ra'ti on. I-ior,ueverr the sor{s refused to ingest thís

after olr.e feedÍ.ng. Sr-rÌ:sec1uent1.y, a series of rations (4"þ

arlino acids rvith mainteltaÌ1ce, J,,i antíno acids and 1ii D.i.Í. C .

with raaintenaïLc e , a:rc1 1!5 am j.no acid s and. j,:" D.¡Í. C . r,¡itl: main-

tenance ) r{ere tested. r,¡i bhr each- of t.he tÏrree sol./s. l¡.f ter oïte

or tr'¡o feedings all of t.he¡:r refused to ing-est the lai-gi:.est

a¡¡ou¡rts of a:i-rino acíds and non-proteirr-nitrotelt- as includ.ed

in tire urainterr.ance ratíon. llor.'rever, the sor.Js fanrJy reacliI-y
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accepted treatment fI as outlined so they rer-naj-l1ed on this

ration for 'fÌie duration of the tríaL.

'"tire treatnent III ration ¡ras fed at a level- ,tf 2.J

icg. dai-Ly. Ttris ration rvas a1 so referred to as a lnaintenarrce

and production ration si-nce the level of proteirr, L7O g. per

solù rler c1ay, rras based on i.iiJ-ners ca1c''rla-bion {tgeS) of the

gestatiorr if,rotein requireilent. 'lhe nj-trogen balance triaJ.s

rvere cond.ucted- frorir the 1o3rd to LOTtn clay of pregr'LaïLcy j-rr

a1J- tirese treatments. In experiment II, the feedíng proce-

dures rvere the satae as for experiinen't I rr¡itir alJ- indiwidually

fed sor.,/s provided rvit.h B 1. of water daí1y. i¡.fter f'arro'.'¡iirô,

sor.Js Ìvere f'ed a standard Lacta'tion ration apilroxi-mating the

I'I .-lt.C. requirements. l'he ration and lrrater rtrere provided

a,4 1l-*lb_u¡ti.

lL'tre ratj-on corirpositions for experiruent II are ifresentecl

in 'la'bJ-e TIl,, IV, arrd \r.

!l-Cæ.gj,t*Þ;|1+!v ata-q Ni !q9 g9n.

Ðigestibility arrd nj'trogetl bal-a¡rce studies rùer'e con-

clucted in both exlreriments r and. rr. For four days prior to

and during the nitrogen balance tria.1- soTrrs lr¡eïe fed the ration
coÏìtaínirrg O.J;, chro¡niunr oxide. ¿fter trvo to three clays sotirs

rùere placed in the ¡retaltolism crates and rrrinary catleeters

I{ere i¡rserted (cunninglartt L)jJ; lì:i].ne 1965}. ri orre or trr¡o

rlay adjustrnent period was allor','ed., tnen feces a:rd urine were
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'fA3l,it I_r_I: üO¡.íPOSITiON O.ir :ìi¡.îICrt{S trOlt :Ìtxp;iiìIirrLlrri,Jl II,
PEJ.¡TO.DS I A]{D II

LJ,iL
Period I

a¡asa-L -iâïaon

U

Period If,
idi tro gen-Ii'ree -

Purified tìatíon
Ingredient ,:i' Ingredl-ent i;

Barley 81. O Cel1u1ose 2.O

rlJ.falfa 10 . O Corn Starcl. g3.4

Soybeare }IeaJ. 6.O Ðefluorinated
jlock Pho sphat e 2 .5

Ðefluorinated
F.ock Pkrosplrate O.5 SaJ.t A.5

Limestone 0.5 -,¡ita¡linsb O.l

Sal-t O.5 ùorn Oi1 1.O

Corn Oí1 ]-. O ühro,:iium Oxide O .5

Clromium ûxide O"5

a. Dry vítami-n D2 and i¡itami.n'Ér, tïre::e added to Ì:asa1

ratíon to silpply 198 I.ij" and lì ug. per kg. respectívely

b. Vi-ta.rnin mj.x accord.ing to itii:pel e! a!. (fgóSb).

col-lected separatel]. for 3 and 4 consecr-rtive claysr respect-
ively.

Þxcreta Str:di_es

T}.e daily volune of urine r¡/as record"ed.. Âpproxi-,nately

10 ¡¡r1 . of fresh urj-ne r{ere collected daily for total nitrogen
deter¡nination by macro-hjeldairl tecirnique. TLrree -oercent of



'IARLLI IV: coÌ"iposI'IIoi{ oi'' ijUrlfoti tr01ì Ð}ípl}1il1'!itT{'r fI

)n

trileToD ffI

Inßredient

Barley

Ðeirydrated AJ.fal-fa
1'1ea].

Corn Starch

L)'sine & itietlrionine

Ði-amrnonir:rir Ci trat e

Ðef].uorirrated }ìock
Pho spirat e

Salt
.b

v r- tan-íar1-

Corn Oj-1

Cirroraíu¡n Oxide

'freatment I ?reatment ïI Treatlnent III--*-i----_"-7-io i¿ 'it

22.O

5.4

oo. /

22

o.5

o"1

1.O

o.5

22.O

5.o

oo. /

1.O

1.O

,,

o.5

o.1

1.O

o.5

48.7

5.o
)"> ')

2.O

o.5

o.1

1.O

o.5

Dail-y Protej-n
Intake, g.

DaiJ.y Ðnergy
Intal<e, caJ- .

cLys r-r1e

BO

I, 21O.6

1 '1 r.lcLl r0

L20

I, 2O8.3

nry¡ i. ( /'iÒ

' 5oí'b

]-70

B, 32O. O

.3o,i:,

"23tþ
-l.ietkrionine & Cysteinec .11,;i

a.. Lysíne and líetleíonine lìatio 1-.562L.

b. Vitamin mix according to itippeJ- et

c. Ca]-culated walue"
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,:1

ci¡,1:i-ir¡ lir-i-.i.-.<; Ðliï,¡--r1.1¡¿ r¡-i'ca-c:::. sol¡ lijia.s ,:oo.ì-ecl ¿ìirr.c1 ::e,'>t t-.:':.

r'.í:e,,--í'i'ec:,e. (a-:';,1.>::<-r:ri-ltai;eiJ¡ -220¿;\ :-r::ti J rjete::¡irj-i:ra.'licn of

Vírrj-OLr-S rlrinaÍ'-1/ cùi¡t:tonen.tS, ::aiire.l-l¡. c:tea.tiiie, Cï'eaii¡1j-tîe,

uT'ea-, aÌr?rlior-i j.a ancl. ¿L1l antoirì r,Jejre con.clu.cteci. '.lrea-ti]]e ail(1,

creati nirre iLete::r¡inalicr: 'hrere iliad.e on a1 I sa-¡:r'L:l-es of l.¡ot.it

ex,,lerjrûelat T ax.d -!-T, buit tl:.e staì¡i1 i b)," .best r.,.as orrly deter-

irirLecÌ -Ln exÌ)erj,nler:t ll , t:r.j zzL I, -r.-rsin.ij the teci:niqlle clescrii:ecl

ï:y ,ii-cLardson ("Lç59'), Peters aircl Tar:Sl-J,tie's (lç,:l) rreti:roct

rr¡âs follorvecl for the Cete::¡rii-:ration of urea an_d an:r';ionia an.cl

1,¡a-s usei. o:: sanl;r1es of tr:'-¿r--l- I-i ¿-urcl II-L of e;i;_reri.iuen-L _i,

ai-rci al-l tjre sa;:ri)J- e s o 1' ex,cer-ilient :1-l- . .rilJ.allto itl ,iras onl1'

cietern:i.:r.eci i:: e-':+e::i-lrieilt -iI a-ccord.inij'-i,o t,he lire'Lh.oci of ïou-.n,'ì

/'1Jrt\,anû io.i11!âJ¡ \J-).ia ¡.

/i\,( r.T \ i/- . .---ç-!lj.jlp"jii' jlr!.J*il{:L:i!:f 4"f iillririi.rxlr-qii

-rg:åççi:,:t-tl!

'- ^-^'ì ^--.)ar- )_ç J

Solri:ean i',eal

Ðef].uLorinated lioc1.,- Fi:o sphate

Li-ure -qt<¡ne

:-r^ 1 J-
Jd] U

Lac'La'cio.n :iati o:-i

i

"o

.)

¿t:2

L5

o

1

C

1 Lry rrítai;ri-ir :i!, l)2 anc- .:.:a2 Ìì¡elre adcleci to la.ctatior:. ,l:a,ùio¡-r

tr: s,:Lir=>l.¡' l-i5C T.l-l . , ?-,',1:. I. - . a;,ci Li rli-j. ;)cr- :rj. resr.)ec-

tiveJ-y"
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Approximately 1OO A. of green (CrrOr) f.ces rvere

collected. every 24 lrrrs. ancl store'd in tkre d.eep-free.ze. At

tl:e end of tirree dayts co1.J-ection, the 3 saniples from eaclr

indivídual sorri' r\rere pooled a:ed kro¡nogenized. .4bout JO rn1 . of

1Oi1, hycirochloríc acicl T.Íere ¡nixed. 'lyj-th eacïr honogenj-zed

sampJ-e, in order to ¡:revent fecal a¡nmonia evaporation whiJ-e

tkre samp]-es r^rei'e oven dried- at 6OoC for J2 krrs. Dr], feca]-

samples rvere ground in a I{i1ey ¡nilJ.. äowever, in period II

of experiment II (nitrogen-free-period) ttt" sol,¡s consumed.

consj-derable krair whicl appeared in the feces. It ruas

necessary to renrove thj-s hair by a puiwerizing-screenj-ng-

process (Size 9.i incll, 3 times for eacil samr:1e). .4, cirror¡ic

o:<ide deter¡:rination rvas nade orr feca]- samples of ex,oeriment

I and Tf, witle the rnetkrod. used as d.escribed by Ðrrnsky a:rcl Hill
(tgsz).

