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ABTTRAOT

$oDIUM, pmÀssIUM II\ff¡ìRRELATIONSHTPS
IN l¡ffifHEA, ffiþfBS

Dy

THOMAS JOIINT DETLIN

The effect of a low level of potassium, eombíred wlth lovr, nedium

and high levels of sodium 1n the rations of rn¡ether 1ambs nas studied,
Trelve v¡ether la,nbs were used in tne e:qperÌraent, six in each of tr¡o
replieate ¡retabolism trials, A, ni¡e day pre-experimental period, during
v¡hi-ch the sheep reeeÍvred equar amounts of a purified riation, r.:as for-
row@d by a tirirty day e4perinentar period, Ðuri_ng the oçerinentar
period intake of the purified ratfon was equalized and levels of sodirrm

eonsumed were trowt' (4"0 mEq per day), ilrnedíum'r (4¿o,o nEq pen day) and
frhrgh¡¡ (leg"O nEq per day) v¡-rtti all sheep receiving 3O,5 rf$q of potassiun
dally" Trre follow:lng criten-a were used to investigate the socirun re-
quuemenü of sheep whenr a low rever of potassir¡m was fed; sodfun, potas-
siun and nitnogen baJance' serum arri sali-ua concentratrons of sodiræ and
poüassiumi dry matüer and energy digestibåutgr; lrater consurnption ad
body weight eharjges,

Ðata collected ir¡xieate that the level of sodium consumed resurted
in a significar¡b dlffereræe (p<,01) in sodir¡m netalned arÂong etl f,,¡"g¿f_

mer¡Ls" the trlowtt and Fmediumrr treat¡nents were i¡ cr¡mulative negative
sodirfr baranee and the rhigþrr treatment, vras i¡r cr¡m¡:lative positive
sodiu* balanee. The sodlr¡m requlrerent for balanee appeared to be ræar
44'0 m*q daiþ w'¡en 30"5 nr*q da*y of potassfr¡ro rsaE con$¡med,,



the digestibility of sodium appeared to be affecüed þ the level

of sodium consuned" Feces sodírm excretion for the three treatments

vras rflow¡t 6"93i rmedirnil ].h,l+3g and ¡¡highn 27"77 rnEq per day. Sodiun

intake for the rtlowrl treatment sheep was 4.0 uEq ¡ær day and. ês â Fa-

sult a calcr¡-Lated digestibility value would be less than zero.

Difference in potassiwn ba-lance was sÍgnj-ficant (p<.05), with

the rtlowrr treatment sheep being dÍfferent ühan the other treatrnents"

There ltas no signÍficant difference in potassirun digestibflity due to

w:ide differences obtaÍned rrith the rtlowll tneatment, sheep"

The nit'rogen retained over the 30 day experiuental períod by the
rrloh¡rr treatmenü sheep was signifícantly (p<"01) less than anounüs re-

taÍned by the Itnedfu¡nll and rthfgh¡t treatment sheep, Treatmenb dld not

signifieantly affect digestibitiüy of nÍtrogen,

No signíficant dlfference in serrm or saliva concentrations of

sodium or potassÍum v¡ere noted over the J0 day experinrertal period,

Ðry natter ard energ¡ digestibility varied. considerably v¡ithin

trea,tmeuts b¡t there was no sÍgnifica,nt d.lfference anong Èreatmer¡bs"

sheep in all tr"eatnents consì.m.ed essentially the same daiþ
volume of v¡ater brt anj-mals receíving the rrlo$¡rr treatment excreted the

most urine, followed þ the rrmerlÍ¡¡ntt treatnent, with the tthÍghu treat,-

ment sheep exereting the least uriæ"

Ðuring the e4perimental period the rrlowrr troatment sheep lost
weight, the trmediumtt treatment Lost just slightly ard the tthightt treat-
nrent maLntained their weighù" The differences i¡r body weight changes

nay be assoeiated l¡lith differences in digesùib1e energy ir¡take as well
as dlfferenees in water retentÍon whieh occurred anong Èreatments,
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INIRODUCTION

I¡e the body sodiwr and potassiun occur largely in the ftuids and

sofb tissues" They ftrnction in naintaining osmotic pressure and acid.-

base equilibriun, in controlling the passage of nutrients into ce1ls,
and i¡ v¡ater metabolÍsnu Thsre is a regr:lar dietary need for these two

ions, naÍnly because of lJmited storage" If an excess of either ion is
present it is rapidly excreted under nomral condiüÍons, 0n the other
hand the body has some ability to conserue its supply çrough lessened

excretion l*ren the intake is lJnii,s¿, General symptoms resulting f?om a

deficiency of eitbr of these erements are a rack of appetite, a growbh

decllne, loss of weiglrb and reduced productfon of the adult (growi,h a.nd

niJk production) a¡d. decreased blood concentrations of the two fons"
The body contalns abouù 0.2 per cent of sodiun, About one-q¿ar4,er

(35 p"r cent in mar¡ ar¡d. aoes (z?)) of thi.s a¡norrnt (eg) is locarÍzed in
the skel-eton in an insoluhle, raùher lnerù form and the balanee j-s fo'nd
in the exbracellr¡Iar fluids wÌære it urdergoes a very active netabolis¡nu
Fifèy-five per eent of bone sodir¡n Ís borrrd chemÍcally i¡ bone matrix (2il 

"
The ela0'ent makes up 93 pr cent of the bases of the brood ssr{lrtrs sod.ir¡m

'is found in verxr small quantities in blood ce1ls, and i¡ conslderable
quantities fn nn¡sele, wbre it is associaüed with contracùÍon" A, deficí-
ency lowers the uèflization of digested pnoteÍn and energy and prevenbs

reproduction (¿o)" rrn laying hems a deficiency geræralþ resutts in
]owered pnoduction, Ioss of weight arNl eannibalism (?). Sodium sa}ùs are
readi'þ absorbed and circurate thr.oughout, the entire body" Þccretion
takes prace predominateþ thnorrgh the kldneys as chlorfdes a¡¡d phosphates"
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$odir.¡rn requirements for grorubh have been reported ranging fuom approx-

fmately 0"1 per eent to 0,2 per cent of the ration from studies vrith

rats, chieks, pigs and calvesu

In contrast to sodium, the potassíun of ühe body exisås prirnarily

as a cellular eonstftuent. PotassLun plays a vital but llttl-e under-

stood role 1n museLe eontraetion r¡hene iÈs corrtent is six tiltres åhat of

sodir¡m, Pot,assium defÍeÍency has been produced j¡ sev'era1 specfesu In

additlon to non*speciffc gross s¡røptoms, heart lesions and. tubr¡]ar de-

generafion of the kÍdneys have been observed as weLl as a lohrered cosbent

of ÈhÍs elemenÈ fn hearü ¡m¡scle and obher organsø The potassíum require-

ment appears to exceed that of sodium and ranges from ou2 per cent to

0"3 per cenb of the dry ration, Poùassir¡n is readily absorbed and the

excess over body needE ís excreted nainJy 1n the urine. At inadequate

levels of eiùher sodium or potassj-rm tbe deflciency sy:nptorns seæ. to be

aggravated by a large excess of the oüher (7)"

?Ûhen sodiut and cl¡lorÍde intakes are at, a minimr:m the body makes

ad.justments so that the output of these tr,rro elenenås 1n the t¡rÍ¡e almost,

ceaseso The same ls true for potassfunu In contrast, large i.ntakes in-
volve s eorrespendÍngly large exeretÍon, and waüer consrrmptÍon..is in-
ereased accordÍng]y" The kidney (¿g) is uae regulati&g organ, r*hÍ.eh,

through its secretory aetivity, controls t,he csncenüratÍon of electolytes

in the blood.

Ánderson (2) etates that the amounts of sodium and potassiqm ín
blood and ùissues are controlled by the hormone aldosüerone, produced by

åhe adrenaL eortex" I¡o Addlsonts dlsease, or adrenal insufficfency,
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there is a loss of sodir:m and a retention of potassiura by the bo{y.

this disease has been treated by feedÌng a diet high ån sodirm and lorç

Ín potassium or by supplyfng the deficient adrenal horßones"

Farm rprnrrals are usually not, harmed by consrrníng considerahl$

larger amounts of sodiun chloride than is generally considered to be

adequateu The usual livestock feeds (grains and hays) supply a"U.le

potassírrn, thus ellminatÍng any need for s.lpplemmfal potassiun in
nomar rations, This being the situatíon, there has been relativeþ
Iiütle work done on sodium and potassfum inüernelatÍonships and how these

naay effect sodir¡n requirenent, partícularþ i-n rrmlnantsn This study was

i¡itlated fo investÍgate the sodium requiremenÈ of sheep when a díet con-

sfdened Low ín potassium ís fed,

The foJ-lowing eríterÍa ¡sere used. to funrestigate the sodiun re-
quirenent of sheep wlen a Lovi level of poÈassirm rqas fed"

l-" $odi.um, potassirrn and nitrogen balanee"

2. Serun and sallva concentratÍons of sod.irrm and potassium,

3u Dry rnatter and energy digestibiliüy"

l+. Water eonzum¡rtion,

5" Body weight changeo



RÃVTEI{ OF ITTERATI'NE

Sodir¡n_ e¡ld. Potassirrm Bequirerents

$heep sbould be supplied with salt either in Èhe ration or free

choiee" Various invest,igators have concluded that the sodÍr¡m nequÍre-

ment of sheep fs i¡r exeess of o.06 per eent of the d.iet or 0"gg gnans

per day (Mc0l-ynont et aI (30) ) "
Meyer et al (3e) nave sho¡urn in pÍgs that the rratio of soditm üo

cl¡loride retained i¡ animals rna,kfng optinum gro*rbh wae l:rul# and l:1"54
respeetivelyr suggesting that salt suppl-Íes sodir.r¡n anri chl-oríde Ín about

the right proporüÍons for grol*íng pigs, These vorkers also shoÌred that
a salt deficiency was no more severe than a sodír:m d.efreiency, and also

with a sever€ sodir¡¡r deficÍeney there !úas a significant rise in pl¿sna

poùassium.

Þrperiment,s by Burns eü a]' (8) indicated that either sodil¡n or
potassir-un fs toric to ehieks if one of the elements is fed ín insuf-
fieient quantities" As the potassirm level in the nati.on &ras rå,ised for
chieks receiving a high level of soùirm, norbality was reduced" Sini-
larþ, at the higheet, level of potassurm fed (0"?? per eenù) the lors

level of sodi.um (O"0]9 per cent) sras Ínsufficient to prevent death.

