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ABSTRACT

PÛT^âSSTUM I\4ETABOLISM IN THE OVINE

by

LLOYD ÐARì/üTN CAMPBELL

Two 30-day balance trials, a 56-day feeding trial,

a 56-day paired feeding trj-aI, and, an appetite trial were

conducted to study the rore of potassium in ovine nutrit,ion.
r¡üestern range wether lambs vüere used in the experiments. Ã

semi-purified ration consisting of brewers grains, corn starch,

solka floc and animal talrow was used in the bala.nce studv.

A similar ration was used in the feeding t,ríals. Levels of
potassium fed \^rere O.7, ("Iow,u) , 2.2 ('nmedium,.) and 3.7

("high'n) g per day in the balance st,udy and 0.1, 0.3, 0.5

and O"7% of the ration in the feeding trials.

Tl.e data suggest that the optimar ration lever of
potassium for fattening lambs is between 0.3 and o"s% of the

air dry ration" The o"s% trea.tment exhibited an average daily
gain of 0,37 lb per day in contrast to 0"06 1b per day for the

O,3/" lambs" The O"L% level resulted in a marlced decrease in

feed consumption, a loss of weight, listlessness, pica, damage

to the kidney and a decrease in flon-scot-lred wool potassium corf-

centrations" A paired feeding trial revealed an effect of

potassíum on growth as la:n-bs consuming a 0 ,7% potassium ration



gained significantly (p< o"os) more wei-ght than lambs coÐ.-

suming the sãme quantity of a O.y/" potassium ration-
serum potassium and phosphorus concentrations of

the 0"1 and o"Y/" poÈa-ssium lambs were significantly rower than
those of the other groups. on the other hand, there were no

signÍficant differences among'treatments in serum revers of
sodium, calcium, magnesium or chloride. However, rn¡hen lambs
Ì¡üere pair fed the 0.3 and 0 -7% potassium rations no differences
in serurn phosphorus revers v/ere observed but the serum

calcium concentrations of 'bhe o.y/" r-ambs was significantly
higher than Èhose of the O.7% lambs.

potassium depretion resurted in decreased potassium
concentrations in skeletal and heart muscle and an increase
in liver potassium. An increase in skeletal muscle sod_ium

levels was observed while the heart muscle sodium concentrat.ion
decreased.

Apparent, potassium balance was signíficantly lower
for the 'tIow" potassium lambs than for the other treatment
g'roups" The balance data indicate that the potassium main_

fenance requirernent of wether lambs is ress than 2.2 g per
day' Level of potassium in the ration had an effect on

sodium retention causing an increased urinary excretion when

o"7 g potassium per day was fed and a lower net absorption
when 3"7 g potassium .per day was fed.



I'litrogen balance was less positíve for the '*lo\n/',

potassium lambs; however, level of potassium intal<e had no

effect on apparent nitrogen digestibility. simirarly,

apparent digestibilities of clry matt,er and energy were not

affected by treatment.

The marked appetite effect observed in the lambs

receiving Iow potassium rations did not appear to be mediated

via the microorganisms since microbial activity, âs measured

by an in vitro technique, was not affected by the treatment.

levels of potassium"
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ÏNTRODUCTION

Potassium is the major intra-cellular cation in

animals and as such plavs a prominant role in metabolism. It

is intimately involved in enzyme systems which function ín

carboTrydrate and prot,ein metabolism. In addition, potassium

functions Ín body electrolyte balance, osmosis and muscle

contracLion" Potassium is not sLored to any great extent, in

the body thus a certain quantity must be fed to prevent, body

depletion and subsequent cellu1ar disfunction" In fact,

Muntwyler e! al" (35) have stated that:

'uAs long as there is a flow of urine the body

apparently will continue to lose potassium unless the element

is replenished by the diet. "

Most, natural feeds contain an abundance of potassium"

However, because of the use in recent years of e>çerimental

purified raLions and also all concentrat,e rations for beef

cattle and sheep, a definition of their potassium requirement

is imperative" Consideral¡le work has been done with rats,

mice, chickens and turkeys in regard to diet.ary potassium

requirement" Tn contrast to this the potassium requirement,

of. fattening lambs has not been definitely defined and there

is a paucity of information concerning the metaþolic role of

pot,assium in ruminants. Consequently, it was the objective

of this sëudy to ascert,ain the role of potassium in ovine



nut.rition and to det,ermine Ëhe requirement of fatt,eníng lambs

for this mineral- elemenÈ"



LTTERIITIIRE REVTEW

RqJe of Potassium vüithin the Anim-a1 Body-

pof:assium and sodium are the major monovalent cations

found within the body and a discussion of one musL automatically

include the other. Potassium exisLs mainly in the cellular

fluid while sodium is a major extra-cel]u]ar cation. The

relationship between these two ions has been a focal point

of interest for many years. The conce.p'c of tissue ceIl walls

being impermeable to these cations has been disproven by

isotope t.echniques (6) " More recent theories concerning

behavior of these ions include a 'nsodium pump" mecha.nism and

intra-ceIIular binding of potassium (6, 26) . In the "sodium

pump" concept energy is required for active transport' of

sodium out of the cell and in "potassium binding'n energy is

also required for the formation of the poorly ionized salt,

potassium glucose diphosphate. Since Ëhese cations form a

major portion of the ionic equivalents within the extra- and

intra-cel1u}ar phases, they perform a very import role in

mainta-ining osmotic balance and electrical neutrality.

Similar1y, sodium and potassium are intimately involved in

the bu:-"fering system within the body"

Metabolj-cally, potassium functions in many enzyme

systems. .âmong .Lhe enzymes for which potassium has been found
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to be import,ant, arei phosohotransacetylase, aceLyl CoA slmthe-

tase, pa.ntothenate synthetase, pyruvate phospholcinase and

myosin ATP-ase (6) " The dernands of osmolarity and electro-

neutrality, caused by a depletion of poLassium, result in an

increased entry of sodium into the cells" Black (6) has

suggested that, since sodium ìs antagonistic t,o the potassium

effect. on enzyme systems, the consequences of intra-cellular

clepletion of potassium may be partially due to the increase

in cellular sodium concentration. In vitro and iil vivg studies

have shown that such depletion also results in irregularj-ties

in íntermediary metabolism, part,icularly carbohydrate and

protein slmthesis (43) "

Utilizing in vitro e>ryerj-ments Fenn (20) showed

that deposition of glycogen in the liver is accompanied by

deposition of potassium. Further, Asford and Ðixon (1)

demonstrated. that anaerobic gtycolysis was inhibited and

aerobic Alycolysis stimulated by the addition of potassium to

a medium of incubating rabbit' brain slices" SimilaílY,

Hastings quoted by welË eË aI" (43) reported a decreased

glucose upt,ake, increased glucose output and a decreased

glycogenesis when rat liver slices v/ere d-epleted of potassium"