Illood Sen-:¡r Studies

"rjJ-ood serüm r^ras only studied in ex¡teriment I I . At the

end of eacl period, approximateLy 20 ml . rrere co]-lected. fro¡r

each solls tail-vej-n and allorved to coaguJ-ate for trrro to

tkrree hours at room teinperatltre. 'fhe sa:nples r\rere tl-en

centrifr-rged for thirty minutes at 1,5oCI r.p.ln. atrd the serufl

rvas pipetted off ald stored in the refrigerator. 11or. chemical

analyses, serunl protein r,¡as deterurined. by the lnacro-kjldhal

tecirnique and electrophoretic patterns Tøere obtained. on each
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saillpl e Llsirrg the sphínco i'{odel rl.. paper electropharesis

systern.'i'Lre iratterns ojrtained l,rere assessed photor:retrically

on a Spl:ínco a::.a1ytro1.

i'ii1lc È_tJLdies

l"-rilk studi-es rrere only corrducted. in exlrerimeret rr.
Of tire níne sorrrs in the experiment, orte sorv' díec1 at farroruilg
in treatment r and post-nortem examinatíon showed a 8astric
ulcer, t\r'o haj-r i¡all-s in the stomach and blad.der j_nfection.

iJndoubtedly tire trvo r-anr icalls accu-mulated, ín thre period.

l'¡iren the nitro¿;en-free ration .,vas fed," Anothrer so1ir or-r- treat-
ilent rï rr'as re¡noved from tirj-s study at ter¡n because of
l¡ladder irrfection. 'j]hree da¡rs after farrowing., milk sanrl:J_es

r{ere col]-eci;ed frol11 severr sorr"s. pure oxytocin pituitary
(e.O.e.) r,.ras injectecl intravenously in tlre ear-vein to

initiate ni1lc let-dorrnr. The mil-k- from tJ:e first tLrree pairs
of functional udder sections refemed. to as the fronb section
were pooled. T}.e mi]-k saurples froru th.e renaining ucid.er

section referred. to as the rear udd.er section r\rere pooled.

1r'¡o rnl . of milk sanple 'h¡ere rrsed. for the total nitrogen
deterr,rination by tÌre ä¡acro-kjeld.hal method.

S tati stic a1 ¿i¡La]-wls e s

+lnalysis of wariance r.¡as d.one according to steel ancl

Torrie (rggo) wirh Duncanrs m*ltiole-range test (l-gis) used

to compare treatment dífferences.



I¿J'SLJ],:L'S Ah'Ð DISC-USSIOl'J

.l¡odt¡ iileiiiht Chan,_çies

.Average body rueights and gestation rteight ciranges of

e,-rperì-rnents I arrd II are presented in 'Ì'ab1es VI and i¡II

respectively.

In experíirent I, sol'¿s .r'Íere t'ueighed at the 'beginni-ng

and at tkre end of each trial.. It is difficul'L to cornpare

t}. e bodlr l+eight and rrreigirt changes a¡rorlg tl. e tl.rree independent

tr.j-a1-s, becamse of so lnany varial:les sucli as the stage of

gestation, the levefs of protein fecl , lengtlr. of trials and

the fer,¡ sor,¡s r-¿sed, lvj.t?r corrsecluently illore bio1ogical varia-

biJ-ity.

In experir.ieret iI , rvhen the basal ration containing

L2.7 percent crude protein r,,'as fed in period J-, tire sows

gained iteigirt. I{oruewer, tire sorrrs J.ost rveigh.t i-n perioC II ,

rvl-en the ni'i;rogen-free ratioïL 1,ias prowid.ed. TÌ:.is bodl,r rvej.g'lr'f

l-oss could be e:.rpected., becar:se the sows had to catabol-ize

th-eir body protein to suppll' tTreir physj-o]-ogj.cal needs since

no dietary protein r,¡as ava.i1ab1e.

In period ïII, tlre sorcs ir-r treat¡nent ITf irad the high-

est ',.,'eigkrt gain of t1¡.e t-i:ree treatr:rents arrd, a1 tieough not

signifj-caltl-y different, gaíned ruore than trvíce as mucTr

weiglr-t as the sorrs on tt-e other trr'o treattilents. 'lltren tire

ratj-orl of treatmeir.t II rvas fed, the average rr'eig1':.'b gains rirere
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only slightly lei¿'her tlian for ration of treatrrent f . Based

orr tiris smalJ- <lifference i.n body rveight, the added amino

acids anr.d non-protein nitrogen in the ratíon of treatment fi-

apparentJ-y díd not improve rveight gains as might i:e expected.

E:lclrrding tiee rveight 6ain due i;o tire develoiring litter,

tlre average ,gestation rueight gain of ti:.e solùs fed the ration

of treat¡:rent III rvas 24.3 L,-g. in conparj-son to 9.O and 6.9 US.

for the sorl¡s fed the ratior:.s of treatments Í and II ,

re spec tiveJ-y "

Lac-ba'Lion Perfoï'nlar.rce of Sorgs

'lire lactation perfrrniarÌce of the sows Lrsecì- in experi-

rüent ff is given in lai:l-es VII-I , IX and X. ft shorrlrL be

restated t\tat a1-1 sorr's received a Aactation rat,tort rvl:.j.cl: met

II .R.C . recluireiiients j-r:.cJ'ucl-j-ng a minirilu¡ll of 15,; proteirr.

.lì'or tne young pigsr ilo signifi-cant d,j-f:'ference in -bhe

al¡erage three r!'eelis rveigh.t due to tire so'l,rrs ¿-estation treat-

r:rent could be found. À i:ortion of the difference in ar¡era5,e

ti:ree rveel.i rvei6'hts could be related to tkre ni-uübers of pigs

rrt-lrseC in the three r!'eeiç-perj-od. It is i¡tteresting to note

t'nat tlte hreawiest averaéìe 3 ryeel., bocìy 1.,¡eig'Llt r,yas obtained

rvi'ul: pígs rvliose dam harl recei.ved the lorgest i¡roteín íntalce in

tl':.e Iast 25 dalrs of gestation.

l,iilh -protein conceritrations of t}.e 6ti:L or ]t?:. da¡r o¡

lactation appeared to va:r-y rsith the gestation i:rotein intake



))

?ÉÊi,.$ VIïI: SO1,I ;ICDY iIEf Gl'i'i Ci'¡¡1,itlG]I ¡lliu lilllt-t) COi{SiiUPT'ICl.l
Tid LAC'I}ITIÛJ{

'Ireatment IT IÏT

i{o. of So'rr's

irve. Daily rre
Consumption

Po st lìarror..'in
ï 1!

'i,Ieaning (3 rve
ioäy Ì,Ít.

:? ei g-Lrt change
j r"reeks

ed
per sors (Ls. ) 4.9!o 4.3tr.o 5.1tO.3

¿; Ðo d¡r
(ks. ) 1'Zrì . 5t7 .B L69 .oxL3 . j zoz .o!5.5

e1.-s J

i.n

(i.a. ) r7a.'ót6.9 LT j.3t18.Z r9T.oÈ5.ó

(i.s. ) +'3.c; -ù.J -5 .4

'l-reatinent __r_**_:--:***JJ TII

i{o. of Sot.'s 2 2 3

:ive. iro. ..iorn
(ative and dead) ç.o (t1.5-o "5ju 11.5 (ro.5-r.o)o s.Z (,s.:-o.:)

Jlve . jiirth il¡t.
("rrrive ) (t's.) L.7jxc.tt 1.51to.oj I.39xc.73

Pig i{o. d: Á-ve. iJirt}r
Lrt" (J i,reeir,s) (ks. ) L7-Lç.95xc.rg 2o-3.95to.rg 23-)+.49to.só

Iotal- Lit'ber 'ilt./^
i J r.Je er('s / lt-.-, \ c¡l, o

\jrö. / oÈÍ.L 79.o r03.3
:æ

a. ûne sorr dj-ed of gastríc ulcers at termt 15 yourló- lr¡êt'ê born dead
and e:<cluded fron tire data.

b. Cne sorrr had a r-rrinary tr"act infection; on].y J of a Lj-tter of
1J rriere borrr a1 ive a¡rd were e:rclu.ded fronr the data,
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of the sor,/s but no sig:rifj-cant differerrces r.¡ere detected.The

Lear i;dde:: sectiorr secreted a iniJ-ll r.¿ith a higne:r ¡flrotein

a
'tf,,i].tr ï: .i.rf]-l{ p;r.oîÐIj,ì. coi;cÐ}rTR"4.,lrojT Iì'{ éTlj oir. 71}t D:ty

O¿r LllCTÀli'Iû]'J

1Yeatment II IIÏ

Ìdo. of Sorvs

Front Udcler Sec tion 5.A3-O "97 6 .L9-O.56 6 .46-O .t7

ilear Udder Secrlion 6.L3-O"42 7.06-0.28 7.L3-o.LO

a" Percent Crude Protein per 2 mL" of milk sampJ-e"

corrcentration tl.an tkre front udder section. ÁJ-tirough not

rneasurecl , the re appeared to be a J-arger wolurne of milLç

secretion fron: tLre front udder section. as compared to the

rear portion"

j,iilne (tl6S) concluclecl that no sig'nifj-cant differences

in nunber of live pi-g's born, tlee nu¡nl:e:: of sti11 born or pigs

birbir rrreights could be detected rshen tlre da::rs .l.¡ere fed as ].ow

as I7O A. of protein daí1y in gestation. I{orvever, tiee loluer

J.ewe1- of protein in the gestatiorr ration dici. irawe a si3nifi-

cant lowering effect on ti.e average rveiglits of young and the

total. J-itter lueigirt at the tiree r.,'eek s-bage of J-actation.