Stucies with tsi'tole blood and. plasma, ruhen various levels of sodír¡m and

potassiurn were fed, showed an increase in sodir¡m level of plasma and

whole blood ån proporüfon to ínereasfng dietary sodÍum" Inereaslng dieb-
aqr sodf-um at a¡y one 1evel of potassinm appeared to decrease the level
of plasna potassirm" At any level of dietary sodÍr¡n hfgher thaEr O"0Z

per cent, fncreaslng dietary potassir.rm increased the revel of plas¡ra
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sodlun€ The level of potassium appeared ùo have no effecü on the sodium

requirement províded it was not ¿ lf,rnitl¡¡g factor"

Other work by &¡rns et aL (?) on the salt requirement of breedÍng

hens showed bhere !úas a great,er reductfon in egg production resulting

fron onit'tÍng sodirrn alone fron the diet, èhan from salt omissj.on. These

workers srrggested an ion imbalance Ín r*hÍch a diet deficienü in sodirm ie

equirralent to one deficient in salt to whieh chlorlde was added, and that

chlorÍde exerts a toxic effect wlren supplÍed in excess of sodÍunn Whon

sodirm was added to ühe dÍet, the effect of the salt deficÍeney on egg

prod,uetÍon disappeared. The authors state Èhat since excretion of chloride

must, be aeeonpanied W eations, and sodir¡m þ anions, Ít is possible that

anions other than chloride (e"gu biearbonate) can be rcblliøed to aeeom-

paqr the exeretåon of sodium" However, the exeretion of a relatively
high emount of chloride may aggravate a sodium d.eficiency by draw-ing upon

fhe limited amor¡nt of sodÍr¡n avaiLable, íf rtot on other essential catfons"

The alternative wor¡Id be a posltive chloride balance wlth the possible

consequence of acídosisu The ehÍef effect of salt restrÍction was low-

ered egg production ard a slÍght decrease in body wei.ght"

Gnrnert et al (zL) gouno Èhe sodiunn requirement of the rat t,o be

0"05 per cent when o,25 per cent potassÍr¡m was present in the dietn

they observed an lncreased requiremenL for sodium when potassir¡ua was in=

creased. to 0.5 per cent' The requirenenü for potassir.m was not constant

and decreased over a six-week period from 0"r0 per eent to 0"09 per cenb

Ín tbe presence of 0"1 per cenÈ sodium, The effect of hjgh sodir¡m (r.0
per cenü), which was onl¡r evident initially, was to lower the requi¡ment
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for potassÍum" rb appeared that h{gh levels of sod,irmr had. e slight spar-
Íng action on poüassium requirenetÈ, but, high poüassium was antagonistie
and tended. to irærease the sodirm reqr¡írerænt,. The data of Grunerg et_Ê!
(Zf) inAieated that mdirm cor.ùd replace potassirm. to a slight, exbent, at
least' jnitially¡ arld thab potassíum cor¡-Ld. not replace sodium, but was

antagonistÍc to thís ion when the latÉer þras }ìrn{t,ingo These resr¡lts do

noÈ agree with those of tr{Lller (3il who found that growbh of rats couJ.d

be greatly retarded þ redueíng the potassir.m conteat below ap¡roxi.nateþ
0'l per eent' He fourcù that subs&iöuting sodir¡m for potassirm failed to
produee norraal grolabh i¡ rats"

.ê.i¡res ând ft'rlth (1) observed ån sar& d.efåeient dafry eows ùha€

sodirm ard' not chloride ions røere of theraputLc vaIue, When salt was fed
to these defleÍent eok¡s an increase in uålk prcductione body weighÈ and

roughage eonsumptfon occuffed,' nühen sodfi¡m bfcarbonate was fed sìmr]¿¡
results were ohserved" Feedlng magnesirno ehlorid.e fail,ed. ts a¡reliorate
the above s¡mptons' Frasma godium leve1s wEre not sigaifícantþ affecùed
þ the varÍoas t'reatmesbs, although Èlere was some elevaüion aesoeiated,
wifh sodil¡r saLt therapy and a eontinuer d.ecLíne ín cows gfven magnesÍum

chroride' Hlood and prasna Levers of potassíun were not signÍfåeantJ¡r
affected by ary of the treatments,

Ìfcclymont et ar (30) r"portd that the addition of 0"25 per eent
salt t'o a fattening ratÍon fon sheep resulted. in a growbh stimr¡lation
lsft'h responses of r-9 to 5g per eent oner eontrore, Basa.r ratrons eon_
tain{ng f?o¡a 0"00g t"o 0"962 per cent of sodire did nob sem to affect,
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seru¡n sodirm levels. Houever, wít'h erÈendd periods of lcm¡ sodit¡rn eon-

sumption the blood pot,assÍ.r:m levels teaded üo Í¡ereasen A f\tther í.n-

baLance in the dfet'ary sodl¡¡n to potassir:m ratio was caused þ the

addition of potassir¡m bicarbonate ar¡d created a eireulatory defleieney

of sodir¡m ay¡d severe dehydration, The authors eonelr¡ded that fam

anlnals requi.re salt to overcome the antagonfsúlc effeet on sodium

metabolisn of high pot'assiun eonÈents of anjmal. feeds,

Ne1son et aI (38) oUsenred that feeding h:igh salt (6,0 per eenû of

totat ratlon) ratlons to steers resulted in a snall but signlf,teant in-

erease in the reter¡bion of sodirm and ehloride, ${m{}sr resnlts were

for¡nd for wetter La.nbs on a hfgh salt i¡rüake (50 graes per day). Of the

lngested sodit¡m chJ"oride, 87 per cent of the sodÍrm fn steers and

9r+ per cent in wetlers was exereted in ühe t¡rine alor¡g wiüh 98 per eenù

of the chlorides in boüh speeies" The ani¡aIs on the hlgh salt diets ex-

ereted nore nifrogen and a'ì I the anj¡nals vrere ln posiüive niÈrogen

balanee.

Fattening eheep and eattle hav'e been fed salt ranging fro'n 0"66

to 12"8 per cent of the ration with no detrimontaL effecte (!&yer et at

$ø))u îhese levels had no detectable Ínfluence on niürogen digestÍ*

bility, nitnogen retenbíon or total- digestible nutrients of the basal

ratíon, A salf ffSake of 9,1+ per cenb or 1,7 pounds daÍly þ steers had

no detrimenbaL ir¡fluslee on everrâge daiJy gains or feed efficíeney"

Kldney wefghts inereased when the salt level was 9"4 to 12n8 ¡ær eenü and

the authors reported no pathological s¡rmptoms"

The effeets of codir¡n chlorfde added to r*ater, when supplÍed Èo
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heffers, has been obsewed. þ Weeth et aL (æ) and (lr3) " Tt¡e additfon of

one per cent saLt jn the water eaused. an increase in rdater eonsumptÍ.on up

to 52,t per cent, ruhieh othemise was not harnfi¡l over a l0 day period'"

The safe toLerance appeared near 1"25 per cento &t the 1'50 per cent'

l-evel the helfers mÊ.intai¡æd thei¡ bdy weightg but on I.75 and 2,0 per

cent they lost røeÍglrb ard toxle s¡rmptoms appeaned" Anorexia, anhydrenrÍa,

depressed reetal bennpera,ture aRd dryness of the skin and feees were the

prinefple s,¡rrrptoms observed" The s¡rnptoms of sal"t tuater toxieity re-

senbled those of sirnple dehydration. Blood serun sodíun was raised. sig*

nifioantly withia ten days and serum potassitm tended to rise,

The pr.evÍous authors have exa,níned the effecfs of high and low

sdir¡m leve1s in Èhe ration whereas Hubbert et, aI (e5) uti]Ízed washed,

suspensions of rumen rnlcrooryanisms in studyårg the requirønent of nmen

microflora for soditsn and potassium, They fourrl the presence of, potae-

slum Ín the fermentation medium was essenlÍaL for in vitro ce1lt¡lose

digestlon whereas sodir¡¡a had no effect on eellulose digestion wtren

potassium was absent, Interrelationships of 'varying eoncenbratíons

Sowed thaf the addition of sodir¡m to a fernenüation nedium eontaining

50 microgra¡ns or less of polassirm per nilULfter eiüher depressed or had

no influenee on cellulose digesüion" However, when the potassir¡m con-

eentratíon lrâs fron 100 to l+00 microgra.ns per nil1íIiter, the addition of

sodåum i-nereased eellulose digesùion, Clr-loride was rpt found Èo be a

lirritlng fact,on in i;hese studies, Cardon (10) using artifieÍal rumen

techniques obsen¡ed thaè íncreased salt eoncenÈration in the ru¡nen,

caused by feeding high salt rationsp did not cause a decrease in n¡men



microbial activiff" Ðigestible cellulose as weIL as digestible enerry

was nof altered by the ilæreased consumption of sa1t.

Effec9s of High epd tou Potassiu!û Leve1s injhe B¿tÍon

Ðaniel et aI (f4) ee¿ higþ levels of potassir:m (I+,2 per cent

added poÈassium ehloride) to ewes and obserned no significant effect on

the nunber of la¡nbs dropped,, wefght of Ia¡nbs at bir{h and aù si:cby days,

and pþsioi-ogfcal state of the eþ¡es as indicated by plasna leve]s of
potassírm, sdirm, calciu:n, nagnesium and phosphoruso Kunkel et, aI (2?)

reported that sodium, ptassiumu ealcium aryl total protein cont,ent of the

serum of sheep were not narkedþ altered þy the ir¡gest,ion of potassim

bicarbonate at 5É0 per cent leveI* Howevers the j¡ch¡_sion of, potassium

decreased feed i¡t'ake and weíght gainsu DeprlvatÍon of salt or ]i¡nited
srater appeared to aecentuate the decrease in rate of galn,

Gunne et al" (f3) fe¿ tthights and. ¡tnorsalrr potassÍr.m hays, (Z"Tj ma

1.3I per eent potassitm, nespectivety) Uottr with ar¡d. without added potas-

sium cl¡loride to make t'he potassinm Ínbake equivalent to /,r"0 per cent of
the ration to sheep. Balaræe studíes re$rlted Ín statistieally signifi-
cant increases in the actr¡al and per eent reÈer¡&ion of pot,assiqa due to

feeding hi.gh potassium hay, and also to feedlng supp}enentary potaseíum

chlorÍde over noÌmal hay alone"