However, studies with intact animals have produced inconsist-

ent resulLs regarding the relati-onship between carbohydrate

metabolism and potassium intake. Contrary to the liver slice
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e>rperiments of Hastings and coworkers potassium depletion has

been shown to result in increased liver glycogen levels in

rats (22). on Èhe other hand, another report, indicated

glycogen \^ras practícalIy absent in rats deprived of pot'assium

for 90 to 120 days (23) " However, âs suggested by iüe]t et al"

(43), the apoarenL contradictíon in these two report,s regarding

liver glycogen in rats may be explained by a decreased liver

glycogen in Lhe latter case medíated by starvation as poor

appetite is a-ssociated rvith potassium deprivation"

In many of the earlier studies involving pot,assium

metabolísm a decrease in growth lvas found to be assocíated

with potassium deficiency" Lat.er studies suggest, that' this

decreased growLh rate is related to protein metabolism, Cannon

et aI, (11) subjected rats to a protein depletion díet until

Ëhey lost 20 to 30% of their initial weight," After depletion

two g'roups, of 10 depleted rats each, \^lere fed a basal ration

adequate in all respects except for potassium, and an amino

acid solution. One group received potassium and the other no

potassium, i{eight gains and feed consumption were recorded,

and although feed intake was quite símiIa.r, the group receiving

no potassium supplement,ation gaíned 25% less weight than the

group receiving potassium supplementation" This data suggests

that potassium had an effect upon protein anabolism. Simílar

results lvere reported by Munt'wyrer et al ' ( gs) who compared'
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rats consuming rations both adequate and low in poLassium"

Rats consuming Lhe low potassium rat.ion e>*ríbited poor growLh

and lower nitrogen retention both before and after realimenLa-

tion wíth protein. Muntwyler et aI.- (35) suggested that, since

nitrogen intake of the potassium deficíent rats was apOroximately

equal to controls, Lhere was impaired nitrogen anabolism as a

consequence of potassium deficiency

Co¡E-ggue!qe-5. o f Potas sium De.gletion

I{: is important. at this point to malce clear what is

meant by a deficit or depletion of potassium. scribner and

Burnell cited by ivelt et al" (43) developed the concept of

potassium ,,capacity". As the potassium within the cells is

intimately related to proLein and glycogen the quantity of

these two is the major determinant of the potassium "capacity"'

consequently, a cell deficit of potassium would not become

apparent if glycogen and protein were lost along rn¡ith potassium"

Burnell and Scribner (9) claim that at any given level of

total body potassium, there is an inverse relationship between

serum pH and serum potassium concentration" Thus as tÏre

manifestation of a potassium deficit is complicated by many

factors it is not unreasonable that, âs reported by Vfelt

e_g aI. (43), the correlation between a potassíum deficit and

its leve1 in serum is poor when the deficit is estimated by

either muscle analysis or by determination of total
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exchangeable pot,assium, utilizing potassium 40. Horn/ever,

Telle et al, (41) reported a signíficant correlation between

level of potassium in the ration and seru.m potassíum concen-

trations in lambs" In addition to serum pot^assium changes in

relation to the potassium capacity, other serum composit'ional

changes during pota.ssiurn depletion include a frequent but not

invariable decrease in chloride (43'), a decreased- hematocrit

(+f¡ and an increase j-n bicarbonate (43) 
"

Associated wiLh potassium deficiency are anorexia

and reduced ra.te of growLh ( 3, 30, 34, 41) " However, paired

feeding experiments have shown that the slower rate of grov'rth

cannot lce compleLely accounted for by the concomitant

reduction in feed intake (1I, 31) " As mentioned earlier the

relat,ionship oi potassium to intermediary metabolism may be

the factor causing this effect"

other deficiency syrnptoms in rats include rougheníng

and thinning of the fur, a striking alertness and a peculiar

pica (36) " Meyer et aI. (33) observed similar symptoms v¡hen

rats \^/ere fed low levels of both sodium and potassium"

However, vr'hen these ions were f ed ín ratios (ma/K) of. 2, 20

and 200 to I the rats exhibíted list] essness and diarrhea.

Í\lthough Orent-Keiles and l¡rcCollum ( 36) were able t'o maintain

ra.t,s on a low level of raLion po{:assiu-m (0.01% K) for 327

days, Meyer et al. (33) oJ¡served death within 14 days in rat's
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fed a high ration level of sodium (l"o% Na-) and a low ration

lever of potassiu.m (0"005% K) " similarry, tSell and Eirfle

(3) found- that mice, fed a semi-purified diet with no supple-

mentary potassiu.m, became emaciated and died after five - six

days on test" Brink (B) observed decreased- weight gains,

emaciation, loss of wool, muscular sti-ffness and. lack of

appetite in sheep consuming a- ration containing 0"1% potassium.

Similar results rvere repor'Led by Telle et aI. (41), a_nd in

a.ddition, two deaths occurred. among the lambs receì-ving the

lowest potassii-im ration (0"1% K).

In potassium deficiency 'there is movement or" sodium

ínto the cerl to compensate for the decreð-se in potassium.

However, the re'gla-cement is not comprete and re¡:orLs show that

appro><ima"te1y 2/3 of the potassium lost is replaced by

sodium (43) " rlydrogen ions ha-ve been implicated a.s the other

cat,ion to make up this deficit (L4, 35) , and a-Iso certain

basic amino acids ha-ve been suggested (ro¡ " The end result

of these electrolyte shj-f'bs is extra-cellular al]<atosís and.

imiraired rena-I function"

A concomitant increa.se in sod.ium and decrease in

potassium have been observed in slceletal a.nd heart muscle with

very little change in lcidney tissue during potassium clepletion

(33, 35, 43) " However, data- concerninq liver electrolrzte

changes during potassium depleì:ion are not so consist,ent.
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$Íost rvorlçers have reported the ri-ver potassium cont,ent to be

quite stajcle with no change d-espite signíficant totar body

pot,assium deficits (4:¡ " In contrast to this, Meyer et, aI.
(33) observed a significant increase in river potassium cofi-
centration of rats maintained on a potassium deficient diet..