'l'he yorrng of the sords r^¡hriclr. received the 1or+ protein ration

in gestation received al-most irlenticaJ- quanti-ties of ni11-* as

the high ,i:rotein treatl¡rent a^1-tirough due to a lor.'¡er protein



i/

con.terrt, sií.îír.i:fli-cant1-y J-ess i:lilk. protein at the oree \\ieelt

sta¡¡e of J-actatj-on r+as receiveci"

irippel (fqr:^) r*rrorted 'uhaù neither the J-evel nor the'a-'

sollrce of proteín fed ir-r gestation infJ-uLenced litter size,

nunber of liwe pi-gs far:ror,;ecl , 'birtir rvei¿itt of live pigs or

their ]-iwaÌ:il-i tv.

!*¿ss-!*.!-if-ijv*-cesæs:-u4*å

-e,pparen'b dr5' matter ancl crude protein digestj-bi1it1'

coefficients are r¡resented in .l'ables ]iI anC ,{fI"

àqyj,al¿!9^q

'lire drf iil.¿ter di-gestibilitl' coefficien.ts of trial I,

in experirrent I, for 1o¡.¡ and higir rra.ter i¡rtakes are verJ,'

si¡i:ilar and no si3'nificant difference anrollg their r.¡as noted.

Ïn coürpari-n¡; tiee drl' ¡1t11e:: cli¡;estibili'LJ'of the lorv and higir

protein treatr,rerr.ts in trial I, ex1:erinent I, tl:e dr1' matter

dJ-gestibíl-i ty of ti:e lorv proteì-n ration 'r,¡as si5nificantly

lrigher (r'<.Of ) than the clígestibj-lity of tlre h.igh proteJ.n

ration.

ïn tria.l-s II arrd fIl- of experi.iirer:.t I, in orcler to

r:ri-niuli-ze indi'r.,Lch-ral digestibility d.ifferences, so\r.s r{ere

tested on both l-or,,¡ and iri-gJi protein ration-s. T-ire Ïri¿'it

rrrotein rations of trla-]- s IT and îl-l- hacL hi¿'h.e:: clry i¡atter

digestibilities tjr.ar' ttre J-olv protej.n rations of trj-al-s ff alcl
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l-Il: , l¡ut no significan1; differences ì{ere detected. 'll:l.ese

d.a'ta of f;::ia-l s II arrd III- are in con'Lrast r'.'i-ti.: tirose of tri-a1

I, but arê j-n genera]- a-greei11er1t ititir cta1ua- b]' Scl:.neicler (t942).

In e:cperirnent II, the dz)' raatter di¿estibj-lity of

ireriod l- r,¡or-rld be expected to be sirrrilar to that in trial I,

experiment r, becauise tLre ratj-ons rrsed lrrere the sa-nre. Tir.e dry

r¡la'bter digestibilitj-es of peri-ods ïI and Iïï irrere irigirer tirare

for pe::ioct T a¡.d. t}e trial.s j-rr e::perinient I, becar-rse of ti:e

hi1;irly digestible cor'1'l starch rrsecì. in tkre rations of these

tt'.to pe.r:j.oCs.

fn period l-I , r.rhen the sor,rs ra.ere fed a purified

nitrogen-lree ::atj-oir contaíning 93"4 percent corn starchr âs

a general- observationr tlre feces from these so\,¿s llTelre markeriJ-y

reduced j.n quantity as r'¡elJ- as in moistu:re contenb. i'urther-

ïrore, since tr.;o of tire sorvs had an u-i-rrslial-J-y lort¡ indj-cator

(CrrOr) r.cow"r1r in tire feces, 6iwing clrl' ¡,ro¡ter d.igestibiJ--

ities of oniy J1l .8 percent a.rr.d 6Z"Z percer:t, tireir clata 1.,7€1ê

excluded from tlre tai:J.e. ?he reason for tiris niay be partia1ly

e:rplained by a very slolv gastro-intestínal -Ðassage rate so

that fecal nateríal- l'¡as not actualJ-y excreted but had to be

ära::rual-J-y renror,'eci from tlie rectur:r. In tlre subsequent perj-od,

the satite probleln c-Iid not aríse rvith these sor'is or ryith anrJ¡ of

the others.

trude Protein

Í-n :i-ríaL I , the apparent crude protein digestíbility
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values oï'r- tle higfr r.¡ater inta-l.;e are s1igh.t1y hig'her tiran tl:e

rra]-ues deterr'iirrecl fo:: the ]-ors r",'a-ter in.ta-l-;e, but there i-s rro

significant differenc e .

In i:otir experir;ients f and rf , ít rvill be noted tTtat

niean digestibilj-ty wal.ues for hi¡;h protein rations are hig'Ìrer

tha¡r the walues for 1o¡r protein rations, but only i-n trial Il-,

et:perir:rerLt L, r.r¡as there a significant ciifference (e <.01 ).
SimiJ.ar resrrJ.ts to tleese l¡/er'e sl.ol.,¡n i:ry i.iJ-ne (f 165).

Since these digestibiJ-iti-es are onl-y ai:parent digestibiJ-ity

walues; Eo al-J-or,¡a:rces3:-arre been riracLe for rretabolic fecal.

reitrogen levef s. If the J.atter are not considered, there rr¡ilJ.

l¡e a greater lor,¡ering of tire a.¡rparen-L dí¿çestibility coeffj.-

cients of tire 1or,r protein rations. ¡Íil-ne (tl6f) noteiì- the

tr¡.e crude proteir-¡ díg'estibilit¡,r ¡r.Lr.= deter¡ili¡red by Ärinstrong

and. I'iitcheJ-J- (L955) a:-:.cl .lIen:riïrt' OgSg) ,rr-d coresequentl¡r su3.-

gesteC ttrat the a;rparent digestibility difference obtained in

tlre tr.¿o rati-ons h"e tested r\ras l-rot rea]- .

fn these data a daí1y Inean va1r-1e of J.B2 g. cf endoge-

norls fecal nitrogen rvas obtained rsitir the lr-Free ration in

period fï, and r.,Jas rised as a correction factor to calculate

the true dj-gestiÏ:ility for periods f a:rd IfJ., iror conparative
purposes, t}.e encl.o¿çenous fecal rritrogen estimations of

I'fitcieell- and of i-ierrníng l{ere al so u¡.sed and these val-rres a:re

given in tairJ.e l{fII. ;:.s expected, trre digestíl¡ility is

al'rr'ays hj.gler tlta-n apparent digestiì:iJ.ity. ?'he rnost markecl.
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c}- ange is for ihe true digesti'l-ri1j-t1r va]-ue in treat¡lent I,

r'¡hich could be expected since tieese solr's receir¡ed t1' e lor'¡est

daily intalce of proteirt. Betrr'een treatn:ent differences in

digestibility are corrsicierably redriced r.¡hen expressed as true

digestibil-i ty ra.tk:-er tiran as ap1:arent cli¿estibili-ty.

1YlBLE ]ÍII: CO;ìF.ÐCîDJ] OÏI TiIÜJJ CIìUDD Pi:IOTJJII,Í ÐIGJ,SîI]J]L] îIJìS
(ii.rperinrent ff )

App. îrue i¿i t che11
True Di

corr.
est "

!ienning
True Ði

corr.
ireri-o c1s Di¿':est. Di-¡::est.