Fontenoü et al (eo) reported the effeet of bigh probein, high

potassitm levels on 70 pound r,¡ether lambs, The noraal rat,ion conùained,

12u8 per cent protei¡ and 1.41+ per cent potassirm, and the hÍgh ratíon

3l+,h per cent pnotei¡ ar¡d h"7 Wr cent ptassiunu Ttrey observed no dif-
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ferer¡ce in coneentration of eÍther sodirm or potassir¡m in the plasna as a,

resul,t of feeding Jarge amor¡rts of proteÍn and potassiuno

Black and Milne (5) frave exa¡nircd the effeet of a potassilr¡n de-

flcf.ency in man. A diet conüaíning less tfn"ri 10 mEcl of potaseirm. per day

was fed to tt'¡o nomal men for six and seven days afber control periodsu

Potassium defieÍts during this potassirm depletíon period toöa-lled 268

and 289 ¡nEq" In addition, serun potassi.rrm l-evels feII and there sras a

parallel rÍse j-¡ serun bicarbonate" A retenbion of soùil¡nn occurred dur-

ing pofassirm depletÍon ar¡d there s¡46 arÌ inerease ín wil¡ure of exbra-

cellular fluÍds at the expense of Íntrace]-lular flufds.
. Btahd and Basset (6) eorxrr¡cted a prol.onged retaboLie süudy

(r7 rive day periods) on a healthy 35 year old nan" For &wo periods of
five days each he consr&ed a norrnal diet contai¡jn€ 9I mEq of potasslrrn

and L38 nilq of sodiu¡n, Ile was then ehanged to a dieù conüainlng 14 ¡a6q

of potassrum ard 92 nEq of sodir¡m, for LL fÍve day periods. Then, for
two ffve day periods potassrr¡n intake rqas íRereased, to só mEq daiJy by

supplenenting w:iÈh potassiun cltrate" The strrdy terninated after cwo

flve day periods on normal potassfun ùlets. Following the start of the

low potassiun diet a negatíve potassir¡m balar¡ce deveJ-oped, Over the

flrsü L5 days¡ urinary potassiun fell to a level which eonti¡nued. r¡n-

eharged throughout the rest of the low potassirm periodE Despite nårcinun

renal conservation a negative potasslr:m balaræe of from one to thirteen
nEq per day eontinued during periods four to elene¿r" Or:mulat,ive poüas-

sium loss fer 55 days vras AZ8 r¡F,q" Serr¡n potassiumr fell fron four to
three nEq per lítar" tunlng the period of potassium loss there was a net
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netention of sodiun and clrlloride tota]lÍng }102 and 6/+ rnEq, respeetfveþ"

Idhen potassirm was restored tæ normal revels a retenüion of 273 nã4-

oceurred. No cljni.eal. alterationa wetre observed, body weiglrt was nain-

tained and from nÍtrogen balaræe studl.es there was rþ evfdsree of aber-

rant protein uetabslisn. The authons süate Èhat altt¡orrgh no clinleal
s¡rnrytons occt¡rred during pot assÍrrm deprÍvat íon, certain signí flcant,

ehanges occur¡red Ín tlre distribution of body fluid" The actnal amount of
potaseiun lost before the zupplenent was administered mr¡].d eorrespond to

tlæ release of two ùo üt¡ree liters of ini:racerlular wat,er, Howeveru no

sÍgnifÍcant loss of welgtÈ ¡qas obsersed" There was, Lnstead, a consider-

able retention of salt, suggesting that ÍntraceJ-lular f,tuld was movíng -

inùo the exbraeellular compartment" ïn conformity with thie redisüribu-

tåon of body ftuid, a 12 per cent decline in the henatoerit oecurred.

WÍth potassit¡m supplemenüation readjustment of elecürol¡rtes and flLuidE

were obserned for severaL dayso The auùhors propose that the potassiun

reentered ühe depleted body cells, threatening the isotonicÍty of Èhe

exbracellular fluid ar¡d as a conseqrence ühe sodÍre and chlonide previ.-

ousþ retained were exereted" Afber potassinm supplenentatíon storage

occurred" Hotrever, t'hese potassium stores were dissipated. within a sreb-

sequenb five day period. Conseopentl-y, a ccnnpensatory sodiu.ur, chloride

and nafer reten'bíon devoloped to countenact the roild dehydratÍon follov¡-

íng fhe s¡li,ne diuresis. The authsrs (Blaird and BasseÈt (6)) Ìnüerpret

these data as evidenee of a definite loss of potassi¡.¡ro from the b{y eetrs

tsithout reason to suspect it was replaced by sodíum"
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E f fSgLg_gl_-Hisþ_Ì1rat e r Int ak es

Ðelfardener and Hexhei¡rer (ró) o¡served the effect of Ìr-tgh water

intake on salt eonsrmption and salivary secretion Ín nann The authors

eryerimented with r¡en over a zz day perÍod, Dudns the first five day

period water intake was norrual. Water intake dr:ring the nexL 12 d.ays

(second períod) was t0 to lZ liters per Zb hours" During the third or

post experimerôal peri,od the patient,s luere d.eprived of water for 26 hours

and then allov¡ed norual water consrmpbion for four days, One rnan uras in
sodium eqtrilibrir.nn during the eontrol priod but during the second period.

developed a substarrtial regative sodium balance wtrich persisted to ühe

end of the third períod" The seeond urån was in slight negative ædir¡m

balariee dur:ing the eontrol perlod. and during the second. period the cu¡ur-

lative sodir¡m balance gradualþ reaehed. equilibrirmu In the third period

the balanee vlas slfghtly negatÍve" $ubject one ha.d a salivary NaeK ratío
always below 1".1 a¡d it feII to íts Losrest level when sod.iw equilåbrirm
was being restored' The concenbration of sod.itm ín the saliva was çLte
differenÈ i¡r the two subjects br¡t both were ürithix the normal rangee The

potassiun concenüra.tions differed less and, were aLso considered nornål.
The salivary Na:K ratio was higher in eubject one when a.llor*anees were

made for ilifferenü rates of flLow. The Na¡K ratio j:screased with rate of
flonr' This paper indicates the NaaK ratio eonËinues to i¡erease at
hi-gher rates (over three mi]1íliters per ninute) of floçrn The authors

conelude that the èiÍferenee ln Na.'K ratios may be due to differences in
aldosterone seeretÍon--if it Ís related ûo sodium barar¡ce"

$tarvaÈi.on and r¡ater deprivation in sheep have been ø<amined þ
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Heyer et al- (35). Four cnosebred rretlers were used. 1n an experÍment,

two 'were fed a basal ration (0.5 per cent NaCl) and two rrere fed bhe

basal plus 1J..0 per cent sodirm ehLoride, Ðwing a preUnr{nary period sf

35 days tho sbeep were fed theÍr respectÍve ratÍonso &fber 36 hours of

shrÍrrlc, ad. l-ibitrm water eonstmption retwned to normal only after feed

was offered, The annunü of r¡rine excreted by the high sal-t sheep duríng

the prellninary period. was much greater than was excreüed by sheep on the

basal ratíon. During fhe ehrl-nk period the rate of urine exeretion of

the high salt sheep decreased rapidþ ard. at 36 hours was redueed to the

exeretion rate of She sheep neeeiving the basal ratíon" The excretíon

ra€e remair€d bfÞ sa¡ne dr¡ring the ni¡re hour period r*ren the sheep wero

offered water on-ly" When both groqps were offered fsod ano u¡ater the

ar¡ounb of urine excrebd þy the high oalü sheep rose to a very high Ievel.

urÍnary ehloride excrebion followed very elosel,y- to that of the total
urine excretedu A,fter sÌrrini<rng føæ 36 howe trre anount of cntorrd.e e¡r-

ereted by tire htgh eatrb sheep decreased ts about the sa,me as that excreÈed

þ sheep on the basal ration" The pattern of sodirm exeretion sras

si¡nilar Èo chloride exeretion. Potassir¡m e:rereti-on in uråne dropped to a

very J.ow level as shrink progressed" There erere no differenees fn

patferns of potassium e:ccretíon by sheep receíving t,he two rations, how-

ev€r, a largen amount of potassLr¡ur:¡sas excr:eted by sheep on the high salt

ratÍon during the prelÍrntnary and recove¡îr periods than shEep receiving

ühe basal ùået" Nit'rogen exereÈíon dropped in the lor¡ salt sheep during

the shrink perÍod but it did not drop üo ühe sane e:cbenÈ as Ín the hÍgb

salt sheep" The sheep on the basal ratÍsn retained a larger amount of,
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potassium during the pre*shrink ard post shrink period than the high salt

sheep. The greatest weíght loss occurred ¡uith the high salt sheep and

the largest nitrogen loss oceurred Ïri¿h the basal raüion sheep due to the

large nitrogen urÍnary loss (tissue breakdown)" The authors sbated that,

l*ten sheep fed a hÍgh saLt ration ar6 shrunk a large parü of the weight

l-oss ie pnobabþ loss of e¡rtracellular flLuid. In the case of sheep re-

ceiving the basal diet fhe weight Loss dr¡ríng shrÍnk is probabþ loss of

Íntracellular flrrid. Negative potassiun balances were obsemed v¡ith both

groups during shrink"

Hix et al (e3) n*ported erçeri.ments rqith sheep dealÍng with ex$ra*

ceJ-lular wat,er ard dehydration, ftctracellular water consists of ¡rater of

the blood plasre. ard the intersüíùial flu:-d, includfng the lpnph. The

great, speed of exchange between plasura ar¡d exbravascular ftuid ís iJrdi-

cafed þ the faet that as meafirred wiüh Ðzo, 73 per eent of the water

(flLexner e! al- (19)) and 60 per cent of the sodim (}4erre}r et_ai. (¡r))
is excha,nged with exLravassular flLuid ever¡r mi-nute" In one erperiraent