Muntwyler eË a-1" (35) reported that an important,

feature of potassium depletion j-s its continuous renal loss.
A balance study conducted on a hearthy 35 year-ord man, by
Blahd and Bassett (z), substantiates this suggest,ion. These

workers observed a negative potassium balance folrowing the
initiation of a potassium de,rrret.ion trial, and as the trial
progressed the urinary excretion of- potassium fell to a rela*
tively constant minimal 1evel. This reduction ín urinary
poËassium output was, however, not adequate to prevent loss of
potassium from the body and a negative cumulative potassir-rm

]¡arance resutted. rn contra-st t.o this observation orent-
Keiles and Mccollum (3a) maÍntained rats o'.r. a potassium

deficient diet (o-01% K) for 322 days with the animals being
in equilihrium as far as potassium was concerned at, the end

of the tri_aI,

I{untwyler eÈ ar- (rs¡ report,ed an effect of row

potassium intake on the nitrogien barance of rats. A less
positive balance was observed in all groups receiving low
potassium" Tn addition, the levels of sodium and chloride in



IO

the ration seemed to influence nitroq'en utilization" The work

of Devlin and Roberts (16) corrolooraLes this sodium effect, âs

they reported an íncreased urinary nitrogen excretion by

lambs fed a low sod.ium ration. As mentioned earlier Cannon

et al. (ff1 also reported an adverse effect oi low potassium

intalçe on cellular nitrosen utilization"

on reviewing the líterature concerned with the

pathology of potassiu-m depletíon ÏVelt et aI. (43) reported

that, the majority of kidney lesions are of tubular origin and

of truo typess (1) an intra-cellular a.ccumulation of large

granules, and (2) swelling and hyperplasia- of the tubular

epithelium" The former lesions are found in the inner medulla

and papilla and their nature is not definitely knor,rn; although

Pearse and- MacPherson (37) suggested that they might be

altered mítochondria. The dilation of kidney tubules commonly

observed ín potassíum deficiency is thought to be caused by

the h1z¡gerplastic lesions " Telle et aI" (4L) observed areas of

interstítial nephritis and a few hyaline mineralized casLs in

the kidney collecting tubules of potassium deficient lambs"

Potassium depletion has been shown io result in

myocardial lesíons in rats (SS¡, mice (43), pigs (43), and

ca"ts (fS¡ but not in sheep (41) or dogs (fS¡ " Slceletal muscle

necrosis has also been reported as a conseguence of potassium

lack (8, 4L) "
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toIt, has been demonstrated that the ratio of sodium

potassíum is very ímportant ín potassium deficiency" Meyer

et al" (33) reported no relationship l¡etween st.ruetural

changes in kidney, thlz'mus. spJ-een and l-iver tissues of rats

and the levels of sodium and potassium ín the ration. on

Èhe other hand, the microscopic lesíons \Â/ere observed in heart

tissue and they became more severe as the sodium level of the

potassium deficient ration \¡/as increased" This finding was

laLer substantiated by Cannon et al" (12) " These v¡orkers

divided 15 prot,ein depleted rats into three groupss one group

received a ration devoid of both sodium a:rd potassiumi a-

second grou.p received. supplementary sodium; and the remaining

group received both added sodíum and potassj-um" All rats fed

the sodium-potassium deficient díet lived and heart lesions

were observed in only two of the fíve rats. În group t\uo,

three of the five rats died and severe heart Lesions were

observed in all the rats" The third group showed optimum

grovrbh with no heart lesions developing" In a later experiment

these same workers subcutaneously injected prot,ein depleted-

potassium deficient rats with 5 ml of a h1z¡pertonic sodium

chloríde solution (4,66%) " Death of all rats was oþserved

wíthin 24 hours.

Potassium RecÍuirements

Most. natural food stuffs contain sufficíent potassium
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to meet human and other a.nimal requirements " lïowever, the use

of purified diets ìn experimental worlc and the development of

a] 1 concentrate raLions for rum-inants have resulted in con-

siderable interest in the i:oLassium requ.irement of various

species of animals. Orent-Keiles and McCollum (36) reported

that a ration containing 0 "OL% potassium v/as inadequ-ate to

maintain normal grow-th of raLs" similarly, Miller (34)

produced greatly retarded growth rates in rats by reducing

the rat.ion level of potassíunr below O.L%. Later studies by

Kornberg and trnd,icott (3f) indicated- that a ration potassium

leve1 of 0.17% was adequate to uniformly prevent pa-thological

lesions and promote normal growth in rats" A. ratíon containing

O.2% pot.assium produced normal growth when fed to mice (3).

Graw et aI. (24) , cited by Be}l and Eirfle (3), indicated that

the chick reguÍres from 0"16 to O"2O% potassium dependíng on

the stage of growLh" A slightly higher requirement is dis-

played by the turkey. Sullivan (40) reported that a potassium

ra-tion level of at least O "27 5% was necessary for survival of

50% of the turkeys tested. Du Toi'c et a1-" (1S) did not notice

any deficiency symptoms when cattle rnlere fed a herbage con-

taining o"34% potassium" Brinl< (B) found that a ration

containing 0.3/. potassium was not adequat'e for the optimum

growth of lambs and that a level of Q"5% wa.s required- On
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the other hand, Te1le et al" (41) shov¡ed the potassium

requ.irement of larnbs for growth to be about O"T/" of the ratj-on.

Devlin and Roberts (16) suggested that the potassium requi::e-

men'L for maintenance of wel:her larnbs was L.2 g per day"



E)P ER TÌ{EIi'J,AI, PROCEDI]?"E

E:<peråmen_t Ia

A 56-day feeding trial was cond.ucted to stu-d.y the

potassium requirement of fatteníng wether lambs" Sixty-four

western range lam-bs averaging 7A""L lb each \,Vere a-d.justed ì:o

a semi-puri'ríed ra.tion consisting of the following ingredients

(e>çressed as per cent): dried brewers grains, 66"9¡ corn

starch, 15; solka floc, 11; animal taIlow, 5; dehydrated

alfalfa, l.0i mineral-vitamin su-pplement, 1-11. The basal

raLion contained 0.046, 0,15 and 0 "I2% potassiurn, sodium and'

chloridez, respectively. After an initial ll-day ad.justment

period the lambs were randomly alloted to four groups of 16

lambs ea.ch, and were equi-librated on a 0"5% ;ootassium ratìon

for an additional seven days" Ration potassium levels of

(e>çressed as ê. per cent of the air dry raÈion) 0-1, 0"3,

0"5 and O"7% were made by adding va-rious levels of K2CO3to

the basal ration. These ration treatments were ra.ndomly

a-ssigned to the four groups. At the initiation of the tri¿l

feed intake was restricted and ttren the quantit'y offered was

rThe mineral-vitamin supplement containecl the
following (e>cpressed in I per th): dícalcium phosphate
294"2¡ sod.íum chloríde 159.8; and vitamíns A and D to su,pply
3,000 I. U. and 500 I" U" per day, respectively-

2calculated from values
Fee4inq, 22nd ed,

listed in Feeds and
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gra.d-ually increased until aè libitum consumption was attained

by all treatment groups " The lambs vTere rveighed every two

weeks and average daily gains were recorded" Tap water (1"6

ppm pot,assium) vlas available ed libitum and wood shavings were

used for bedding" In the remainder of Lhe text the lambs

receiving the various treatment leve1s of potassium (0"1, 0.3,

0"5 a"nd 0"7%) will be referred to as groups L, 2,3 and 4,

respectively"

.At initiation of the trial, six lambs from each of

groups I and 3 were randomly chosen and- venous blood samples

\^/ere obtained by the jugular puncture technique" Blood

collection at termination of the trial included. the 12 above

mentioned lambs and, in addition, the remaining lambs in

group I and six lambs chosen randomly from each of groups 2

and 4. The blood samples were allowed to clot f,or approximately

2 hours and then v/ere centrifuged at 22OO rpm for 20 minutes.