Period I
É/ô c}l-/.,7Di ge stíbi1i. ty

-tjeriod IïI Ðíg'estibility

l'reatnrent I 49 .Lt 77 .5

7L.9

74.o

lreat¡nent II x) lì

üreatnient l:II óO " O

'ftre resr.r]-ts

nitrogen e:;cretion

XV, lí/I and -:'iVII.

ilrine Studies

of urj-rtar]¡ afaalyses are based on claily

per soTi' and are presented in Tab1es XiV,

st.
r:i
;c

88.o or, ,:Q+.1

oo.l-

64.2

69.2

i'ù

r-Züu.j

*i2.9

í11 e

72.r

a. iieare of ltiitch.el]-rs .rùr.ciogenous l+ecal l,iitrogen = o.1 g./tao g.
food irrtalie.

l-. . ,rler::eing e stinrated Dtrr1 = A .L355 '.¡l ' 59-:2
sri .
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Uqil?rlr Vqlure

It is obvious that uriilary \rof-Lrrle carr be greatJ-y

affected b¡r t*ater in'tai<e. l-n turn, voJ.ultary l"Jater intake

is j.nfJ-uenced by envirorrmental. ternperatllre, exercise, nineral

i-ntal.-e as rre]'l-. as other factors. In 'l,hese e]íperirflerr'ts,

exce-'.:t for the daily amoults of r,¡ater or protein su.plJlied,

otirer envj-ro1']-rr1ental factors rùeite reJ-ativeJ-y constant. In

experiment I, trial I, due to the large difference in dail-rr

î'rater supplied, there t'as a significant clifference (P <.Of )

in uri.nary woJ-rrme betr"een tire sor'rs oia the lorr¡ and higtr v¡ater

intalçe.

In the present study, ar-ì- interr:sting result kras been

found rn/laere tl:-e protein j.irtake Lras affected tire urinary

volrrme. GeneraLJ-y, a higkr protein intake reduces rrrinary

voJ-luner or, in otirer r'¡r¡rds, the sol,r;'s increasecl airparent rr.ater

rete.ntion r.¿hen a iligfter pro'tein J-eveJ- rr'as fed. îire data are

irresented j-n 'Iabl-e ":|VII'I . Significant clifferelr.ces lr¡ere onl1r

;rotecl in e;;perj-;,r,:ll-l; ll , l;.riai -Li (.., <;,ur) a;rd in experirlent II

'rr¡h.era cor-rrparing periods I a¡rd. lI (i'q.01 ). Tlre la-bter conrpar-

ison í¿'nores tl:e stage of gestation, -but if i-t r".'ere cons:idered

ít is reasonab]-e to assurì1e t.lat noi:e rvater rvou]-C be retairred

l-ater: j-n ¡gestatj-on sucir as in -oeríocl TI .

Ás an explanation, tìre sor,r's fed hig}' J-evels of pr:otein

probabl}r íncreasecl rvater retention i.n order t,¡ heep a cor'lstant

plasina protein concerttratio:r in tkre bloocl or otller tisslle
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af ter tite -i ng'es'Lion- ancl retenti-on of e-:iLra irro-tciil fl:oi:r tïre

i:i-¿;i-r pro'ceil ra.'bic11s. -l.¡i. 1;he firs'u t',"ta t::ia,Ls of c:':Oe jri.;:le'i1t

L, si¡i:iÍ-ícant d.i.ffererrces i-n nitro¡;en retentj.on r.;eire rûoted

Ii;iler-Ì th.e hi i.,ir ¡:roteirr ra-Li,orr iì'¿rs f ec-l . Irr tr-Lai I-I.-i,, a

si.u:j-,1 a.r tenclerecy i,ias rroter-l br-rt a lacl< of n-L.r:ibe:rs i:robab'l rr

frrec1-ìldeci. an1¡ sì ¡.;:rì fj.can1, ci:Lff'ei:cnce.

li rccifi c .'¡3-1ril1r

Ilt ex.rerj.lllent -l-, 'br.-i al- I, 'ulle uir:inarlt specif-i c ¡;ravii;y

val.ues l- . Olil- anri 1 . 015 f:rorl tire 1or.; rta1.er in-talie are si¡5ni -

fi.cani,].y il.i.;ire:r (f {.O:-) Lloan the l-.OO5 anc'r -l .OOj rralr-res froi;r

tile hi6h ',,iater irrtal;e 'b:'eat.:lents. lLris cãÍrL ï-eâcli-1y i:e

e:l':r1 airreC. siiLce sotrr¡s i,i ve:r a greate:: an;r¡unt of 't'¡¿lter e-=<cre-te

a -l-arger v.ol,-r:,1'.e o-Î r,rrj-i:e r so tha'o, 1-ire ::el af,irre 'li:r'i:re coiacerr-

tratio:r fal1-s, .;'iv-i ng a J-or'¿er spec j.:ii c ¡;::avi-tlzo and. vice

l-r: conr;arirr3 the trvo:¡rotein ti:eatlrents of e;ri)erilr:errt

Jl., tri ais -1 , -i-:l- nrld ifl , th,e 1-:-3ii1¿r-¡;r si:ecific ¡,;ra-rrities a.lre

¡eneral.ly lii-3her ori the .hi;'h ;:rotein trea''¡,i:ient than on tÏ¡e 1oll¡

p::otei-n l,reatü:e:rt. ïor.,'eve:: a. si-g::l.ifi ca-nt dj-f'fe::ence r."ias on13r

cletec-t ecl in t::j al TI (f 4 "01). .:;airr, in e-xDerrj-Ìr1eä'L f-l:, the

r-1r:inary s';¡ecj,fj c ¡;ïa,vi'c). valLres j-r:rwesti¡;ateC shor'¡ecl ti:a'L t'¿Íren

sorr"s liror"e l_'ed mclre ¡l:oteiia, the.ur..i:j.r-:.¿rr].- s;¡.>ecific 3'r'a-rri-ties

rrelre lij-.;'}.er ar-rd více \¡ersa. :fj-th sor.lrs or a. h:L¡;ir pro-bei n

intake, tl err: l','as a largei: amoLr::t of r-r-r:in.ary nitrogen but a

s:rial 1ei. r¡oJ-u-1.¡le of rr::-L::e e)icreted resti-1-ti.;rg; i:: tire e.Levated
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specific gravities oÍ' 1;ri11e. In çtatt, the higtrer si:ecific

gravities of urine resr-rlting lrrhen rations containing pririiaríLy

natural ingred-ierats are used as cornpared to the ;curified or

semi-purified ration in experi-rnent II , would be due to a.

hi6Ìre:r mineral co4tent in such ratíons. Sui:sequeltl5', a

.g:.eater aÍilor;r:nt of inorganic ¡naterial- could be excreteri in tÏre

urín e .

Urinary i:lÌ

Urinary nHs are very consta.rrt corilpariïlg the treatments

wibhin eacÏÌ tr''aL. l-iorvever, tjre values are hiSner in trial I

than in botl. trials II and TI.t fo:: no apparerrt reasoll."

In experirnent II, tt-e .pJi value of period- I is hì-ghJ-y

signíficantly clifferent (e <.Of ) from ttre others, tDhre reason

is that soì.{s in period I tt'ere fed a basal rati-on having a

larger arïor-u1t of mineral than sor,.rs fecl the pr;rified-ration in

period. II ancl the semi-prrrified-ratiorr ín i>eriod III-, and tire

extra minerals rt¡ould tend to giwe a more alkaline PÍI .

llj-troa^en F>:gretion and :ìetention

The results of tire nitroSen balances are expresserl as

daily nítrogen reterrtj-on per solg and presented in Tal¡J.es )iL'{'

XX and i-n }'igure T.

In experiment f , tria.l I, tire lolr' and hig'tr luater in-

takes had no signifj-cant effect on nitroSen excretioll or
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nitrogerr::etention. lirese resul-ts c1i-sagree to¡ith the studies

l¡)r i{onislri ancl iic0ay (tgSO) ancl lìicardo antd lJ:ralnar:', (t961*},

rvirere botir ßrou..ps r^¡o:r:ked r,¡iti dogs a:rci reportei- tllat a ctre-

crease in r¿ater j.ntalie resul-ted in lorter nítroeen excretion

r.¿ith the rewerse effect r'¡itlr an increasing rr'ater intalce.

Tlrey su.Egesteci tiLat 'tr','o ¡lechar:isms could explain tire effects

of hi3-l: anci lols rvater i-ntake on- nit::ogerr balance. First' higil

j-ntaiies of rn¡ater may irave a flustrirr¿i effect on the kid:eey and

otirer tíssues rvashin6' out nitroEen irietaj:o1ites. Secondly' a

hig'h l'¡ater iretake may have so:iie specífic influence o1a tkre

forrrra'tio11 of Llrea colaseqi-rently increasinr3- T[rea excretitrn.

i{itir tiris di.sagreement, the cì.ifferences in species, bocil-

fr,nrcti-on, coilposi'r,ion of tne rat:-on and nj-trogen intalr.es irave

to be considered. i¡or exarnl:1e, irr t?re .tr'orl.'- rsitir dogs, trvo to

fiwe tiiires as rnucir nitrogen per k6. of body r'rei¡¿.let rvas fed

daíJ.y to gror,rirrg anij-ural s as I'ras fed in these st.-rdies to

gestatinß sou's.