50 La¡rbs were divided into four lots ar,¡d received a raÈion of corn and

alfatfa hay for 96 days. Iot one also receívd, 32.3 grarns of potassir¡n

bicarbonate adjusting the NaeK ratio to 1:82. Iôt two receiv& 3O.3 grans

of sod.iun bicarbonat,e adjusting the Na:K ratio to l:2, troù three re-

celved salt ad libitr¡n (average daily consumption of 2I granrs), adjustirg

t'he Na:K ratio to 1s2" rot four received the basal ration onþ ard

showed a Iùa;K ratio of 1t45" After the feeding periød. three rçethers from

each l-ot were placed i-n metabolism cages for 21 days to determine mineral

balances and r¡ation digesùibiI1ty" On the last day of the balance stu{¡r
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the lrla:K ratios in lots two and four vrere changed to 1:82 (fornerly Il2)

and 1s2 (fornerly Lzt+5), respectively, for antagonism and sodirm reten-

tÍon studies and contlnued for seven daysu fn a second experÍ.ment one

lot received a basal ration plus salt ad libitu¡t and a second lot re-

ceived the basal onþ for pd days" Tleee la¡abs fþom each group $¡ere

selected and continued on tbir respectivo diets with the exception öhat

l-anbs fron lot one then received 20 grans of sodiun chlor5-{e per head

daiJy. Sod:ir¡n r"etenbion studies (E:çeri¡aed I, tot 4) shov¡ed that on

arlnrinistering 21 grams of sodir¡n chlorj-de (eq¡al to 8"34 grams of sodir¡m)

dally for seven days to larnbs Ëhat previously neceived a dtet deficient

in sodir¡m, only 3? Wy cent of the sodiirm intake vm.s excreted wÍühin

12 hours¡ 39 pey cent of the sodiun Ínfake within 24 hours and afber

16 honrs 112 per cent of the soùium i¡take was excreted." Between the

second and seventh day there ¡ras a steadiþ decreasing retention of

sodirrmo ThÍs general trend of excepùíonalIy high sodium ¡etentÍon fol-
lowed by a negative sodiurÂ balance 36 t o 48 hours afber conti-r¡uous ad*

ninÍstration of sodirrn chloride had been observed repeatedly, This phe-

nomenon ras erylai-ned by a rapid expansion of exbraeellular fluid vol-ume

Ín the early sodium retentíon stage due to rapid transfer of irrtra-

eellular water to the extracellular conpar{ment, which was fo}lowed by an

abrupü check in expansfon as denonstrated W a negative pdírm bala¡rcEo

The rena-l excnetÍon of sodiun was increased in an endeavor to establish a

noreI balance in body fluids" As long as sodium chloride adninístratíon

continued the sheep rsnaÍr¡ed nildly lgrdrated. The authors state thaù it
1s tempting on t*ris ard other evidenee to zuggest that, so¿tun chloride

intod.caüion ís enhanced wtren the deþdrated sodfu¡m defícienÈ lanbs are
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fed saltu Already deh¡rdrated. the ingested. sal-t nay result in flrrther

celLul.ar de$draüfon ar¡d rapid expansion of exbraeellular ftuid voltme,

ereatÍng a thi¡st drive r*hich eor¿ld not be inmediately sati"sfied because

of the loss of aLl sense of physiologie balanceo The deprivation of

supplemørtary sal$ (Experlner& If, toå 2) to lambs on a fattening ration

resulùs in a loss of body fluids' More obvfous vøas the hfuher degree of

de$dration caused þ feedÍqg potassiun biearbnate to Lanùs wiütr veq¡

little or no reaertÍe soditm (Experineñb II, tot 2) as eæpared ts those

with an appa^rent store of sodlum (Uçer:nent II, toe 1), The adsúnÍ-

stratíon of' sodiÌm ehloride t,o a la,nb (mçertment II, fþL 2) deprived of

supple¡æn€a1 salt for appro:rånately seven rcntt¡s hydratd the ani¡nal w'ifh

a¡l ir¡erease in exbracellr¡lar water of about lte per eent, The qrarrti-

tative e>ctent of the negative sorìjtu balanee (Experiænt, I, Lot 2) for

the seven day period for three lambs was quite sinilar (approximaüely

lul+ grans of sodir¡n) " However, ùhe initlal response of these lambs qrae

quibe different, to t,he poåassirrm bícarbonabe as evidoneed by the excre-

tlon of 8?+ per eenf of the díetary sodÍtm intake within twelve hours by

one anima:"s 592 per cent by a second and 267 per eent, by a third" $odilm

ehloride and sodírm bicarbonate are trydrating tdrile potassium bicarbonate

Ís dehydratirrg åo lambsu HÍ:r et_êI_ (23) conelnde that, defrydration due to

high dietary potassÍum intake is prodrrced by a resulting sodir.m d.iuresis

wlrieh rwy fu eontinuous or transít,ory" Adrinistraüion of sodiurn chloride

fo lanbs deficient, in sodiun expands the exbracellular flLufd volrme

rapiðLy atd pnovides for the storage of sodium, mueh of v¡hich is exchange-

abller and may i¡ nretabolic mergencies contríbute ts maintenanee of the
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normal e*racel-lular fluid volurne, Sodirm ehloride supplementation to

lambs (20 grams daily) hydrates the exbracellular flLuids to increase body

weight by 3 per cent, as compared with unsupplenent,ed. lambs. The superior

gains of saJ-t supplemented lanbs appears to be due to retention of water

as a result of tgrdration.

Denton (r5) has studied saliva levers in sheep using a parotid

fistula' The skreep secreted three liters of alkaline saliva per day"

The sodium concentration was approxfmately 160 nEq per liüer and the

potassium conceróration 10 mEq per Iiter, (Na;K ratÍo rg), with a

nor^nal diet and adequaüe replaeemenü of sodiumo the sheep remained in
good condítion indefS-nite1y, If sodium replacement was withheld the

aniraal beeame grossly depleted of sodium, and the saliva voh¡me de-

creased by approximately one liter per day, In addition, the sau-va

sodirm concentratÍon decreased to 60 nBq per lit,er and potassium con-

centrations i¡creased to 120 uEq per 1iüer, (Na;K ratio 0,5), There was

a colm.ensurate relationshtp between the amount of sodir.m depletion and

the Na:K ratio of the parotid galivan Durjng very range intakes of
sodi-um, the BIa:K ratio of the saliva rose again"

SoÈiun and Potassir¡¡n in -{bnorma_l Indlviduals

Cannon et + (g) nave shotun that, na¡rÍfestatfons of the potassium

defíeíency s¡rndrome are related to the presence of relativeþ rarge

a,nounts of sodir¡m as mueh as they are to potassium deficítss Experiments

have shcs¡n that ryoeardial lesions in rats will develop in the presenee

of potassiun depleüj-on" These, hor,uever, may be insignifieant if Eod.ir¡n

is aLso depleted, but in the preseræe of added sodirm in potassir¡¡n defi-



I6

ci-ent ani:naLs, such lesions become more severe and possibly even lethaI.

It has also been noted that the severity of rryocardial fibre necrosis i-n

potassÍun deficient, ani¡rals Ís jnfluenced þ acid-base balance and

adrenocortical hormones as weAL as by sodium inÈake.

Laragh (¿S) has e:perÍmonüed ruith poüassiwr ad¡uinistrations to

patåents havi¡g low blood sodiu¡n levels. ft j.s believed that patients

with ederÁa and Ïr¡çonatremia (1oro blood se¡qrm sodirmr }evels) may have ex-

changed some pot'assitm for sodlun in their cells thus reducing elrtra-

celluIar sodir:¡su The authon lp,s str:died. 6he oral admi-nistration of

potassfum ctrloride to six patients with hyponatnemia" Thie treatment d.id

not, induce eifher water or sodium dLuresfs" Serr¡n sodium increases were

ofben striking ard sertm potassiun levels also rosen Some of the potas-

siun admin:lstered nay have been enchanged for soùirm Ín bhe cells, re-

leasing sodíuur whieh was not excretd but, served to increase the serua

sodiun eoncenüraüion arxl correct the h¡ponatremiao



EXPffi,TIÍENTÁJ, PROTEDURE

Ti^ie1ve io¡e&her lambs were used in the eryerimentp si;< in eaeh of

bwo replicate rætabolism trÍals" Tlæy ranged Ín weight, tros 62 Ea ?5

pou:rds and were maintaired in metabolisna cages for the duration of eaeh

trial" There v¡ere trco sheep per treatmer¡L in each trÍal or a total of

fow sheep per treat¡ænü, Frior to reeeiving tbe various ex-oerimenÈa1

raùions the ani-mls In¡"ere adjusted üo tl¡e metabolism cages and fed a puri-

fíed diet over a 14 day period, Ttre adjustment perÍod was foilovred. by a

nine day pre*experimenbal period dwing ¡¡hich all ani:nals were offered

the same quarrtity of purified ration. the daily sodir¡n and potassfurr

intakes of each animal weæe rl+2 and 122 nrEq, respectively, during thÍs
peri-odn A 30 day exprimental period followed, during whÍch atl animals

in each trial received the sarne basal ratÍon, but the sodir.m and potas-

sium intakea Ìdere ehanged, As difficulty was encountered drning Èhe

fjrst trlal in m'Íntaíning feed consumptÍon of some sheep, the 1evel of

eellr:Lose in ühe seeond tríaI was reduced fþom L75 ta 1!o grams per feed-

ing, The potassÍr¡n intake of each sheep dwing the 30 day triats was

30"5 uEq daily, and the different levels of sodirm fed were 4,0, 44"0 and

I29"A mEq daíly" These Ievels of sodium are desÍgnated for futr.rre refer-

ence in the texb ¿s rif6srtl, smedir¡nil and ¡lhightl, respectively"

The basal ration used in this experíment is shown Ín Table I. Be-

cause of the tendency of rabion Íngredients to separaÈe, the suerose,

eor:n stareh and easein wetre mi:ed together and weigþed out, at each feed-

ing. tikewÍse, ühe eeLlulose and. mineral mixbwe were weighed separately

and fed" ThÍs enabled eloser eontrol of nut,rient intake and where an
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animal appeared to be reducing its feed intake the level of cellulose üras

reduced fn order to enswe a eonstant intake of nitrogen, sodlum and

potassírrn" ùrrÍng the pre-e4perimental period the sod.ir¡m was supplied as

sodium chloride (eíght grans dairy) and the potassium as potassium

carbonate' During the experimontal períod ühe various quantitÍes of
sodiun were supplied as sodir:m carbonaüe and potassiqm supplied. in the
same form as before. The chloride intake during the e:<perÍ¡aental period

was 3"4 ¡nEq per day and. dete¡-ained by Èhe gravi:netríc method as described.

by the A"o"A.c. (3),

T.{EIE T

BA.SAI, RåITOII

ï¡[çnEpTENT

$o1ka-floc (cel1ulose)

Gorn Starch

Suerose

Casein
JL

MÍnera1 14íxo

ûuring ùhe pre-experimenbal

water consumption, urÍ.ne and feces

FEA CMüg OF RATIOT

35.O

25"o

25"0

10"0

5.O

and experimental periods feed and

excretfons and change in body weight

Ïfhe ntneral mix contajned the followi¡g (expressed in gra.nsper pound) ; 0a0!3r L77 .06;-_C"Fg¡,, 222.?5; mãso¿, t+9 "09 FeSo¿¡ t*,L3;
lpPp^o:*2i cuq.-," 

.? "g ; Kr, o"tü znffi ¡u' o,Vzi"ö,oöír' o-.oóíffilvlou3f u.ooJ6; and vita¡nins A, and D ùo suËpb zo0o r,u:ano ¡oó'ru uue re-
-specti-ve1y, per day. r¡r addj-tion, potas"it¡o, a" Kñoq ana sã¿lr¡m asNa40a v¡ere added ar levels ro s"i,pb 30"5 aEq Ëíã4,' ;î pãtåäi* .øl*'õ, lnh.o and 129"0 muq ¿ã:-ry-oi so¿ir¡n during the erçerimentar period.
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trrere recorded, fn adtition, saliva and blooct sa,mples were collect,ed at

various times (0 and 9 days of tle pne-experinental priod. for bobh

Èrials, and 0, 15 and 3o and Q, 25 â"rd 30, respectivery, for the first
and seeond trials of the e:pennental period).