The samples were stored. at -lBoC until analysed" trnlool samples

\^¡ere talcen from six l¿mbs chosen randomly from each of

groLlps 2, 3 and 4 and from f íve lambs that were sacrificed-

in group 1. These samples vüere obtained by clipping approxi-

mately 30 g of wool from the righL front shoulder of each lamb-

Regular observations vlere made to notice any

deficiency symptoms amongi the lambs and. when any of the lambs

were considered in moribund condition, they were sacrificed
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and an alitopsy performed. Au.topsies were also performed on

three lambs chosen at random frorn group I at the end of the

trial. Tissue samples h/ere oi¡tained from four of the group

4 sheep at sla-ughter and from a total of five lambs in group

1 that were sacrificed. Sections of the slçeleta1 and heart

muscles, adrenal gland, l<idney, and small intestine were

preserved in formalin for slide preParation and histological

observation. Approximately 5o g of gluteal and subscapular

muscle were removed from the carcass and frozen. In addiLíon'

a portion of the liver, an inta-c-b kidney and a-pproximat'e}y

10 g of heart muscle v/ere removed and stored at -I8oc. At'

slaughter and during the au.topsy intact kidneys from each

l-amb \^Iere obtained and, after removal of fat and connective

tissue, weighed and then stored at -lBoC for later analyses'

on the 15th day of the trial rumen contents \^¡ere

collect,ed from two lambs chosen randomly from each of groups

2 and 4. The samples v/ere obtained by stomach tube and a

suction pump. The pH of each sample was immediat'ely d-eter-

mined using a glass electrode type pH meter'

As soon as possible after collection (approximately

60 minut,es) cluplicate t5 g subsamples of rumen contents from

each lamb were transfered to 160 ml Vüarburg flasks and

microbiat activity was estinrated by a method similar to that
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of Hungate et, e-L=- (29) " Another portion of each rumen sample

ì,,rias strained. through four layers of cheesecloth and the

resulting f1uicl retained for analysis. Dry matter of each

rumen sample ruas also determined, On the following d-ay four

di-fferent lanr-bs \¡7ere chosen at random from the same trvo

g'rou.ps and rumen contents \¡/ere obtained and treated in the

same manner as before"

Eëperiment Ib

A sulcsequent 56-da_y paired feeding trial was con-

ducted u,tilizing nine of the lambs remaining in group 1"

Five lambs were fed the O-3% potassium ration ad líbitum, and

fou.r lambs were allowed to consume an equivalent weight, of

the O .7% pota.ssium ration. The lambs were fed once daily and

tap water v/as consumed ad libit,um. Venous blood samples were

collected after 28 d.ays on test and at Lermination of the

ÈríaI. The blood samples v/ere treated as in Ex-periment Ia"

The lambs \^Iere weighed every four weeks and daily weight gains

r¡/ere recorded. Rumen samples were collected on the 29th day

of the trial from two sheep chosen randomly from each group

and treated as in E>ryeriment Ia"

E><periment Ic

The t6 lanrlcs that had received the 0.3% potassium

ration in E>çeriment I rvere randomly alloted Èo two groups
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of eight lamlos each- The 0"1% -potassíum rat,ion r.vas fed ad

lil¡itu.m" Seven d.ays v/ere allor^¡ed for ad-justment to the lower

level of potassiu.m and then the lambs were divided into a

control group and a treaLment group. An intraruminal injection

of 1.5 g potassium as K2Co3 díssolved in 1o ml deionized

water was administered to the treatment, group every three

days for LZ days (four injection periods) " At this Lime the

quantity of potassium was increased- to 10 g per injecLion

and the injections \Àiere continued for another I days (three

injection periods). The control grou'p received an intra-

ruminal injection of 10 ml deionized- water every 3 days f>r

the duratíon of the experiment" AfLer the last injection

period both giroups rrzere fed a potassium adequate diet (,O "5%

potassium) for an additional 21 days, Average daily gains and

feed consumption were recorded.

Experiment II

Replicate balance trials v¡ere conducLed using six

western range wether lambs per tríal" They ranged in weight

from 68 to 82 1b" Each trial was divided into an adjustment

period, a pre-e>çeriment,al period and an experimenta-I period"

Ðuring the adjustment period, which lasted 12 days, the lambs

were fed twice each day with a t,otal daily inta.ke oi 57O g

basal ration (table r), 30 g mineral míx (table I) and 3"5 g
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potassj-um as K2CO3" The same feeding regime was continued

throughout the 3-day pre-e:æerimental collection period" A

30-day experimental períod followed in which the potassium

levels were changed to 0.5, 2"O and 3"5 g" The intake of

potassium including the amount inherent in the ration was

O"7, 2.2 and 3"7 g per day. Thus, during this exçerinrental

period there were two lambs per tríal receiving each potassium

1eveL" Sodium intake was constant throughout Lhe whole trial

and averaged 89"54 nrEq/day (3"9 g) " Poor appetite was exhib-

ited- by the lam}:s receiving O"7 g po'Lassium,oer day¡thus in

order to maíntain a consLanL mineral íntake the amount of

basal ration fed was reduced and the guantity of mineral fed.

held constant. However, if the lambs still refused to consume

all the feed offered a weigh back was taken and the amount of

mineral not consumed d.etermined" Throuqhout the remainder of

the text these potassium levels v¡iIl be referred to as "low",

t'medium" and "high".

Tap wa{:er (1"6 ppm pot.assiuni) was offered ad libitum

and the amount consumed was recorded. The lambs \^¡ere weíghed

aL the beginning and. end of the e><perímental period and the

changes in bod.y inieíght recorded. The daily temperaLure in

the metabolism area v/as recorded"

The lambs were kept in metabolÍsm crates which



20

TABLE I E){PERT}{ENT TI

BÄSÍ\L RATION

lngredient

Brewers gra"ins

Corn st,arch

Sotka floc (cellulose)

Animal tallow

Mineral mix*

Per cen'L

67

L2

11

5

5

*The mineral mi-x contained the followi-ng (e>çressed in g per
11r): CaHPO4., 236"OL¡ l.{gSO4, L24"L5¡ NaCl , 57 "66¡ treSO¿--, L2"24¡
ivlnsO4, LL.44¡ I'..I, 6"82; ZnSOa, 5.46; CuSO4, 0.19; IrroO3, 0-009;
CoC12, 0.005; and vitamins A and Ð to provide 2000 I"U- and 500 f"U.,
respãctively, pêr day" In add.iti-on, K2Co3 was added at levels
to supply O.7, 2"2 and 3"7 I potassiu-nr per day"

allowed separate collection of urj-ne and feces" The feces

vrere removed aird weighed d.aily and stored at -lBoC. Aliquot

samples from six consecutive daity fecal collections v/ere

combÍned, by thawing and mixing in a Hobart mixer, and retained

for analys-i.s. Urine was collected by means of a rubber urinal

which was drained by a 5/L6 inch rubber hose inLo a gl¿ss

collection jar located below the meta-bolism craLe" The

urìna1 was secured by a small harness fitted to the sheep"