.is rnj-glr.t i:e expected, in aLL these trj-al-s of e;iperírnent

I, urinary nitrogerr excretion lvas :..Tea-+¿e:: r¡itki th.e l-rig'h

protein irrta-ke. iÌortewer, e, significa::t cìífference lras only

cletec'¿eit in tri-a]- l-I (,t'<. C)l) . upposite to ttris olcservatíon

rùa,s ti:.e fact tTt"at nitro¿;en retenticn r.vas grea'r;er tiiit.erÌ -blae

hig'irer pro-beir:.-intai;es r.Jere girren. Sj.gnifica.rrt i'iif:í'erences ín

nitro 6en. re tentioir lr¡ere detec ted i-ri tria.J- I il'<. O5 ) a-nctr

trial- If (ld.01). ?he s¡na-l-l nr-r¡nJ¡er of a:rj-r:¿rls in tr:Lal III-
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crecreaseci tile po ssibilit;rr of a1L¡r 5i*ttifícant ciif'Í'erence '

lis e:iÐectecl. in e:ipe::i-rire::rt Il, the r-rriirarlr i1i¡"oÍl'err e)icre-

tiori of i:e::iod. I r'¡as si¿ni-ficarrtly iriSl er (r'<.Of) -Lna:l in tne

si-tÐsec¡-ren1; perioci II . iìfitfiin tire ttree trea'Lments of i:eriod

ïfI , so',!rs on boti: 'breai;ç¡ents II ancl TIÏ Ïra-d- si6nifican'cly

irigÌ.rer (i-'"f .O5) urinarf litrog'en excretion than sol'¡s o' treat-

luent I. 1o:: nitrogen reteni:i-on, sol{s @@@& fed 'Lhe basal ration

cluring periocì I had tle irigirest reteietioït of all perj-ocì.s. i,¡iren

'r,i:e nitrogen-free rat-iorr l'¡as f'ed in ¡:eriod Ii, Soltrs had. a llega-

tiwe rrj--bro6en ::etention wal-i-re. 'iìhe Latter va.Iu-e is tl.e sutl of

endogenous rrrinary nitrogen a:rcl tletabolj-c fecal nitro3err amcl

íts nega-l,ive value is to be ex¡recied sirrce no dietarl' rei'crogen

rdas si-rpplied.

in lreriod:tII , ti:.ere a-re n-o sign'ifican-t clifferences ín

nitrogen retention bet..r'een'{,i:e three treatirents. t\s i:rí3'}:t be

e:<pectecl , tyeatinen.t I had a iregative nitrogen. retention sirrce

tire ration containeC onlir enotrgh nitrogen for t:raintena¡rce of

ti¿e sot' llut rro-b for gestation. llortewer, treairiient -Li-, in

r,¡hj-clr a:: extra 5.5 g. of nitrogen claiJ-y l'lere suppli.eC ire com-

itarisor: to treatnent I, irad. a larger negative nitrogen reten-

tion tham trea.tr¡ent I anci thís r,¡or:lci not be expectecl.

./rpparently the 1J'sine, rllethionine and diannot:riu;n citra-te added

to tire ration of treatiire¡rt I Tracl no l¡enefj-t for nitrogen l:e-

tentíon in 'ûi:c present str-rciy. J-n expia-ining this, f'írst of a-11

t?ye ration of treai¡i:ent Il- conta'i n.ed O. JJ percen'v lJ.sine and
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A.50 lrercent sr-llpiLur aiüi11o a.cicl . 'lTrese leve1s are ailil::ox-

inrateiy trvo-folcl irigher than tire reqr-ii::eiirents of O.L.2 percent

-Lf.sine and O.28 llelcent rietirionine for ,3':'an'id g;í1ts su¿'g'estecl

by ;r.ippei (t965") =o the e-xtra 1ysíne ancl rrret}.íoníne t:ray

i:ave caL-Lsecl an a.¡-ci¡ro acid. j-n'iba]-ance. Solcle¡rida ar:cl I'ieade (f9úl 
,¡

ruoriiing ivitir girolrïj-n5 i:i¡;s suggested that rnet}.ionine '.'!'as

neither the first nor tire second linj-ting amino acid in

ì:arle¡r. Therefore, rrh.en lnet?rioni11e rlras added to the barley'

it r'.rould ¡:roportiorral ly ir:rcrease the 1-ímitire¿; amin-o acid i¡n-

balance. 'llheoreticalJ-¡r, eitLre:: taÌ;in-g netl.iorríne out or adding

1i¡:Titing a;:¡ino acids, the imbalance shoulcl be decreased or

elinrj-n.ated. 'Il:e solfs tested nal¡ lrave 'been ir: amj-no acid iri¡-

isaLaxtce rviren the a¡nino acids and dia:t;rironiuiit citrate 1'rel:e given

a1:, tire )ALln day of irre¿rr.ancy to test their acceptabilít1'. 'Ihis

amino acid i-mbalance n:j-gir-b have exísted driring t}.e nitrogen

-i-rafance stud.iesn a1 though. t1-is suägestion is less pronaì:le

tha-n the previor-r.s ¡-rossibilíties 6-iven.
.fhe efficienc5' of iritrogen retention fi¿ure given in

the tal-¡le is a meatls l:y rvhic} nitrogen excretion and retentioir

tnay Ìle consj.derecl sintu-J- taneou.sly" '11:e wak¿es g'iven denonstrate

tn.at for the hi¡;her proteire inta:ies testecl , a better efficierlcy

of nitrogen retention rtas obtained. 'llire lorver l-er¡els of

protein intake studied in experitiient II , period III r.r¡ere not

sufficient to niaintai-n nitroger-r" '[ral a-nce in all tlr.e sol'rs tested,

al- t}:oughr the surbsec-¡i;ent lactation perfornrance of tirese so'i{s
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rza-s r1o t aclversell' r¡¡*cteci. It is reasonable -bo a-ss-uilrÌe uie¿¿t

at soiTte g,reater pro tein inta-j:le, not tested here, tire efficiency

o f nj-trogen retentiorr r"ould be inpaired, i . e . the extra nitro-

gen rvou]-d- simpJ-1r þs excreted.

Dr-re to 'che range in protej.n intaiies str-rdied and the

great nr::nr:er of nitrogen balanrce trials condr-tcted, j-t was of

interest to evaluate these collectiwely as r¿eIl as in the

inclivid-tral. erperiments. 1l*irerefore, ín tJ:re present study a

total- of 58 nitrogen retention values fronr ex¡reririrerrts I and

rI, ad.j lrsted for r¡retabolíc si,ze ( ,li!:75 
) , are presentecl in

talrle ;l},I anci i-rr fí¿;r-r.re rr. Thi"t;:;"*t of tÏ:e nitrogen i¡al-

a.n-ce trials rdere conciucted at 72 days postcoitum or 1ater.

Ilegressíoir anal-wsis skror..'ed that r:-itro.gen retention Ìras

a hi-ghly si6nificantl-y linear effect r'rith. nJ-tro¿;en intal<e.

i:l.e.3ardin,3- nitrogen retention effÍciency' a daily nj-tro¿'en in-

tal.,e of 56.3 E'. is the optimr-r-:ü 1eveI or r'¿tren expressed as

crud.e protein, O.JJ irg. (i+ x 6"25j . .t3asecl on tkre data this

lewel gave optit'um efficiency of retention for tkre developing

¡roung and sor4e tissue storage of protein ín the so\ìr.

:ìi-ppel et gr-1-. G965u) iiaa the sanre response orr nitrogen

in-baice a:rd retention, i,e. a lirtear reJ.ationsh.ip.; holvevern a

daiJ-y intake of O.23 Içg. crude protein r,uas su.g3ested as

adeqr-rate for pregnant gj-1ts. Ðe\¡illiers et a1" (195S) assu¡ned,

a bi-o1ogj-cal- value of 5O for dietary proteirr and sll.ß'gested

tlzat 25O a¡rd 295 ð,'. of digestii¡le protein lr'ere requirecl at the
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SOth a-nd 10oti: d.ays postcoitum, f,€spectívely. 5e1f et al

(fçóO) sug¿;ested, tha-t protein recluirenents can be net by

dai1y supply of airorrt 3OO Éj. of digestible protein.

-úrea and .,'r-rnmonia

iirea arrd ariïaonia r,/ere deterr¿ined for all the samples

except for trial I of experiment I.

Urea is a primary end procirrct of protein catabolisln

in marnmalsn and its excretiorr is c1-osely related to tkre d.aily

proteire intaice. 'Iiris fact is clearly shorvn in both experi-

nients I ancl II . In exl:leritüent II, period II rrrl:.en- ti-ie solfs

Trrere fed a nitrogen-free ration the smallest urea walue of

1".9 ß. is note<l as coinpareC r'¡itkr tire largesi urea vafues of

2O.8 S" and 2'/.2 g. r,rher: the sor,lrs rüere prorrided ration cot-t.-

taining appro:<i-i:r ateL-¡ I) ¡:er-cent lrrotein.

It is interestíng to note ti:.at next to total nitrogen

excretion, Llrea e;scretion varied ilost directly ruitir protein

íntaire. In e:cperirtent II , period IIr on t.re nitrogeir-free

ration Llrea iuade up approxiniately 1! percent of the total-

nitrogen excreted -.uhj-le or1 tl.e irigh protein rations it r:.ade

Llp 66 to JJ percent of the total. ni-brogen e:;creted. Ðaily

alrea excretion J-eweJ.s miglet be consiciered a good measure of

e);oíienou.s cataboli srn.

lt¡:i¡;i<¡nia is o11e of tl:e r:rost variable urrine conrironents.