The feed was rareigtted into the feeders each morning and eveniqg"

Where consunption Þras a problen, as mentroræd earlrer, the qtrantity of
eel.lulose was redueed in order to cnåi.ugain a ænstant iubake of Ène

other nutrient,s, Water ¡r¡as available at aJ,1 tLnes and daijg ssnsr.ûptron

wag reeondedu

The feces excreted were colleeted seperately fr,¡om the r¡rine and

welghed daiJy. Three consesrbive daiJy fecal samples were combLneci, and

retar¡red for analysiso Urine was cslLected by mea,ns of a nrbber urinal
which dralnecl into a glass oollection Jar" These wfnals H€pê cofl-

strucÈed of rubber inner tubes wttn a 5/tb ínen n¡bber hose 1eading frorn

fne urfnal to a glass Jar located under the netaborism crat,eu The

winaLs lcene attacled by tyir¡g them t,o a harness wùrích had. been fitted t,o

eåeh sheepo Ttæ rrine tras co.Lleetd u¡rcer torr¡ene and the tstar quantit¡

exereted durilg eaeh three day poriod ìras recorded ar¡t a sample was re-
tained ard frozen for lster ¿nalysisu

Saliva sa^mples were talcen tw,ice duning the pre-experfnenüal and

three tines during the erçerfunental periodn The sa.nples were obibained br
allovrring the sheq to chemr on a weighed pieee of sponge untÍl l.È beea.ne

thorougbly rnsisterpd" The sponge çras then remorred ard rewe5ghed, ad &hø

qua.nt,ity of salÍva eal,eulated by differ€Frc€E The sporrge and sariva

samples were put into polyethylene bags ano. frozen for later analJsr-s.
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Blood was collected twice during the pr^e-oçerimenbal and tlree tines

duri-ng ühe experimmtal lÞriodu The sanples vrere centrifuged af

2000 r"p.mo for 20 ninutes a¡rl the serrm retained for anaJrsís"

Indívidual ani-ml body weighbs were recorded at the begfuning and

end of the erperi.nental period.

Analytieal Methods

Total nitrogen was det,ermÍned in feed, feces and wine sa,mples

using tlæ Kjeldahl meühod descrrbed by the A.O"A."C, (3).

For deterannatron of nitmgen in tne urine, 10 milliliters were

diluted r¡rith wa,Èer to a vo].r¡me of 50 mitliliters, arul nitrogen deÈermlned

on 10 milliJ-iters of the resr¡Iting solution, The speei-fic gravity of

urine was t,aken as 1,030,

Feca1 nitrogen was deterflined þ homogeni.zing 5O grans of fresh

feces in a &Iaring Blerder uri¿h 5uO m{'lllflters of an acid-rsater solutíon

(20 nls. of coneentrated HCI and /+80 nls, of distilled. waber). Twen$y-

five nilllJ-iters of the homogenate vuere used for the nitrogen det,ernri-

nat'iono 4, fi¡rther sanple of the homogenized feces res retai¡ed for

sociurn ano potassir¡m deteim¡¡atrons.

Tne feeo, feces, urlne, serum ¿¡6 s¡lrva sa,mples were analyzed for

sodrum and potassirrm by flane photonetry, using an lntemal star¡dard

method as described by Berry gþ-gl (4). An 'tÁ,civanced Ftåme Priotometer,¡

vras used. fn wtTfeh lithiu¡n at a concer¡tr¿tron of 3LlO ppmo wås utL¿izeci as

the i¡ternal sùardardo

For sodir¡m anl potassiun anaþses the honogenlzed feces r*as

digested in nÍcro ffJeldahl flasks" The vo}:me of homogenate dÍgested
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depended on treatment, buü generally, 20 millil-iters $lere required for
the trhigh¡t and llmediumrr levels of sodiun and 40 milliLiters rtr€r€ r€-

quired for the rrlowrt sodium level, The organic ¡¡atber was par"bialJy

digested using nibric acid anrù then, six milLiliters of perchloric acid

r"ras added and the heat increased to complete the oxidation of organic

matter and drive off the nitric acld" FÍfbeen mì1lÍliters of deionized

water vras tlæn added to the KJe1dahl flasks and the digest filtered
through l{hat¡uan #¿ro t::ter paper and rede to vohme, generarly, 100 milfi-
líters for the nhighil sodium treatment¡ 50 millilÍters for the r|nediu¡ntt

sodium treatmenÈ ard. 25 nilliliters for the rllowrr sodium treatnent" If
a reading could not be obtained u¡ith these di-Lutfons a further dÍlutÍon
was made.

It was found with the rlloÌürr sodium samples that duplicate flLa¡ne

photometer readings r¡ould \ra.ry considerabry. rt was thought that the

concentration of acid in the final dilution was too hfgh and this uas

par{ial-ly responsible for ùhe varj¿üion in readings" Subsequently, the
n]'61n¡tt sodiun èigestions were done using 1"5 nf l'lÍIiters of perchloríc

acid and littre ùrouble was experiereed thereafter.

For sod:iun and potassíuin anaþses of urine and blood serun, the

sa.unples rtrere diluted, aecording to the approximate concentration of the
two ions, with deionized water ard. analyzed directly in the fla¡ne photo-

meteru The sal-íva was analyzed in a sir¡ilar Ep,rr¡1€ro However, prior üo

anaþsis, the sariva was extracüed. from ühe sponge by placing it in a

polyefhylene bag wj"h 25 nilliliters of deionized water" The sponge was

lmeaded for two ninutes to obtai¡ equilibrium between the u¡ater and salÍva
and an aliquot of, the equilibrated. solution wâs djJ-uted and, analyzed"
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Dry rnatter of feed ard feces was deterrrined by the oven drying

nethod described by the å..O.A'C. (3)" Ðr5r matter digesùibility of the

raùions was determircd by the total collecti.on netbod for two separate

periods (one seven day and one six day), i-n each of the two trj-ars. A

wide range in digestibility was obüained in the first seven day period

(days 16 to 22) and a subsequent six day perÍ-od (days 23 Lo 28) was in-
vestigatedu The two values were pooled and an average value is pre-

sented for each sheepn In addition, the dried feed. and feces sanpleo

were combusted in a Parr Ad.iabatic O>ygen Bonb Calorjmeter accord.ing to

the method of Parr l{anual No, 1J0, and. the digestible enerry of each

ration was determined"

Statistical nethods used were anaþsis of r¡ariance as described

by snedecor, (¿r), and Duncan0s nultiple range test (Federer (lg)),



NËUI,Ts AbID DTSgUffiTO$

Some feed was wasted through spillage dr.ring the adjustment period."

To prevent this wooden süanchions were installed betl¡een the metabolisn

cage and removeable feeders" This restricted the a¡rj¡lals movenenb in the

cages w*riLe feeding and corrected ühe problenr to a large d.egree"

Ðuring the pre-experÍrnenbal period of ühe fírst trial the sheep

received 200 granrs of the sugar, stareh and, casej.n mi:ctræe plus u5 graü15

of cel}¡¡lose per feeding. å feed consumption problem was encountered

with one sheep, and as a result the eoncenürate was reduced. to lfg granrs

per feedÍng dwing the zubseqrrent eryerinenbal period" A consumptÍon

problem was stíll encoru'rtered during the e>çerinental period ro-ith fíve
sheep (sheep nwbers Lu 31 4, 5 ar¡d 6), Consequently, durå'g both bhe

pr^e;experimental and exlærj-renta.L periods of the second trial the cellu-
lose was reduced t'o 150 grarns per feeding, Å feed consumpüion problem

t'¡as aLso erþountered Ín the second trial, h¡t to a 1esser d.egree" Sheep

nunbers one and six, (nlowu treatment), sheep number üwo (rr¡i*6tf üreat_

nent), and. sheep nr¡mber three (,hediunru treatænt) aff reo¡rired r.educ-

tions in the level of cethrlose f,ed in order to maint,ain poncenünaüe eon-

stt¡rptÍon over the 30 day e4periræntal period,

Original- data for t?æ pre-experiræntal ard. expriræntal perá_ods

are presenLed in the Apperdix r, Tables xrve Jff and ll\fr" $odirrm, potas_

eÍr¡n and nitnogen balaaces for the pre-experímenÈa1 perlod are presented

ín Table v' During this period eight sheep were in posÍtfve níÈrogen
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balance, ùhree rnrere Ín positÍve sodir¡m balance and trøe1ve ¡r¡ere fn
positfve potassLrrm balanceu fhe remp'i.n{ng sheep showed negative balances

for nftrogen and soditm. The avenage daily balances rarrged fro¡n -I"29 to
+z"Ih grams per day for nitrogen, -49.41 to +A8,IO nEq per day for sodfum

and+9.83 ùo +47"91mEq per day for potassi.um,

As all tweLve sheep were receiving relatively htgh J_eve1s of
sodfum (fæ nUq per day) and potassir¡n (UZ mEq per aay) euring this
period the reason for negative baJ¿rnes is somewlË,t obscure" ThE 1ength

of Èlme of adJustment period,, coupled with i¡itiaüÍon of feeding a zurd._

fied ration, a,nd' the added stress of being plaeed in nretabolism eages are
possible explanaùfons. The level of feed intake prior to the pre-

experfnental peniod was exbresely variable, and in ¡n¡st cases quite J.ow,

¡uhich meant' that the Íntake of sodir¡n, potassirm and nitrogen dgring this
perÚ-od lças also r¡ariable" There was no ínfor¡øtion as to ptqrsiological
cordition of the sheep prior to being used for thfs experfiment, whi-ch nay
have contributed to the rægative balanees observed w.it,h sodiun and

nitrogen' $onne hayu vùich v¡as fed during the adjusünent period to pr"omote

eatÍng, night be the reason for the posÍtive potassium balances in a-tl
sheepu Hay, being relatÍveþ high in potassium, would have enabled the
animars to be in positive potassfu¡n balance at the inltiation of the pre-
experf:nenfal perÍodu At the sane time some of the sheep nay have been in
negative nilncgen ard sodium balenee at the beginning of the pre_

experjrnentar periodo This negative sod.ir¡n barance could arso have beer¡

the result of sodium-potassirm antagonism resulting from a ro¡ide sodir¡n-
potassium ratio, which nay have increased potassiurn reter¡bion and at the
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sa.ne ti.mê increased soåium excretion wíth the sheep unable üo overcone

this negative bala¡ce during the nine day periodu Th-is is partia[y sub-

stanbiated by the work of 0runerb et aI (ef) '.nittr rats and lt,ix -€g! (e¡)

w'iüh sheep. They found tlat high poüassirür levels (wide sodir¡n-

potassirrm ratio) røere anbagonistic, and tended to increase ühe sodium

requirement.