In addítion, a small weight was att,ached Lo the urinal to hold
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it in place and also assure rapid drainage of urine from the

urinal. The urine was collected under to]-uene and the tota.l

quantíty excreted each day was recorded. Approximately 50 ml

of eacir daily sample were removed and immediat'ely frozen'

After six consecutive da.ily urine samples had been collected,

they inrere removed from the freezer and aliquot cornposites made-

Blood was collected on the lst, 15th and 30th days of the

e>+)erimental period. The samples lfere treated as in E>çeriment'

fa. Rumen samples q/ere collected from three of t?re lambs on

the 31st day of the e>çerimental period (one per treatment)

and from the remaining three lambs the fotlowing day" All

rumen sa;nples v\¡ere coil-ected approximately 90 minutes after

the morning feeding and were trea.ted as in Experiment Ia-

At termínation of the trial, wool samples v/ere obtained as

in B>qperiment Ia and retained for analysís'

Analvtical r'4ethods

The feed, feces, urine, wool, Lissue, rumen fluid,

and Serum samples \^/ere analysed for sodium and potassium by

flame photometry, using an internal standard method as

described by Berry et aI" (4) " However, a bracketing technique,

ínstead of a standard curve, \^/as u-sed for determination of the

concentrations of these two Íons. Lithium sulfate (¡OO ppm)

was used as the internal standard"
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Ã,pproximately 0"6 g of dried feces and feed were

digested in mícro-Kjeld-ahi- flasks for sodium and potassium

analyses. Concentrated nitric acíd and 7O% perchloric acid

v/ere used to digest, the organic matter" After digestion the

samples were filtered through -rilhatman +?40 filter paper and

made to known volumes with deionized water" Various dilutions

were necessary in order to obtain corrcentrations of sodium

and potassium that would be wíLhin an estimated pre-deter-

mined rangie" The crude wool sarnples \^lere analyzed ín a

similar manner" The tissue samples v,rere extracted with et'her

for 4 hours and the dried fat-free samples were digested by

the same procedure as used for t'he feed and feces'

For sodium and potassium analyses of urine and serum

f,he samples were diluted, according to approximate concen-

tration of the two ions, and analysed directly in t'he flame

photometer" The samples of rumen fluid were analysed in a

similar manner.

Total nibrogen was det,ermined in feed, feces and

urine samples using the Kjeldahl method described by A"O.Ä.C"

(2), Two mI of fresh urine were used for analysis" The feed

and feces samples were dried at 70oC for 60 hours and t'hen

allowed to equílíbrate at room conditions' The samples were

then ground in a r'üiley mill and approximately I g of ground

sarnple v/as used- for analysis "
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Urine ammonia and urea v¡ere det,ermined by an aeration

meÈhod (van slyke and cul}en modified) described by Hawk et-

aI. (27'), The six-day composit.e samples were analysed as soon

as possible after collection. One ml of undiluted- urine was

used for tþe ammonia determination and 5 ml of urine, diluted

to 1:20 with distilled water, v¡ere used for the urea analysis"

urinary creatínine and creatine v/ere determined

using the method of Biggs et al. (5) " The daily urine

collections were kept, frozen and the analysís carried' out at

the end of each 6-day collection period"

Dríed feed and feces samples from ttre fourth 6-day

collection period in each triat \^lere combusted in a- Parr

adiahatíc oxygen bonlc calorimeter. Apparent digestible

energy was determined for each ration using the total collec-

t,ion method (32). In add-iti-on, apparent d'ry matter

digestibility was calculaLed for the same period" Ã.pparent

digestible nitrogen values \^/ere calculated for the total

30-day experiment,al Peri-od "

serum chlorides were determined. by the method of

schales and schales (38) " ln addition, serum inorganic

phosphorus v¡as determined by the method of Fister (zL',) and

total serum calcium and magnesium according Lo the meLhod' of

I¡üalser (42) "



Statistical methods u'sed v/ere

t*t,est and Duncanss multiple range t'est

and Torrie (39) "
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analysis of variance,

a-s described bY Steel



RESIIÍ,TS AND ÐISCUSSÏON

E><periment Ia

Bffect of Potassium Intal<e on Fqe-q¿q! Perf-or¡rqqçç-'

Level of potassium in Lhe rat.ion had a marked effect on feed-

Iot performance of the larnlcs (table 2) - Average daily weight

gains were significantly (P< 0"01) lower in groups I and 2 than

in groups 3 and 4- The group 3 and 4 sheep gained an average

of zL.O and 2L"3 lb, respectively, over the 56-d.ay period

i,vhile Lhe group 2lambs gained only an average of 3"0 lb and

the group t lambs lost, on the average, L6"9 lb. As is

evident from the standard errors ,r:resented in taJrle 1, there

\.\ras consid-erabl-e va-riation among groups in response to ttre

two lower levels of poLassium' These data indicate the

potassium reguirement of feedlot, lambs to be between O-3 and

o"5% of the air dry ration. Brink (g) added various levels

of l,rcl to a semi-purified ration and found a ration potassiurn

level of O.5% to be adequate. ConLrary to t'his Telle et aI"

(41) later re1:orLed nea"rly optimum growLh by larnlcs consuming a

basal ration sonrewhat simila.r to that used in the present

study and containing O-3% potassium" Horvever, these workers

suggested 0.5% potassium as the optírrru.m level of ration

potassium.

Appetite seems to be niarkedly altered by an

inadequate j-nta.ke of potassium. Feed consumption of the group
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lambs dropped. sharply within two days after beginning t'he

trial. This appetite effect, although not as severe, vTas also

apparent in lambs consu-ming the O.3% potassium ra-tion" They

did not consume their feed as rapidly as groups 3 and 4 and

by the 6th day of the e>æeriment vüere lreginning 'bo leave a

portion of the feed offered. The average daily feed consump-

tion during the experimental period (table 2) reveals a very

drastic effect of ration potassium on feed consumption"

Daily feed consumption of the group I lambs was less than

half that of the group 2 lambs and less than one third that

of the two groups receiving the higher levels of potassium"

The wide variation in weight gains (18 lb gain to L7 lb loss

in group 2 lambs) indicates considerabte individual variation

with regard to this appetite slmdrome. Hov/ever, 'i:he fact Lhat

pot.assJ.um v/as fed a-s a percentage of the ration may account

for some of this variation. Each reductíon in feed intake

caused by the low level of potassium in the ration would tend

to aggrevate this condition, resulting in a progressively

smaller total intake of feed and consequ.ently potassium"

Average values of 0"0L7 and o.o27 mEq potassium per

ml of ru-men fluid and 0"101 and 0"106 mfiq sodiun per ml of

rumen fluid were found in the rumen samples obtained from the

group 2 and group 4 lambs, respectively, The sodium Lo potassiurt
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ratios lrerer grou.p 2, 6.03," and group 4, 3 "97. Iiu.bbert et Al "

(28) reported a- decrease ír 
=Ug vitfo cellu-lose digestion with

a high sodium to potassium ra.tio. Despite the differences in

Na:K ratios observed in this e>çeriment, there rlt/as no signifi-

cant (P>0"05) difference in mícrobial activity of rumen

contents from lambs receiving these two rations. The average

microbial activity values for groups 2 and 4 were 25.3 and

17.L mm Hg per g dry matter per two hours, respectively.