Several factors si-rch as the cor-jìposition of the ration, teiirper-

59
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atLlre of cl-enlical- deter¡:rj-natiorr, amd 1:ii of rrrine could have

affectecl ti-iese resrilts. fn experiment fl,, treatr::ent If dr-lring

period fII, th-e highest dail¡r a¡nmonia value of 4.3é fl. is

notecl-. 1lhis result rr'as probably caused i:y adciinrJ ctia¡ninonium

citrat,e to tl.e ra.tior,r. liais r,iould infer t].at ¿ì-t tire level

Í'ec1 , it ',vas not used cornpletely as a factor for protein

syntiresj-s.

treati$e- and Çre_atinj.ne StaÞility*

:Ls prev:Lor;isly :rientícned, because of tire Ìyorl<. ..vitl-r

slr.eep urine of Van idici¡erk 9t- g]_" (tgîl) r"rhictr siio.*,ed tlrat

u.rina:'y creatiniïle tr\ras uns"bable lrnder cer'ua:i.n condit:lons, a

si:ili1a:: study rvas ca.i'rietl or,rt ','¡itle ilreEï.ara'b sor.ø u::ine. Itor,¿-

ever, this stucly considered uz.inarv creatine as r'¡ell as

creatj-nine. 'Îhe resi.rlts arc presereted in labJ-es X-l,afÏ , ,rY"J_If

and in î'J-gure ï:[J-.

'.['i,re changes in urj-nary creatine at ti:.ree different

ternl:eraturer (4- , 2*/ and Je-îoc ) siroru no d.efinj-te tz'encl and in

sotlle cases vary greatl;i.. fr<¡¡n tile original walr:e.

ir<egarding tne creatinj-ne cilarrges, l¡ig"tåre II:L i1lus-

tra'tes tlr-e 1:ercentaile of creatj-:ni-ne remai:i:ing- rvhere stored at

one of three different tenperattlres for a pex'iod of 13 days.

The annor:.n't of u.rinarJ¡ cfeatinine rr¡as :¡iar.|iedl¡r reduced r.,'jiere

t:re urine sar;rpJ-es ryere stored at 2-/ ana 3íìoC; after 8 days

of storage only 1O - 2C percent of the original creatinine
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33oc 11.t45t5.o 7.4-5*,\.5 3,,54't3,5 0.93to.4 o.5oÈo.3- (Er-.oii;i (52.72.,') (zJ.t6|,) ( 6.¡s;) ( 3.54,)t
;====:

ìlxperj.nent I, -lYial I.
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i'emainect. lire cr-ea.ti,irit:le contenl; r'.Ìas::educed a¡:1:r<>>lina.tel1t

i5 Ðercent r.,hen rrrine sa¡ir::l es l'¡ere sto¡:eC at l-loC fo:: [ì days.

-ln ;ene::al , t; e creat:Li:tj-nc cla'i:a i.¡r this stucllr sr:l:T:ort

tl:e results of i.ran l'.ric1ceri.; et -+]:. (t9i:Z) a] tlrougir even at

4oC tirere zr-ppearecl to l:e a loss of l-O - L5 percerlt i-n coirllar-

isoä to 'cli.e ori,3inal val ue. In s'.tl¡secluent ni-t::ogen balan-ces,

al]- sol\rst urir-te \r'as storeci ¿¿t 4oC.

ürea'Line an.d Cre.atir:.ine

frr e:;oeri,i:ierrt i, t::ial l-' tle ciata sh-ol'" that a lor'¡

i,'ater i-ntal;e ¿;ives a" hií¡her crea1,ine c-.ccretiolr t¡ran a }ri3'j ;.

rrater: j-¡:'Lalçe, brrt no significant cÌifference i.Jas cietected. Tlr"e

c::eatine tr'alire of O.5,:q A. fror: th.e lor','r.¡a-Ler a"ncl lor'¡ protein

t::ea-bilet'r1; is iri¿;her at:d ntore variabJ-e than tire others a::rcl js

no t r: e adi 1 J¡ e.t i¡lai-ne d .

ilri-rrar5. creatin.e is noted to vary cons1stentJ-y rtitLr

protcin intali:e in botlr experj-r::ents I anci II . |-ieneratr-1.y a

higl er creaiine val lre is o'bserwed on tire irigir protein in-tal;e

tirar-i rvi'ci.L a lorv protein intaf<e e::cept for ti'le t'alue O.58 t'.

i-rrel¡iousl-1r inent-i oneiL. Irr e>:iterinen'b I' trial II' and in

e-ri,ûer1nlen'b Ii, coill:arin6 perr'-od-s I and II, a signif:Lcanr,t

diffe::ence is no-becl in far.or of t.hc 1:j-3,r ï-¡rotein ratíon..

One i:eason- coul-d be that a hi¿tr ;rrotein intalie incl-rced

a iiigher: crea'bine tirr:ir-o./er 'þate iir tir-e ï:ody ti ssue , coìlse-

c1uentllr e1 evating ui'iirary creati::e e:.lcretion. Siecondiy,

perha;:s tlre higir Ðroteirf ration coatains a lar¿;er anio'a:rt of

crea1,ine, r.riti:. ti:is e::t::a creatine j-n tir.e diet elevating the
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creatine-' intal;e and suìrsec4ucntly causin¿; ,Lighe.r: creatine ex-

cre'¿ion fron i-ri"ine.

Crea'bi-nin-e 1s one of t'ite inost cc;rstamt co¡¡lronents irr

urj-rle .,r.itir nei'ch.e:: protein 1ntaire nor r,¡ater írrtalte affecting

creatj-nine elici'etíon- irr e-:iÐerir;:ents I and Tf .

In crea'r,inine elicr'etion stuci.ies tir-ere are tr.¡o iroj.nts

of wier',' baseci on corrl:lete.ly d,i:Í'ferent theories. -ll,fter ¡ro1j-n

(f çO¡ ) , sewer-al research renorts have cì.e::ronstratecl ti:-a"b

creatíi:ine is e--{creted consta:rtlJr allci j-s cJ-osel1' related to

nii-rscle -bissi-re ín ttre l-iwe aniual- (:-olgreen âu,d Gar:'et L.ci5Lç,

l.iiJ-ler anci ;ilyth I)';2i anci SaffJ-u g[ A!" 1958). I-Íoir,ever:,

otl:.erh'orL.-ers L-lave c]-ained t¿at creatinine excreti-r-rn r,.ras just

as varjable as arly otirer ur-Ln,ar-y corriloïl-erlt cie¡:enciing upon tire

tt';:e ancl ].eve]- of ¡rrotein intalçe a.nd the icinds and a¡ironnis of

ainino acicls in tire d,íe'L, (Paton L9A5; j3ea:'ci L943; thorrr et aJ-.

L9ó3; i{aira¡;'ar";a, et e]-. L)6Li; aied l.ans a9ó5'i .

jiased on biocirenícal reactions ill the aninal,rs bocly,

the slrntiresi-s of creati-rre involves th.e arnino acicls g]-vcin.e,

arginine, and lilethj'oni-ne. iulost of the creatirre j.n rtorrital

tissue of nla¡llilals (r-ecl cel1s e:lceiried ) occurs as t1- e iii,,.iir-

eï.er6l¡ coräi:ouncl creatine eÌrospna-be and is su-Ì:seciuently e-xcret-

eci in 'the fcrnr of creatinirre in the urine. '.1'herefore, in e:.;-

peririrerrt If , ir:. ireaticent ïl- of period Tl-l-, r.,rì-th. nretirionine

adCeC to tire ration, highe:: vah:es for botl:. c:.eatine a:icl

creatinine l:iglet i:e eïpecteci. i'ior¡eve:l, tbe .resi-1l ts irr thj-s
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stuLcl-w siror,". t-|ra-L t1- e e,*;cretio::r of l:oth. creatine anC creaiinine

1,,/os liot affected ri'itl: :nethioiline aCtded to tlee ration.

'l-nc i'esul ts of c::eatìni-ne coefficien1;s are ¡3iven in

'1.alcle iiìiIv. torrparirri, tl e creatínine coefficients lvith tb.ose

of i,iil-i:e (t955¡, a].]- of tno wa]-u.es are at ]-ea-si trtice .5 i1i 3'ir

irr this stud¡,'. I.lorreve::, tl ese values are a¡:Ðro:litratellt olae-

lralf tirc valrre of L9.5 nS. per 1;.¡;. basecl on a 'i.lodl¡ rveiSl:t of

(j7.o ¡g. as reported. D]' Snuts lA935j.

In e;i.;lerirnent fI, i¡erioC II 'bhe creatin"ine coeff icien't

r,.atrrre rlignt be e-lipecteci to be hi¡¡;rer than the value of perioC

I artcl a sli-gi:t ii:icrease was no'bed r'¡hich coulcl i:e interi:reteC.

to tneaJL that soiite cataboli-sìtl of ieai:" ti-ss'¿e occurred. '1Ì:e

boci1. ri¡eirìht losses noteci in thj-s period sr-ibs-ta:itiate tiris

oi:servatiorr, br-r-'ü to j¡e iiio::e specific boci-rr colllJosition ctata.

'1,.'oi-r].d have to be oi¡tai-ned.