Dlgestihility values (Tab1e fV) caleulated for sodj-rm were 88.I,

85"6 aJú, ?9"0 per cent; for potaseíun 8003, 88.? and 85.? per cent and.

for nftrnogen 55,2, 56"2 and 54,4 per cent, respecüive1y, for the trlonts,

lrmediumrl ard nhi€htl treatmentso lhere were no statlstical ciifferences

in treatuent effect for dÍgestibilÍüy of sodir¡m, potassium or nitr.ogenu

Hornrever, a period effect was noted with potassium digestibilíùy which rmas

significant at the fÍve per cenü leveI. This probably resulted fron age

differences of the weühersu These values for sodium and potasslum are

nof quantiüaùive since no valtæs wene known for the quantíty of these ions

supplied fbom saliva or by constant ion exchange through the ¡r¡menn They

do, hcnnever, give an irdication of the amor¡nü of sod!.m and, potassium

dlgested by sheep reLative to the amounùs fed. Likewise, the d.igesti-

billt'y values preserùed for niürogen are apparent an¿ not ürue valueso

The excretion of sodir¡n, potassium and nÍtrogen ln r:rine and feces

on an average dally basis ù¡rir¡S the pre-experimenbal period j.s shown in
lable V. The sheep desigrated Hlcnn¡rt excreted sIÍghüly more sodir:m fn the

urlne and less 1n the feces than the amediì&rl and trhigþrf sheep, Values

obtal¡ed for sodium were 15L.71, L33.3? a.ud L3t+"1+j rnEq per day j¡ urlne

for ùhe tllowrl¡ trmediu¡n[ and rhighrl sheep, rrespectively, and !6.g,1, zo"6t+
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and 29."77 nEq per day in feces for the same three treatmer¡bs. Total

average dally e:ccretions for the nlow4, tlmediumn a¡rd ohightr treatnents

were 168.58e I54"0I and 164"20 mEq of sodir¡n, respectively" Sodir¡n ln-
take ftming the nine day pre-experiruerrùar peniod, rqas r42 nEq per day,

erd conse4rentlyo the sheep shoÌì¡ed overaLl negative sodir.¡m balanee" The

possÍble reasons for these negative balances have been mentioned previ-

ousJ-y. Values obtained for potassiun excretion via r¡rine reveal a siní-
larfty in output for atL sheep, The feces potassfu.m excretion by sheep

to be designated rrlowrt was slfgþtly higher than the rlqedi,mrr srn¿ rlhÍghÊq

troatment" Urinaqr potassium exeretion for the l¡1o3{¡t0, rfmedir¡mn and mhÍghn

treatmer¡bs ÌÂras 72"33s 72"92 and 6?"89 mEq per d.ay, respeeti.vely, w?¡ile

feces varues were 23.68, L3"77 and r?,42 mEq per d.ay, respectiveJy, for
the same three treatrenbs. Total daÍly output was 96,01 s g5"79 and,

85"3L nrEq, respectiveþ, for ùhe ¡elown¡ nmediumü and. nhlghrt treatments"

Average daily niÈregen excreùions for the HIowü¡ nnediunrl and

ttnighl, treatnenbs were h"O6, h"6Z arù J.O! gr¡.r¡s, respectively, for
urine, ad 4"23t 4-08 anc 4.3? grams, respectivery, for feces" The

totals were 8.2te 8,70 and g,46 grarns, respeetively"

Average ser¡iin r¡alrreE durirg this period for the ffiLowü¡ rnrdir¡mr¡

ard trhfghrf designated slreep were ll+0"2, ]..t+L7 and L3g,Z nfr per liter for
sodirm arvl for potassium h,6To l+.93 and.5.04 ¡,gn per lÍter, respectively"

The varÍatic¡r in saliva concentration of sodlum and potassinm

among sheep during tb pre-e:rperÍnental period was relatlvely large,
Howevef, average values for tt¡e tllovfn¡ nnedi ,mlf ad t|highn sheep wene

IO3"36t 110.14 and I21"40 nEq per Iiùer for sodir¡m and 18,2I, l-6"Å4 and

26"L1+ nEq per Iiter, respectively, for potassium.
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Average toüal water connrmptíon in each of the three grou.ps ¡ras

quite sinLllar orrer the nine day period, being l3.TLs 12,65 and 12"65

liùers, respectÍvely, for the ilIowil¡ trmediumtr and tlhj€hrr designaüed sheep.

LiJ<ewíse, average total urine excreüion was similar (6"57, 5,72 and,5"OZ

liters, respectively, for the three troeatnenþs),

E:cperi-nenLa} Períod

The average daiJy excretlon of sodir:m, pobassirun and nitrogen dur-

ing fhe oçerirental perlod is presenbed ín Table V. Since there was a

wide varlatÍon in average three day balance values ttre data are arso re-
ported as crmulatlve three day values throughout the J0 day period

(nigure 1)' It was felt er¡ntùative balances v¡ould give a clearer indi-
eation of the bal¿nce state of the animal over a tine period ar¡d trends

could be more c"Learly delineated. Cunr¡lative balar¡ces were calculated by

adding or subbracti.ng, as the case m¿ry be, pnogressive average three day

baf.ances" The value obbained at any period ütrroughout the trial is tot,a1

bplar¡ce (totaf íntal¡e-tot,al output) up üo that period"

Sodíwi Bal¿nce

Both cumrlative aad ühree day sodfurn balar¡ces are shown in
Flgwe 1. The t{lowti treatmenü *reep were in negatlve cunuletiye balanee

whleh sttosted deereasÍng sodír.m retenbion throughout the 30 day perj-od*

the ltnedir¡nlr treat@nt sheep v¡ere j.n s¡-ight negative cmulatlve balanee,

whfeh becaæ less negative as the period pnogressed. Sheep receiving the
Ithi&n Èreatment wene in positive cumulatlve balance which lncroased

throqgþout ttþ J0 days"
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Statistie¿I anaþsi" og 

"øium 
balance Ís presented in Table Iï,

Differenee between treaürents l,ûas significant (p<.01) and a comparison

of treatmenü means (Table IIï) sho¡¡ed a signifícant ùlfference (p(,OI)

between all three treatmenüsn There was also a signifÍcant (p<.0I)

ínüeractíon (the interacti¡rg bei-ng perC-od times level) i¡dicati¡g that

treatmenü effect varied aflþng sheep between periods.

{"ittg total crrmulatÍve balance values for individual sheep and

calculatíng av@rage daf-Iy balance, all four sheep on öhe nlorCr Èreatmerds

were in rægative sodir¡n balance; two of four sheep on the n¡neùir¡nm treat*
ment were in positive sod.ir¡nn balance and all sheep on the rthigh treatmenb

t¿ere Ín positive sadir.¡-rn þ}anee, The range in average daÍJy balance rças

as follos¡st Blowm -19"87 Lo -6"75 nþq per day; tûmediumrs *3.gO to +3,L7

nrEq per Êay; and nhighil+1,I9 ta+21+"ZZ rnEq per day"

Ðigestibility of sodir¡m (raule rV) r,,ras caleulated using the

average excretion for four sheep on eaeh treatmentu The ttlowr treatmeni;

group excreted more sodium v'Ía the feees than thry conzumed. so no value

oould be obtained- For the rïne.diumfl treatsrer¡ü the value was 6T "Z per cenb

and the tthídrtl treatment value was ?g"5 per cento Thus, feces sodir¡rn ex-

cretion appeared to be affected by the rever of sodir¡a fed,

The average daily sodium e:ccretlon (Table V) tn both urÍne and

feces was lowest in the lllowrt treatment sheep and then lr¡creased as

sodium eonsumptíon inereasedu Uri¡e values for the rrlowrs¡ [medirmrr and
tthightr treatment,s grere Lo"g5t l;0.g6 and gg,s/ nEq per day, respectively.
Feces excretion for the three treaùnents ?rere r¡Iowrr 6"g3¡ mmedirmn :rh.h3i
and tthightt 27.77 nEq ¡mr day" The total daily exeretion ín both urine
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TAET,E IÏ
A¡üAI,TSIS OF VARIANOE FOR ÐÐTU}f BALA¡{CE.

VarÍaf ion dlt Sqtrare F Value

Levels

Periods

LxP

Error

2

I
2

6

r25805O"53

25L9,52

3296L2.7L

7h522"70

629025,26

25L9 "52

L6t+æ6,35

L242O"h5

50" ó4#

o"20

13"2?M

Toüal Lt r66t+7o5"tþ6

e(r<.or)

TABI,E ITT

OF

Treatment,

Average $odium Balance

. 
lllo¡¡n

-391+.77

lNMediunrl

*19"39

uEiqh"

+ 397,99
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TABLE T\I

'I[@DÏT'M¡'
THIGEn

FRE-EXPMTMEI\TTAJ.
so¿ium (Ø)
Potassir¡a (Ø)
lritroeen (Ø)

ÐxmBIlmM4t
sodÍun (ø)
Potassir¡n (Ø)
Nitnoeen (Ø)

gg"L
80"3
55u2

o.o*
48"9
59 "2

85"6
gg"?
56.2

67.2
TL,9
59"1

79,O
85"7
54.h

78.5
73"7
56.8

#ï{ore ædirm was exereted in the feces than was eonsr¡med and

conseqlrently, if a digesÈÍbility r¡alue vras calc¡¡lated. it rcr¡ld be less
than zero.
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TABI,E V

ÅVERAGE ÐSr=Ly-Ð(cBË'r-0-IiJlg Þ0p+[q" porAssruM ANÐ NrrRocEN
TI.I FECES Á]']D URINE DURfI'IG PNEW

rllohltl
TREATI,EIIII

rrÌvÍEÐIU¡1ilr ilHIGHI

PRE-EXFER]}üJNIÅI
Sodiun (mEq per aay)

Feces
Urine

Total

1A A,
151"7r

20"6h
r33.37

29.77
L34.43

16h"20168,58 I q/, ô1

Potassium
Feces
Urine

(mEq per day)

Total

23.68
72,33

L3.77
72"02

17.42
67 "89

85.3L96"01 85 "79
Nitrogen (gm.s per day)

Feces
Urine

Total

4"23
l+.C6

4,08
4"62

4"37
5 "O9

g 
"29 B" 70 v "4b

EXPERTME\TIA.T

Sodium (rnEq per aay)
Feces
Urine

TotaJ.

ooY i
1rì aq

17"B8

Il+.1+3
30.8ó

27,77
gg.g7

l+5 "29 LI6"7l+

Potassium
Feces
Urine

(mEq per day)