The pH of rumen contents was quiLe simílar ín both groups

ivith average values of 6"4 for group 2 and 6"45-r-"or group 4.

Tel1e et al. (41) sr"rggested that the decreased rate of

growth by sheep receiving a 0"1 or a 0"2% pot-assium ration

may have been a consequence of d.ecreased microbial action

and/or nurnber of rumen microorganisms. The resu.lts obtained

in thís experiment do noL necessarily substant.iate this

argument but indicate a more direct effect of potassium on

appetit,e and a subsequent decreased grovrth rate"

nef iciency S¡rmpt!¡ms. The lambs in group one

exhibited poor appetite, listlessness, and became emaciated"

A peculiar pica which involved biting of wool v¡as olcserved

among the group I and 2 lambs. This wool lciÈing was quite
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severe among the group 1 lambs and several of the weal<er lambs

were almost devoid of wool at termination of the t'rial. The

general deficiency sym¡:toms are similar to those reported by

Telle et. aI" (41) and Brinl< (8) in sheep. Similar symptoms

have also been reported in other species of animals (3, 30,

36) " By the 56th day of the experiment many of the group 1

lambs were verv weak and three death losses3 had occurred.

The first lamb died. on the tlth day of the e>qperiment and the

remaining trvo lambs olied a.t 44 and 53 days after initia-tion

of the trial" No deaths occurred in lambs receiving the

higher level-s of potassium.

Se:ium, tr'üooI_ and Tissue Analyses" Level of potassium

in the ration did not significantly (P>0"05) affect the serum

levels of calcium, chloride, magnesium or sodíum (table 2) "

ilowever, serum potassium and phosphorus levels v/ere signifi-

cantly (P< 0"01) decreased. Since there is a gross relation-

ship between a body defj-cit of potassiu.m and serum potassiu-m

levels, the lorver serum potassir,rm levels in groups 1 and 2

were e>çected" The reasorr for the difference in serum

phosphorus levels is more obscure, although feed int,aice may

be a factor a-s the lambs in group l were only consuming 0"8 Ib

sThe la-mbs uzere destroyed in extreminis"
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of feed per day in comparison to 2"64 and 2"7L lb per day by

groups 3 and 4r respectively. Evidence for this suggesLion in

ruminants has been reported by Greaves et aI" (25) and -uüise

et al. (44), in that, an eificient mechanism for the regulation

of serum phosphorus levels is not present in the bovine since

there is a close correlation between phosphorus intake and the

inorganic phosphorus of the blood" Although the change is not

significant (P >0"05) there appears to be a slight but consis-

tent increase in serum calcium with a decrease in potassium

intalce, The afore ment,ioned serum patterns are similar to

those reported by Telle et al" (41) except that the plasma

potassium levels report,ed by these v/orkers \^Iere slight}y

higher tharr the present values" Telle et aI. (41) suggested

thaL a blood plasma pot'assium Ievel below 12 mg % may be an

indicat,ion of inadeguate potassium intake. However, comparable

serum values ìn this e>rperiment were 13.25 and 14.90 mg % for

the group I and 2 sheep, respectively, artd these groups

exhibit,ed signs of potassium defícieney" This discrepancy may

be due to the wide variabion in serum potassium levels found

both among and- r,vj-thin breeds of sheep (13) 
"

Non-scoured wool po'tassium concentrations are presented

ìn table Z. This data- indicates a considerable loss of potassium

via the skin in sheep. The potassíum loss varies with
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potassilim intal<e, äs lambs in group 3 contained significantly

(p<O"OS) nore pota.ssiu-rn in the non-scoured rvool than those

in either grol-lps 2 or 1. Telle et al" (41) also :-"ound the

skin o:-' shee_p to be a major excretory route for potassium,

with an increased excretíon when potassium íntal<e was increased.

It is ap¡:arent frorn the worl< of Burns et a.1. (10) that the

majority of po'Lassium is adhered to the wool and not a

component of the fibers" These workers reported scoured wool

potassíum concentration of. 40 ppm in conLrast to a potassium

concentraLion in wool grease of 6,75A ppm and a potassium

concentration of 187,500 ppm in suint.

Table 3 represents sodium and poì:assium tissue

concentratíons from nornral and potassium deficient sheep"

There v¡ere no significant (P>0.05) differences in sodiunr

and potassium concentration of skeletal muscle between the

potassium def icíent and normal lambs, Iìor,vever, there was a

trend t,oward lorver potassium leve1s and higher sodium levels

in the tissues obtained from the deficíent lambs" A wide

variation in the degree of potassium deficiency among the

five larrrbs from group I was observed; thus statistically

significant skeletal muscle sodium and potassium levels were

no't apparent, although three of the five lambs had markedly

d-ecreased potassium and increased sodiu.m concentrations.

Heart muscle, oo the other hand, shorved a significant (P<"0.05)
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decrease in both sodium and poLassíum content when the

potassium depleted lambs were compared with the cont,rols "

Heart muscle is generally depleted of pot,assium during potassium

deficiency although this depletion is usually less than that

for the skeletal muscle (43). Despite the facL that the

decrease in skeretal muscre potassium concentration was not

significant, the average decrease of, 7 "65 mEq potassium p.eu 100

g fat-free dry matt,er \^/as greater than the average decrease

of 4"06 mEq potassium per 10O g fat*free dry matter observed

in the heart, tissue"

According to most reports {43) sodiurn is the major

cation replacing the cellu1ar potassium lost during potassíum

depletion" This appea"red to be the case in this e>çeriment,

as far as skeletal muscle was concerned; however, there was

a loss of sodium accompanying the potassium loss ín heart,

muscle" The sodium leve1 Ín heart muscle of the 'ootassium

defícíent lambs was 2.74 mEq per 100 g fat-free dry matter

less than in heart muscle of normal lambs, Thus it, is evident

that some other cations v¡ere making up the deficít,. possibly

basic e-mino acids and hydrogen"