Tn irerioc III , al]. of the walues Ìyer.e lol''er ttran foi'

perioü I aird rl- sirnj-lar to tt e obsen¡ation of i:ilne (t:'65).

iie sr.rgges'Led that trr'o factors r.¡hickr couJ-d coririJin"e to entphasize

til-ís fall- in creatinine coefficient r.vere 'bire alter:-ra-bír'e uti-

Lízation of ariiino acids and a possible ecieiratous condition,

r.;nicir occr'r-r's as ;:arturì-tíon apilroaches. In tire ]-atter: case

a¡r ilcreasin.¡; Il'ater ileilcerrta.,e in nraurna::y tiSsu.e a:rd. in bh-e

uterus 1,/oü1C 'i:ring aÌ:out a. decrease in tire crea'cini-rte

coefficient.
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TÁ.,iLE ;{r;IV: Ci:,.,14.?ïidIillì CûÐlliìICïE¡lîS fr'{ iì'iPiÌL¿fl'ilti'1'Is I ¡ti{D Ii:

.Ð>l;oe-rilngn_!* I

Ïrial l-: Lor,q .liater Intaire
-lÌigh i'fater Intahe

?'rial II

'j.ríal fII

Lor¡ irrotein Tntalie äi¿çtr lrrotein rntalie

1O.5O
9.24

Õ.o)

9 .58

() c')a

).34

ri .40

Cr 9,(.

ExI>e_riment {-I
Feriod I 9.77

irerioC If 10.58

lreriod I-|I: lYeat¡nen'b I 7 ,95
lreat¡:rent II 7.95
'i.raattnent ITI 9.45

irote: Creatinine Coefficients = -.Þ9j3-Æ- the !lqj-5--91çretion (;'-r'rl'

-- - e a:rr o ï 
:TFËÇ t".: * tT-G. g . f 

*--

A1.l-antcín

-{llanLoirr r,¡as only deiertninecl in expe:riment Ïf . 'I'tre

amount of a]-.larrtoin excl:etecl in urine tends 'Lo be correlated

ivith orotej-n in-baJ<e; sol^.¡s fed. tlre higir protein intake leave tire

higher allantoin values in the rrrirre. /' higttly sig'nificant

d.ifference (f."r--". Of ) ri/as detec ted conltaring periocls f and f I.

i/itlrin tire treat¡ner:.ts of period III , treatment il-I rr¡as siSni-

ficantJ-y irig'Lrer (i'<.O5) tÌ:an tl:e treatments f and- ff .

r.;o::ris and .rtay çtlSl) r''rorki-ng r,"'itir nr:rinants suggested

a positive correJ.ation bet'rreen tire 1evel of proteín intalie and

tire al..lantoin output in i-i.rine. Tìh.j.s lila]¡ ¡tossibl5' ire drre to

-b.he preserrce in tire ;orotein ¡irolecule of arnino acids capable

of being' syrrLh.esi-zecl to pu:tîine co¡ur-¡oi-r-nds. ?he results in
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this siud.y generalJ-y sLlppor'r. these data, except ttrre value of

L.75 B-. for treatment I-rI in period III r'¡hj-cit r'.ras ili¿-her th¿ur

the valrre of 3-. 5 g. foi' the irigirest protein intake of pericd.

I. F|or,¡everr âs a palbíal explanatioa, it rnigtrt be stated

ttrat t.irese sows irad a fas'ber ¡:trrine trrn-over rate lv-hen

sufficient protein intal<e rgas provide<i. after tire protein-

deple tíon ireriod .

Und el_eJrit-i u e d :Li t r o ¡.S4

Irr e--:periinent Ii, rrncle'ternined nitrogen r*as estinated

fror,t the to'bal nitrogeir valures nj-nrrs ti.e nitrogen val:res from

tl-le analysis of ulrirì.ar)¡ coml:onents. In tire present stud-rr'

r-rnde'ber¡tinecl nitrog'err rroLrJ.d contain primarily r-rric acidr soüie

]:urine cotnl:ounc1 s a:ed srnalJ- atrounbs of free amino acids.

I,'or urrde te::*lirred ni trogerr, the it'uto 1or'¡es'{, pro tein

íntalces, ::ra::irely, the nitro6en-free :¡'ation of î:eríod II and

treat:rrent ï in pe::iocl -ITi-, sho-,led that soni€ rrextrarr nitrogen

1{as forrnd- r'Jhen tir.e i¡:diwidual alralyses l\rere slurunecl-. 1111 of

the other tl-"rd.eteriline<l nítrogen walrt-es indicated that some

nitrogen r';as not deterr,rined in tire j-nd:ividual amal¡rses. îhis

r-urcleter:.nir:,eC nitrogen r,ras greatest in tl:re case of period I and.

can be pat:t.LalJ-y explained by tire fact that it r'¡as ¿¡. natural

díet rather tham a pu::ified or seni-pt-'.rified c1iet. 'lfris

assutres that t.ire di-et of period I, r,¡ítkr tl'¡o protein and rrorr-

protein nitrogen sollrces, could cat-lse a greater warietlr e¡

nitro¡;en conpo';:rds to be excreted and relilain r:.ndetermineci.
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Since the coirlposition of the nitrogen-free ration of

expe::iineirt ïI, period II r,¡as identical r'¡itJr titat i-rsed irlr

i:licpel- et *. (fg65¡) certa1n tlata fron perj.ocl I-t need \

furtner comparison ivith the TJ-J.i.noj-sr data.

:ì.ippe.l et ¡¡l. OgóS,^) reported ti':at tkre meam claj-J-y

end.ogenous u::inary nitrogen and metabolic fecal nitro¿en

excretíoÍr.s i'ùere 6 . tr A. ancL l .4 A. :iesilec'biwely. i-ie i:ot ect

tltat the end.ogenous u:r'inary nit::ogen value of 6 .5 g. r\¡as

higlrer tTran tlte elillected val-ere of 5.O 8. arad 5.3 g. i:ased

on 'Llre for¡ni-rl-a b]' .ilrody (J.çLt,S). liowewer, tlie endogenor-rs

uLrinary :ritrogen J. j g. of period I-l is wery sinrilarbo tire

es'bi¡uatecl va]-ue of ,3roc1¡r (t9lif) i:ut lor,¡e:: ti.an for i1ippelrs

l.ilts (rq¡r ).'-t)'
1).egarcli-n¿; ne-bairo1.ic fecal- nitrogen, iÌi.ppel- (f g;¡U )

consid.erecl tris daill' value of l-.ll ó. lor'¡er tiran tire value

of O.63 to 2"OO A. ¡->er kg. d.r1r il¿rtter consurnption l¡ased on

,¿lrrnstrong ancl i'ij.tcire]-l (:"gSy). -â].thougi.r t.he i:retabolic fecal

nitrogen walue of 3.BZ S. in t:ris study is al¡out three-tines

lrig'ner than llippelrs valire L.37 A, ii is close to ti:e

estinated. r.a]-ire of J.O g. based on }Ienninljts fonnula (fg¡ç).

In period II , the so't,/s ingested sonre of ttreir or,,rr haír during

tire ni'cro¿5en-free períodr and j-t lras fo-'-rncl to be very dif'fi-

cul-û to separate ít f::o¡n the feces, everl bhorr6ir a Þu-lveri-zi-n¿-

screenin6 rietiiod r.vas used. 'ibis haír co'-rl d hawe elevated the
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rlretabolic fecal ni'¡lrogen wal-ue.

.;ilood Seri-tn Str-rclies

'lite total irrotein and tite electroptro::etic profiJ-e of

bloocl serrn:: r'rere on'l J¡ deternined in expe:'ii:rent II and are

presented in Îab1e ,'lìiV"

iì.e;-a::dless of -i;}.e clifilerent protein intalies fed j-n

the ti:ree íleriods, total seri-lrrt protein Cec::eased gradr-ralJ-y

duriir3' tregîÌar:.cy. ;).i¡¡pe1 et g!. (f 9u5¡.") anci i'jilne (tgóS)
'J t

reÞorted tilat total seri-ïtl Ðrotein decreased as gestation

progressed. 1'he reasor'r. ma;r be 'Ûhat total- blood r¡of-tl¡:te in-

creases durin¡; ifiteg'r1a:rcy, canrsing a cLecreased botal serllrl

j¡rotein. concentration. :l:'.clu-ding' the value of i:eriocl I, the

'br¡tal seruTiì p::otej-n i-s ¡;ene::a.11]' lorver t.tran bhe vali,res ra-:tgi-n3'

'îror;r 6.) A. to 9.7 g. percent repo::te<l b¡r liilne (tgîSj, and a

¿rartial- ¡.easota nla]'/ be ttrat tirese sol'/s T'/ere dei-¡]. etecl of body

protein duri-rrg i:eriod II. In ¡:eriod III coml:aring the total

serum i:rotein walues r.¡ithin treatuteiirs, tire -breatniei:ts iI and

IIf r"ere s]- ightl;r irigher thran treatriient l-. 'iTeorr,3'ir no signi-

fícant cliffere¡:ces t','ere cÌ.etec'ued, tire Sreate:' the protein and

tlori-írro'Lein nitro¿;eir inbai.-e, t.ire hig;her tlr.e serutit pr,ctein

val rres .