TotaI

15,5i
14.05

Õe 20
14.1ó

8"05
12 trr7

29 "61+ 22.72 2r,62

Nitrogen (gms per day)
Feces
Urine

3"38
)- r7A
+o¡v

3"67
)"ó(

eryA)ø lv

3"82

TotaI 6.14 7.51t 7.58
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and feces was nlowrf 17"88; tlmediunrr h5.29; and 'thighn r-16.71+ nnqper day"

Thus, w?r1Ie the tr¡ediumrt sod.iwL sheep rrrere i¡ negative cr¡mulative balance

the average dajJy balance was only slíghtry negative (l"zg mEq per day)"

Thfs would indicate that consumption of 44"0 mEq of sodit¡o and 30"5 r¡Eq

of potassium daiþ is very near ühe amount required. for sodium balance in
sheep, under the condibions of this experÍrnent" The reason for the
Itmediunrf treatment sheep showing a sIÍght negative cumrrlative balanee,

was that, inítiatly (first three peniods) they were in reratively high

negative balance. However, during five of ùhe remaining slx periods

they showed a positive balance (nigure I)" Gonsidering the 1eve1 of
sodium excreted i¡ wine (t0,95 mEq per day) and feces (6.93 nEq per day)

by the nlovlt treatment sheep it appears that there is a minj-num a¡rount of
sodiun that can be srcreted by sheep regardless of i¡takeu The qrran_

tities excreted arìong sheep on the ttlowtr treatmer¡b varied eonsiderabþ.
The range for urfne was ó"83 to 1ó.80 nEo, per day r"rith three sheep being

under 12.3 ¡ßq per day; and feces r+.3û to 1r.21 mEq per day with three
sheep being under ?.6 rnEq per day, This minùnum daily sodir:m excretion
via urine ard feces appears to fall somewhere between 11"21 and 24"4g nEq

per day when 4"0 nEq Ís fed" Horrocks (24) noted that the nrinimum anor:nt

of sodir¡a which could be excreted per day by steers in the urine and

feces appeared to be approxi::nately 0.! grams (zL"'l nEq) 
"riren 

fed a nain_
ùenance ratÍon and supplying 9"69 nEq dai\y of sodiu:n"

Fotassium Balance

Potassir¡n balance data is rreported

feeding the e:rperínentaL lenrels of sodiìm

in Figure 2" 0n initiation of

and the reduced level of
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potassi-um, the sheep aIL showed a negative potassium balance at the first
collecbion period' This indicates that at least three days are required

for sheep to physiologicalþ adjust, or to regain potassium balance, when

sodim and potassium intakes are abruptly changed, The largest negative

balanee oecumed Ì¡:ith the rlcn^rn treatrænt, foIlowed. by the rtnedi¡su ¿rr¿

fhe least nqgative balance was observed in the rlhighn treatnrentu ft
would appear from this data that afLer reducing potassir.un consumption,

the excretion of potassirun, for a shæt perÍod at Jeast, remaj.ns similar
Èo when a higþer Ievel was fed" In addition, the level of sodin¡.r con-

sumed may lnflLuence potassium excretion, aå Ieast, t,emporarily, The l_ovr:

est level of sod.j-um consrrned appeared. to inerease potassi.um excretion"
ït should be noted, however, that by the second three day period, the

sheep had ad'justed for this inbalance and were agaia nearþ at bala¡rce"

The facü that Level of sor.l.l um affects potassium balance i_s flrr4,her sub-

stantiated wtren the trend i-n the average three day balance values is con-

sidered" Althorrgh all sheep were in positive balance, the trlonrn sheep

retair¡ed considerably less potassir.rm than either the frneaiumn o* lr¡1*¡ir

sheep" Thís appears to be associated qribh digestibÍlity of potassium,

possibly caused by an antagonistic effect due to the sodium-potassiurn

ratio" Potassir¡m digestibilÍ-ty varues of 4g"9, IL,g arñ. ?i"T per cent
were obsenred for the ltlov¡tt¡ [medir¡n$ and. ßhigh¡! treatmenbs, respec-
tiveþ, (Tabte lv)' staüistical anarysis, however, reveared no dif-
ferences in digestibllity of potassfi¡n r¡hich could be e:rplained by the
extremely wide variation in dlgestibd.lÍty which occr¡ryed arþng sheep on
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t,he fflowtf tr"eatnent" Values obtained were 6"27t 5h"6r 56,4 and f8,2 per

cent for the ilIowtf treatment sheep. In the case of one sheep (nr.¡nber

three) 1n tbe fÍrst triaL, fecal potassírrm excretion dr:rÍng the initial
parb of the experilnenbal períod rnenrained at the same leve1 as during the

pre-e4perÍmental period, 0n the otlær hand, sheep number six in the

second trial e:rcreted considerahly less potassium in the feces than any

of the other rlown treatrnenü sheep, ard consequenüIy, had a relaùive1y

hÍgh digesfibility va1ue, The reamn for these vride differences is not

knov¡n but they occurred on-ly with sheep on the rîIowlf t,reatænt" The

other two sheep, (nurnbers four ard one) on the ßtlorlrl treatnent had

simi]'ar dÍgesüibility values (average 55 per cent) ar¡d. were eonsiderably

Lower than values obtai¡ed for the lrmediumr| and tlhigþn treatmerùsu Thus,

when potassÍum consr.rmptÍon is 30,5 ¡úq per day ühe qtrantity of sodium re*

quired for maxinum potassiun digestibility appears to be gneaùer than

4.0 mEq and nearer 4/+"0 nEq daily

Ånalysis of variance (taUte VI) revealed a significant difference

(f <,05) Ín potassium balance as affected þ the level of sod:ir¡m fed"

Duncan0s comparison of treatr¡ent uþans (TaUte VII), shcn¡ed. that the illowm

treatment ruas significantþ less (F <"o5) tha¡r the otÏ¡er treatments.

Urinary potassiun encreüion was approxìrnateLy the sa.ure fon ajLI treatments,

beíng 14"05¡ 14"16 ar¡t 13.57 nE'q per day for the ttlowtr, ilmedirgrr ar1¿ rrhigh'l

levels, respecbively (faUte V). Thus, any marked cjlifferences i:r potas-

sÍum balance must be associated with fecal potassiun excretion, r,,ü,rich roas

L5"59t 8'5ó and 8"05 mEq per day for the çilov¡¡a¡ nnediumn and lthidtts

treatmenbs, respectively (taute v)" Tk¡ese generalþ higher leveLs of
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TABI]1 VI

ANALYSIÊ 0F VARIANCE FoR POlASSIUivl BAL4NCE

=--
Source of Srrm of Mean Calculated
Variation d/f So¡rares Square F Va1ue

Levels 2 L51t3O2"35 77I5L"L7

Periods I ot.v¿ o) øv1

7J2*
0.005

rôdLxP

Error

2 2261+0.01+ II32O.O2

/ / -^ãño o s¿t t .O8 105¿16.18

Total 11 2bO2B2.Bl+

*(p <.05)

TABLE VIT

DUI'üCA}i]' S CO}trOARISOI{ OI' iviEÁNÉ FqR PA['ÅÐSLI& Bé!ÄNCE

Treatment

Average Potassium Balance

rlowlr ilMediun" r¡Highft

14"89 238"1+9 269.1þ0
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pota.ssÍu¡n excreted in tlæ feces of sheep on the ttloïrlt treatment aceount

for the lowor posiüive bala¡ces. This, however, is not associ¿ted v¡ith

dry natter ûigestíbility since no signifÍ.cant treatment d.ifferences hrere

obserrred for dry matter digestibiliùy, Therefore, it would appear that

the leve1 of sodium fed was the factor affecting potasslr:m rrtgestibÍtfty.

Nit¡rcæn_Ee1Ance

Data concerning nltrogen balance ís presenbed in Figure 3" all
thrEe treatnerùs showed positive er¡nulative bal¿ncesn The cr¡nulaüive

baLances for the r0neditmtr and tthlghtt treatmenüs s¡ere very srmiLar and. in-
creased steadily thnougþout the 30 day trial-, 0n ttæ other hand, the

eumllative baLar¡ee for the 88lowlû treatnent re*ei¡ed faÍrJ.y constanÈ

(between 2"0 a¡rd 7.0 grams nitrogen) throughout the !0 days and during

the last for:lr penlods the average h,rances were negative. There was a

signÍflcant (f<.of) treaüment effect on sumulative nÍtrqgen balance

(taUte Vffi)' Sheep recelvíng the r|lowr¡ treatnent netained signifícantly
less nitr¡ogen than an:¡?J.s receiving either the rhedÍumrt or ¡thighrl treat-
ments (Taute IX), Furtbr, ùhere.was a signifÍeant dijference (p(,05)
between tríals in nÍtrogen balance, r^Éth anjnals showing greater posiÈíve

balar¡ce during the second trÍar, This rnay have been d.r¡e to age d,if-
ferences of the wethers, as the sheep used in t_he second. trial hrere ep-

proxinately 9o days older than the sheep used in the first tri-al-
Nitrogen digestibÍlity (Table IV) v¡as sÍrnllar for aLL treatments,

beÍng ttlorrrtt 59.2, ItmedÍumt¡ 5B,I and nhighu 56.g per cenËu Feca1

nitrogen excretfon (taUle V) for the ||Io]rr¡, rlrued,Íumr and r¡high¡r treat-
ments was 3.38, 3"67 aû, 3.?6 grams per da¡r, respectively" ThÍs uould
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T¡-ff,E VITT

AIüATYSTS OF VABIANcE FOR NTTROffi¡ü BATANCE

o
Variation d/f Souares Squares F Value

Level-s

Perlods

LxP

Error

2

1

¿

6

2284.t3

LOg5,O7

227 "r2

558"39

rrt¿,qT

LOg5"(n

]f3.56

93"O7

:-:2,27ffi

Ll,?7k

1.22

TotaI lo].64"7t

Sle 4,or)-(p< 
"05)

Treatænt

Average Nitrogen Ba1anc e

||lohf rl

5.67

ill,lighrl

33"38

ilMediunn

36,29
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account for the sligþt differences in digesüibility sirce nitrogen Ínüake

aJnong treaünents was the sane, Urirary nit,rogen erceretion (taUte V) was

h.76e 3"87 and 3'82 grams per day, respeetiyely, for the ttlov¡rt¡ nmediunrr

and rlbighrr treatments" As the rlown treatnrent streep had the higþest

nitrogen digestihility, yet retairæd the least nitrogen over 30 days, ðhe

larger urÍnary loss suggests lowered ce]-lular uülJ-izatj-on" Fr¡rther veri-
fication of this phenomenon is shor¡n by the fact that the nlown treat-
ment sheep aL[ losü weig]rb during the experimental period. (raute x),
whereas, tÌæ nnediumtt treatment, lost sllghtþ ard the rrhighn treatment

gained slightly in weighb" The level of sodirrm fed nay have affected

utilization of the absorbed nitrogen, thus resulting in weigkrt losees to
the animal s. This would seen t,o coíncíde with a general statenent by

Maynard ani Loos1i (29), They Írslieate that a lack of sodir¡m 1ør¡eæ the

utilizatÍon of digesüed protein and energy.