Potassium leve1s in the liver are generally quit,e

stable and do not share in the potassium depletion during

pot.assium deficiency (43) " I{owever, ân increased glycogen
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content in the liver of potassium deficient rats has been

reported (35) and, as potassiurn is associated with glycogen

(26) , an increase in liver pota-ssium is possible during

potassium deplet'ion. The increase would probably be more

pronounced i f there was. a loss of organic matter from i:he

liver without a simultaneous loss of 'rcotassium" The results

of this e><periment tend to substantiate the above hlpothesi-s

as there was a significant (P<.0.05) increase in potassium

concentration per 100 g of fa-t-free dry liver in the potassium

d-el=icient lambs" Liver sodiu-m levels \4/ere essentially

unchanged a-s v/ere kidney concentra.tions of sodium and potassium"

Ilistoloclical Observations. At autopsy no gross

abnormali-þies v/ere observed among the potassium deficient

lambs. Histological study revealed a marked effect of

potassi-u.m deficiency on the kidney (figure 1) " The kidneys

from the defícient lambs contained areas of interstitial

fibrosis and cloudy swelling of tubules" Tn addition,

hlnoerplastic lesions and eosinophi lic cytoplasmic Aranules

hiere olcserved in the tubu.lar area of the kidney" These

latLer two tlzpes of lesions have been observed in other

species of animals (43) " I\rla-ny r¡itotic fígures of cells in the

collecting tubules v/ere also noticed" The histological

oloservation of the heart, adrenal gland and intestine revealed-
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no marked dífference between d.eficient and control animals.

The kidney weights o:-" the depleted lambs, v¡hen expressed as

a per cent of body weight, were significantly (p<.0.01)

greater than those of the normal animals" The depleted

kidneys averaged O.37% of body weight as compared to O.Z9%

for the contror l<idneys. An increase in kidney size in e>çeri-

mental potassium depletion is common and it has been suggested

that, âs the rat,io of desoxyribonucleic acid phosphorus to

fat-free dry solids was the same as that of pair fed controls,

the renal enlargement j-s due to true hyperplasia (43) 
"

E><periment Ib

A great deal of credence cannot be placed on the

resulLs from this e>çeriment because of the sma.ll number of

lambs used-" Hor,tever, lamlcs consuming the O.7% potassium

rati-on ga-ined significantly (p<0.05) more weight than lambs

receivíng an equivalent weight of the 0. 3% po'tassium ration

(t.ab1e 4) . Similar resulLs have been obt.ained with oLher

species of animals (31, 33, 35). The rumen fluid pH and the

microbial act.ivíty data in this e>çeriment were quit.e sÍmílar

to those in E>'periment ra. Thus the resurlts o'F this e:q:eriment

indicate tha-t the effect of a low leve1 of potassium in {:he

ration is rnore than just a reduction in feed intake" The

relationship betrveen body potassium and intermediary



TABLE 4 EXPERIMEI\III Ib

THE EFFECT OF RATTON POTASSÏUM LEVEL UPON

SERUM COMPONE}flTS TN PAIR FEÐ

3B

GROWTH A}fD VARTOUS
LA.}4BS

Treatment,

ïtem

Ration potassi-um, %

Number of lambs

Av daily gain, lb

Av daily feed, Ib

Serum poLassium, nÊq/L

Serum sodiurn, rnEq,/I

Serum chloride , n:tr,q,/L

Serum calcium, mg/100 ml

Serum magnesium, mg/100 mI

Serum phosphorus, mgrl100 m1

1*
2**

I
2

1
2

1
2

I
2

I
2

0"3

5

0"234

1" 48

4"134
3.234

151"0
145.04

113"9
115"6

10 " 694
10.454

2 "25
2.25

7"30
I "L4

0.211
0,13

2.24
3 .95

2.57
3"95

o "22
o.47

0"13
0"55

o "45
0.51

+

!
!
-?

+
+

+
+

+
+

+
tr

o.7

4

0"36b

L "52

5.088 + 0.21
4.358 + 0"17

153. 3 + L.4L
152.8Þ + 2 "22

111"6 + 0.45
113.6 + 2"L3

9"56" + 0"56
e. s3b f,. o.aa

2.39 + 0"19
2.06 + 0.07

9 "O7 + L.29
9.27 + O.75

*Samples collected 28 days after initiation of t'rial
**samples collect,ed 56 days after initiatíon of trial
A,BTre"Lment, means within an item not showíng the same superscript

letter are significantly different (P<.0"01)
a,bTreatment means within an item not showíng the same superscript

letter are significantly different, (P<0"05)
lstandard error
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metabolism may be a partial e>çlanation, since the efficiency

of protein u.tilization and. certain enzyme systems is greatly

reduced in potassium depletion (5, 11, 35) "

The effect, of ration poÈassium level on va-:rious

serum component.s when feed intake was held consLant, is shown

in table 4" Serum potassium and sodiu.m vrere significantly

(P<0"05) decreased by the lower potassium intake while serum

calcium concenLration was significantly (P <0"05) increased"

Phosphorus, magnesium and chloride levels in the serum were

símilar ín both treatments, In E4periment Ia serurn phosphorus

Ievels were decreased with a decrease in potassium intaicei

however, in E>çeríment Ib where feed consumption was similar,

this decrease was not observed" This findinq substantiates

the suggestion from E>ryeriment fa that serum phosphorus

leveIs are closely related to intake" Serum calcium levels

also followed the same pattern as in E>çeriment Ta" The

averagie of 10"57 mg % f.or the 0"3/" potassium sheep was signi-

ficantly Þ.O"OS¡ greater 'chan the average value for the

A "7% potassium sheep (9 
" 55 mg %) " The reason for this increase

in calcium is not clear; however, this divalent cation may

be increasing to compensate for the loss of serum potassium"

A signíficant (P<0"05) decrease in serum sod-íum levels was

apparent, only during the last collection period. Thus one

might suggest that, over the prolonged period of low pot,assium
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intal<e, a. portion of the exLra-cellular sodiu-m moved into the

cellular space Lo correct electrical and osmotic d-isturbances

caused by a depletion of potassium.

E><periment Ic

The a.verage daily feed consu.mption for lambs ::eceivi-ng

a ruminal inject.ion of 1"5 g potassium every three days rvas

0"BI lb compared t.o a value of 1.11 lb for the control group.