,i,c'r'irr the albitnin levels are lol'ter than the rtafu-res

ranging f::orl 2.L g. to 3.9 g. i:ercent reportec i:t-v iiil-ne (t965')

arrd r;ia1' þç e;lpl ained for t]-re sa-ìtie reasola as for the total
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serüi:i protein. In a] 1 cases, al-i:uuj-n leveJ.s siror.,;ed a

tendency to fal.l- as .Ðari;r-rri'Lion a:proached. A signj-fj-cant

di ffe::eace lrias detecteci i:etr,;een perio,S I and If (f.4_.01 ).

ïn period îIï, ti:-e :r:iì-g.i::.er -crotein and nor:-protein nitrog.en

ir:-l; ake s gave tj:e irj- 3irer w¿i1ue s fo:: albu¡;ii]ì . :;or.re1¡e]], on]-y

treattrent III rvas si¿'¡rifícantl.y g'reater tiraur ti'ea'cnent f amC

r-j_.

'ihe-botaJ- sGr'uÌiÌt g,1obi-rli,:: J'evel,s o-t¡taiiieci are \¡er)¡

sj-¡:rilar to valt:-es ì:resenteci j¡y i:ilne (l--qSS) rr'h.e::e it reu,¿ed.

froi:rr J. J A. to 5. O g. percent. Seta ai-rci gâl,uì1â ¿lobu,iins

uere s1 i.ùirtl]t d,ecreasecL ck-rring lfrcglr.e-rlc1r, iiu'u rio si3:ri.f ica-rrt

differei:rces r',rerc de-bected. -[n perioc] ïl-I, tire al,i:iia [1oL-iq1-i-11

val-i-r-e for treatnel:t T-i. r'¡as si,;r:if-Lcer-i:.b11' 1or,¿e:: (¡r< . O5 ) ti:ar-L

'{;::ca-t¡:ien'r;s I a-nd j-I , -bhoriSil it is noL reacì.il-y erillaj-::red.

ìi :iirn1 ct al.. tl-!)55-. ) rc:,;orteC t;-tat t,tc ::ela'Li-¿e cot-1.-;:å =1'-- ""' 
" t'tj

cen.'cra'Lj-ons of ¡;-ailiira ancl a]-;irila ¿'1 oj¡irli¡rs lncreaseci J-irrea.rl¡,'

as t;re lerrel of ciie'ùa.ry ¡:ro i,ein rgas cì.ecreased, a-s a si.3'ni,fj--

cant clrrad::atic effec-b r,¡as noteci for percent ci:ar:l_¡;e of Ï¡eta

3'iobr-r1in l.;irerr cliffer.ent p::otej-:r-r intalies \'Èere feC¡. l.:or,,'ever,

l)os't er et 
= 

l. (f ç:;C) ar.cr il;:iecieJ.l g_!- "eå. (-f l¡f ) r-e,:orteä. tl.iat

v¿rr'ía-tiorrs j-ie ¿11 o'l:i.rJ.j,;r Co1-l-centratioi1 rtere rtore a reflec'cioli

of 3'estati'¡n pi:ase tira¿ of dietary* variabl-es in ;rarricì slzj-ne.
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S'J¡:ilÄitY

In exi_:e::illerrt I, tirree trj al-s \rêrê corrclllc ted to strr-dy

the effects of ',,¡ater intaj.,e on nitrogen ¡-rietai¡ol-isn i-rr the

gestati-n¿,, sol.r. 'ì'l"re concl-usi.ons are as follor,;s:

- \ r,r (rr L. /aay ) ancl bi-¿;tr rvater (tz t " /¿"v) intai<esL j 'IÍìe lol'r (o L./cLay ) arr1 Jl.l-¿,tl I'j'a-Ùe1. \r¿ l- "/u.a3tl .

had no sig:r.ificant effect on nitrogen e]:cretion, r:i-trogen

retention, apparent dr-r. s1r¿ier or apparent Þrotein digestil¡il-

ities.

2) i'he l:i¡;h r,;ater intal.;.es resulted in significantJ-y

greater rrrinar¡r wolu¡nes (i'<.Of ) a:rcl lorser specific gravity

(l< .Of ) -tlr::an tii.e 1or,' rvater intakes.

, ì'ären rrrine sanples I'reïe s'¿orec: at 4u, 27o anc. 38oc for

a period of J-J cla;.s the amou::t of rrrinary creatinine','/âs vêJr¡r

:iiarked1y rech:.ced r.títi:. storage 'time. :Lfter I daj¡ts storage

tlre urine sarl¡:les a.t 2'/o anci J8oü lracl 10 2O 1:ercent of the

orígina1. creatj-nirre. Creatj-r:rine rvas red,r:.ced !5 percent for

rrríne sa;il1:1es storeci at 4oC for eî ciays. äot',rever, creatine

wal.ire s at tire saTi?e three tenpera-tures arrcl storage tiü¡e sirorr¡ed

rro ir::edictable ti:end arrd in soi-ne cases variecì. apl:recia'i--r1¡r fro¡n

the origj.nal. value.

Iir e.-11:erj.nrerr'u If , tkrree perJ-o<rs t{ere u,sed to stucly

tire effect of varf ing J-evels of protein and non-¡;rotein nitro-

gen intakes on nitro6en inetaì:o1ism, blood ser1ffil and reproduc-

tive perforrnrr:rce. 'lhe res¡-r1 is of this e-'iperinrent rvere as

fo11or.,¡s:



ry4/)

4) îhere \r¡ere no si¿;ni-ficarut treatiaerrt ciffe::errces

(t*: .O:) iir tire total- m:¡ul¡er of pigs bor:n, th.e nur¡il:er of sti1l

'oorn, pig birtlr rteígh.ts or tlrree rgeei., r';eíghts. liillc protein

co¡1cent::ations of 'btre first v¡eek fJ-ucti,rated ruith tire gestation

ì:rotein. inta-lce of th.e sol{s burt i:ro sígnificant Cifferences \'nere

detec ted .

5) 1'tre ad.clition of one percent J-ysine amci iitetl:ionine (in

t're ratio f .J6zL) and- one percent cliamrnoniu¡t citrate 'to a

barley-mai:l;rt.erìan.ce ration for so\{s fz'on: t}re 9oth cla¡r of pre6-

nancy ur:.til farrorving nad no sigrr.ificant effects trrr. sol"r

r'..iei¿-,rt gai;rs, rei:roCuc'iiwe 1:erfornallc e r api:arent dry inat ter

a.nd apparent anC 'r.rtte protein cligestibiJ-ities or nitrogen

re tention.

ó) In perioci II, sor,Js fecL a nitrogen-free ra'bion tLad a

niean daiJ.y end-ogenor-rs r-'Lrínary iritro.gerr value of !.!1 íi'. ald.

a t:lealì daillr r-leta'bolic fecal nitrogen value of J.82 C.

7) 'iTe a::lou:rt of allantoin excretecl in urine tends 'bo be

correJ-ated ;'¡ith protej-n intake rvittr sows fed the high pro'cein.

ín1;al<e having the trigher al-lantoirt walues in 'blr.e urine.

S) Á.l-thougÍl there Ì,ras rro sigreificant clifference detectecl-,

tire total sert-lnl protein clecreased graduallJr duriïÌg gestation.

i:.1br-irnirr shor'¡eC tl-re sa¡ile trend as ti:-e to tal seriuil proiein, i'¿ith

a si¡gnificant d.ífference betrveen, per:i-ods I and -tI (f'<.Of ),

and. r',¡ith.in the treatnrents of periocl III. (lÌ,{. A5) ,
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tonsidering experiments 1- and II joíntJ.y, sorie corTil11ûrl.

results are as follorvs:

9i liegression analysis shor,i'ed ttrat nitrogen intai;e ilrad a

irighJ-y sígnifJ-cant l-inear effect on ni-brogerr retention. 1ìor

nitrogen retention efficiencl¡, a dai11r nitrogen intalre of

56.3 A. r,.'as the ol:tj.rnum f evel "'e):rrresseci as crud,e protein

O.35 kg. d.aiJ-y (i,: :.r 6.25J.. for deveJ-opi-ng yoi-mg and sonle

tissrre stor'age of protein ín the pregnant sor'"'.

10) ri. irig?r protein intahe red-uced- r¡.rínary wolume aaparently

because of a si¡:ru.l tarreously hígirer nitrogen retention in the

ì:od1'. fn other r.¡o'¡:ils, the so\'rs increased apparent rr'ater

reterrtion r,¡Ïren a .nígher ilrotein lewe1 r,,'as fed, but a sigrri-

ficant difJlerence r{as onl-y detectd in experiirient f , trial II

aircl J-n experinen'b II r^¡t en coniparing periods -l and. l-f (f:<- "O1).

11 ) lls might l¡e expected, u-rirrary n1tro6en arrcl urea fluc-

tLraied rnost consístantJ.y rvith protein intake. In these studies

daíly creatínine and creatine e.\icretion tendeC to be constant

regarciless of treatment. 'lire daiJ-y urinary ammonia val-ues,

except r'¡hen dian:lnonii-r:n citrate r..'as fed, .t'aried considerabllr and

rr'itir 1ittl e apparent rela,tíon to trea'br,rent.
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