Sodit¡m ard Potassir¡n i.n Sen¡n

Sen¡n sodiu¡n and potassj.um levels are shown in Tahle XI" There

was no sfatistieal treatnent dÍfferenee in seruin concentrations of
elther sodium or potassium, The serr¡¡n eollected afber 30 days on test
showed a lower sodÍrrm concentration ttran previ-ous values for tÌæ rlown

treatment sheep" However, this "¡¡as pr"obably due to a r,uithi¡r ¿nim¿]

variation ard not a deeline which wor¡ld continue had the øçerinent beer¡

of Longer duratfon,

Sodlu¡n -ard Potassiun fn Saliva

sodiun ¡nd potassir¡m concentraÈions in s¡riva are presenbed in
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TA,tr,E X

BoDY WEIGI-il CHAIùCfrS 0F Sm.,Ep DURING

Treatment Sheep No.
Initial
'tr',feight

Final
Itleight

-ttl*eight

Change

llLoI¡f tl 1

h
I
A

6l+

6l+
o)

7h
68

66

o¿. (

-10
@Õ

- Ao/.Average OY oU

illvlediìnn|l ()
OI
67
70

ó8

1
LU

1

T

-2
-6
"1
+1

Average Aa 17 Arl ,7
vl c f - 2"4

ilTJi ohn

Average 68"2 69 "O +- 0.7
ry

t1
ó8
72
o)

73
6B
70

2 0
0

+2
-r]
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Table TII" The coræentration of these ions varied ænsiderably anong

sheç ¡viühl¡ treatnents. &t the conclusion of tle 30 aay experÍmentaJ.

period there was no signiflcanb differerpe betrnreen treatænt,s ln either

sodium or potassi.rm saliva Ìeve1e"

VfaleX_Consunctf 9E

tfater intake ard urC.ne excretion are reporbed in the Appendix I
tables" Average daily s¡ater Ínüake during the experirnental period was

stniLar for aIL treat'nenb s being ].:066, 1085 and fO72 nÍLliLfüers for the
lllo¡¿il¡ timediunrt ard. r|hlghtt sheep, respectively" Urine outprrt varåed con-

siderabl-y and vallræs obtalned were 5a7 o 336 a&r 3r9 mil1iliters, re-
speetÍvely, for the three treat¡nent so The trlowr! treatnent sheep ex-

creted more urine i¡ldicating sorre detrydration dr¡e to the ¡tlorr¡lÎ sod.ir¡m fn-
take" This could partÍaL\r account for the greater Loss of weight ob-

sern¡ed w'it,h these sheep"

Ea,Uipn_DieestibiHty

Feces dry matùer data Ís presenbed i-n ühe Appendix If, Table NVII,

Dry matter and energr digestÍbiJ-ity data are preser¡bed ín Table lCtII,

The values for the two ùifferenb periods imrestigated wÍth the same

sheep dro¡r a fairly large variation in both dry mtter and eners/ digestÍ-
bÍlíty. In addltíon, the variation anon€ sheep w:lthin treaù¡r¡ente ræ.s

also considerable" There was, however, no significant d.ifference between

treatnents in dry matter or energy digestibiliW, The average daiþ
enersr fntake was hlghest for the ¡rhighr treatmenf (L,jg thertns ¿igest-
ible enerry) and slighÈþ less for the flmediumn ( l.lo5 thems dtgestible
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TABTE XTfi

DRT MATTER AND ENERGT DIffiSITBILTIY AI\TD

DIGESI IBI^E ENER,GY TNI,\]!T

TREAT}M}$ SHEEP NO" PER,IODIÃ DTGEsTIBILIrY ENFfrGY I]NEBGT CONsUMED
(rnn cmi'r) (prn cri,¡l) (t¡unus)

ilLolf rl 1
2
I
2
1
¿
1
2

Average

5r.78
53"O2
6l+"67
58"84
63,9t
70.81
65,57
6o"l*6

6L.L3

52,OL
5h.tg
65 "t+7
59.1+8
6l+"2I
72.23
oo"i>
6t"52

62"O2

1.38
1"00
t"73

"951.58
Ie O)
r"64
L"39

1.40

?

Lt

I

6

ilIEDIUMff I

4

1

1
¿-

1
2
1
¿

Average

62"02
ozøö4
51"01
O4o1l
69.45
5L.51
)) o)¿

59 "98

59 "54

OIorI
65.l+h
5r"55
66.76
69.87
53.82
2).OO
59 "79

60.h2

L"63
1 rr2
Lo l )

1"28
124
r"72
L"25
r"37
1.48

L.l+5

nHlGHrl 1

I
2
1
¿
I
¿

åverage

66"92
63,92
62"22
57.1O
72.L2
68"2r
l+6.L6
ov" )y

62"L3

67,51
64"74
62.68
57.52
73"07
68.56

l+7 "L7
6L"l.l+

62"79

L"79
L.72
l.6l+
1"41
1"80
r.69
IOIO
1"51

r"5g

EPeriod--l refers to first
6 aay trial.

7 day trial arÈ 2 refers to second
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enersr) and ttloü¡tr treatmenbs (1,40 Èherms digestible energy) " This dif-
ference 1n digest'ible energy consumption þ t,he rrlow¡t and tfmedium¡t treat-

¡¡ents wtren compared to tt¡e rlhighrî treat¡nent was due to a reduction in the

Ievel of cel-Lulose fedu As menüioned earlier an appeùite problem was en-

eountered and in order to maintain constant i¡take of protein and

minerals the ceIlulose was redueed" This problem was not encounterod. to

the sa,me exLent t¡¡:ith the rthighrl treatment sheep and as a resuilt the daily

energy intake was higher o\rer the 30 day priod. these differences i¡
energy ir$ake along t,qith differences i¡ water retention rr¡ould account for
the variations i¡ body weight change which occurred among treatments.



SU}fl4ARY AND CONCLUSTONS

Tl¡elve wether l¿mbs srere used in the erqperÍmenü, six in each of

two replicate ætabolim trials. A ni¡e day pre-e:çeri:nental period,

during whích the sheep received equal amounts of a purified ration, lJas

followed by a 30 day experimental period. During the erçeri:nenüal period,

Íntake of the purifÍed ration was equalized and levels of sodium consuned

were nlowtt (4"0 nEq per day), nmediumr¡ (44,0 rnpq per day) and 'rhÍgh¡r
(lZg,O nEq per d.y) nnitf, all sheep receiving 3O"5 mEq of potassir:m daiJ-y.

Data coJ-lected indÍcate the foltororinge

(f) The leve1 of sodir:m eonsumed resulted in a sígniffcant dif-
ference (p <',gf ) in sodiwr retained among al-l- treatments, The rrlowfl and

nmediumrr treatments vrere in qrnulatÍve negatÍve sod.iutrr balance and. Ëhe

rlhighrr treatrrents l¡Iere in eumulative poslüive sodium balar¡ceu The sodir¡n

requiremenb for balance appeared to be near l+/+"0 mEq daiþ ¡shen 30"5 nEq

daily of potassfi¡m was congumed,.

(2) The digestihü^liüy of sodir¡m appeared to be affected by the

level of sodir¡m consrrned, Feces sodit¡n excretion for the three treat-
nents ¡¡¡¿s rr]6wti 6"939 ttnediuntr l'h"l+3i and tthightt 27"7? nEq per dayu

Sodiu¡r jntake for the Í].o$rrt treatrent sùreep ms 4nO mEq per day and as a
result a earcnl-ated digest,ibirity value worrld be less than øero"

(g) Differenee in potassium balance was significant (p<,05),
with the mlowtr treatmmt sheep being differenù than the oùher treatments"

AIL treat¡ents, however, showed cunu¡lative positive potassj,um balaneeu

(tt) There rùas no signíficant differrence j¡ potassir:n dlgesti-
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bttity due to wlde differences obtained with the |tlor'rrt treatment sheep.

$) The nÍtrogen retaÍned over the 30 day øcperì.menbaI perÍod

by ühe rrlow$ treatment sheep was significarÈly (p< "Of) Iess than anounbs

retained. by ühe nnedirmrl ard. ahÍghn treatment sheep,

(6) Treatment dld not significanbþ affect digestihirity of
nitrogen"

Q) No significanü d.jJference Ín seru¡n or saliva concentratÍons

of sodÍun or potassÍr¡m v{ere noüed wer the 30 day experinenbal perlod,

(s) Dry rnatter and energy digestibÍlity varfed considerabry

within treatments but there þras Ro signiflcafib difference among

treatments.

(9) Streep in elI treatments consumed. essentialþ the sane daily
volume of waùer but a¡Í¡als receiving the ltlortr¡f treatr¡enÈ, excreted the

moet urine, followed by the tîr¡ediumtl treatment, wÍth the nhighrt üreat-

menü animals exereting the least urÍne.

(fO¡ O.rer the erçerimental period the ttlown treatment sheep lost
weighf, the rrmeditmrt treatnent lost Jusü slightly and the mhíghrr treat-
ment rnaintained their weight" The differences 1n body weight changes may

be associated with differeræes ín digestibile eÌÞrgy inüake as weLL as d.if-
ferences i¡ water netention rE?rich occurred a^aong treaùments"
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TABLE )ffII

rEcEg_ÐEY__tM.ATTEn (Pm CEI\E )

TREÂT}MNT SHEEP NO. PER,IOD 1* FERIOD dÈ AVERA@

I

l+

1
6

5¿+"L3
57,OO
56"62
@.80

Average 57,t3

ó4"10
55"O3
56.70
67 "63

60.86

59 "r2
56.O2
)o, oo
6h.22

59,OO

TMEDIUMIl 50"79
h2"35
70,30
62"82

Average 56"56

I
6
3
I+

55.50
59 "l+3
6l+"1+3

59.16

59 "62

53"L5
50"89
67 "376o,gg

58"r0

rrHIGflrl 2

2
5

54"r7
l4L'75
56.06
l+5"LL

Average l+9,27

45,67
l+9 "83
59.L6
57 "t+6

53"o3

l+9 "92lþ5.79
57 "6L
5l.,29

5L.L5

^*n"t"""ffiR"f"rs to
to

first 7 day period,
second 6 aay period"