Feed consu.mption was red.uced to O"23 lb per d.ay by the treat-

ment group when the ruminal injections oL' pota.ssium \dere

increased to 10 g poLassium every three days" The control

grourÐ was consuming an average of 0"89 lb feed per day duríng

this same period. llor.vever, during a recovery period when

both grou.ps v,/ere fed a ration conta.ining 0.5% potassiun, feed

consumption rose to doub'l e the previous values with the control

group consu.ming an average of 2.L6 l}c per day and the treat-

ment group 2.05 lb per da-y" Throughout the injection periods

the treatment group lost an average of O.4B lb per da-y in

comparison to a-n average daily weight loss of 0. 33 lb for

the control grou-p. -vrieight. gains for the treatment and control

grouros du.ring the recovery period were 0"75 and O"7L Ib per

day, respectively-

The reason for the lov¿ feed consumption of the

trea'Lment group was oJcscttre but subseguent work (Roberts
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and Campbell, unr:tiblished. daf-a) has shown that the i-njeci:ion

of the concentrated I(,,¿CO"., soluti on ca"used erosion of the

runì.en epithelium" Thís erosion proba.bl-y v¡as the main factor

causing the poor appetite in the treatment lambs. Flowever,

the exact relationship be'b.ween potassium and appetite is not

clear and requ-ires further stucly"

E>;perj-ment II

Pre-experi]nental Period-. During the 3-day pre-

e>qreriment.al period the 12 lambs retained an avera.ge of 10.25

g nitrogen" Eleven of these v/ere in positive lcalance while

one la.mb shorved a. neqa-Live lcalance. Al-1 L2 lambs \^/ere in

positive pota-ssium balance with an everagie 3-d.ay retention of

49-91 mEq per larnb" In contrast to this three of the 12

lambs exhibited a negative balance for sodium during this

preliminary period" The average sodium retent,ion v/a.s 52.L3

mEq per lamb per 3 days. The lamb exhibiting a negative

iritrogen balance over this preliminary period was also in

negatì ve sodium balance. The fact that this larnb was scouring

could probably account for the negat,íve balances.

In sheep a considerable loss of potassj-um and sodium

can occur by wa.y of the sl<j-n (4L), and. in additíon, considerable

quantities of these elemenLs can enter the rumen via the

saliva or by díffusion across the rumen epithelium. Thus in

u5*,ffir*5,'\) *,\\
i L!ÌsFTÅ$ry ¡\rsttg:::So
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the following discuss j-on rnost of the emphasis wi]1 be placed

on the effect of trea-tmenL upon r-irinary and feca-l excretion

of sodium and 'rrotassium" Vühen the term balance is used in

the following discussion it has been calculated from intal<e

minus urinary and fecal excreLion of the nu.trient in question.

E><perimental period. lfeiqht Gains and Feed

Consumption. Equivalent feed consumption by all lambs was

an objective of this e>çeriment, but was not realized because

or-' -poor appetit.e exhibited by lambs receiving the "low"

potassium treatment" This effect rvas noticed 3. 5, 6 and 10

days after the initiation or" the trial in the four different

lambs" Overall intalce for the four "lo\d" potassium lambs

averaged 342"7 g per day compared to 600 g per day for the

other two treatnrent groups (t.ab1e 5) , The "low" potassium

lambs lost an average of 9.2 lb over the 30-day period v¡hile

the "medium'o and "high'' treatment lambs gained on the average

4 and 4"5 Ib, respectively" The body weight changes observed

in the "1o\¡/" treatment lambs \^/ere statist,ically dii'ferent

(P<0"O1) than in the ''medium'* and "high" treatment, lambs"

No significant differences (P>0,05) \¡¡ere apparent in water

consumption by the various treatment groups (table 5). The

daily water consumption among all lambs ranged from 0.9 I

per day to 2"7 1 per day,
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TABLE 5 EXPERTMEÀIT ÏT

lvEIGÉIr GA]NS ANÐ DAILY FEED" POTASSIUM, SOÐIUM, NITROGEN AND

VüATER IIIflfAKE OF "LO!{", "MEÐIUM'' ANÐ "HIGH" TREAT¡{ENT LAMBS

Treatment

"Medium"

Av inítia1 wt, lb

Av final wt, 1b

Av wt change, Ib

Av daily feed consumed, I

Av daily potassium consumed, mEq

Av daily sodium consumed, mEq

Av daily nitrogen consumed, mEq

Av daily i,¡a-ter consumed, 1

77 "s

68. 3

ñ^A
-4.¿

342 "7

13 "7

62 "5

11.6

L.4

74"O

78"0

4. OB

600

56.1

89"5

18"9

1.3

7 6.3

B0 .8

¡cB

600

94 "4

89"5

18"9

L"7

Ã'Brreatment means within
superscript, letter are

the same item
significantly

not showing the same
different (P< 0"01)
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Potassium. Dat.a illustrating the cumulative 6-day

pot,assium balances are shown in figure 2" All four "lo\,t"'

potassium lambs v¡ere in cumulative negative potassium balance

for the 30-day e>çerimental period, although the lambs tended

to fluctuat.e from positíve to negative balance throughout the

trial. Positive 'ootassium balance was exhibited by all lambs

in the ''medium" and "high" treatment groups" The "lovt" treat-

ment groups lost an averagie of 87"84 mEq potassium compared

with apparenL retentions of 458"42 and 505"43 mEq, respectively,

for the "medium" and "high'n Lreatment groups" During the

first 6-day collecLion period all lambs on the "Iow" treat-

menL showed. a considerable excess in pot.assium excretion

over intake" This excessive loss of potassium from the body

was markedly reduced duríng the second 6-day collection

period, and three of the Lambs \^/ere in positive potassíum

balance during this second period. Devlin and Roberts (16)

reported a similar large negative potassium balance when

lambs were abruptly changed from a ration containing 122 mEq

to one containing 30"5 m$q pot,assium per day. These data

indicate that. lambs require a short period o:-" time to

physiologically adjus'L to a low potassium intal<e" Although this

compensation did occur in 'Lhe "IovI" treatment, lambs it was not

sufficient to prevent a net loss of potassium from the body over
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the 30-da-y period"

Urinary and fecal excretion of potassium du.ring the

five 6-day periods a.re illustrated in figure 3" The average

claily excretion of potassium in the urine and feces was

lowest for the "lov/'' potassium lambs and then increased as

higher levels of potassium h/ere fed (table 6) " Urine values

for the "low", "medium" and "high" Lreatment groups were 9.26,

25.78 and 51.03 mEq potassium per d-y, respectively' The

urinary excretion of the rrlov/'È trea'Lment group, expressed as

a 'per cenL of inLake, was significantly (P<0"05) greater

than the '*medium'o and "high" groups" There \^/as no statistical

difference (P>0"05) between the "rnedium" and "'high" treatment

groups. Feces excretion for the three treatments were 7.39,

L6"69 and 26"55 mEq potassium per day" I'üþen expressed as a

per cent of intal<e fecal pot,a.ssium excretion by the "low"

treatment group r,vas significantly greater (P<0.01-) than by

either the "rnedium" or Lhe "high" treatment' groups, which

!\rere quite similar" This suggests tirat net absorption of

potassium was noL as efficient in the "1o\¡/" treatmeni: sheep.

Intestinal absorr:tion of poiassium is a consequence of physical

processes such a-s filtration, diffusion and osmosis (17) 
"

Thus it äppears that at or below a cerLain level of potassium

intal<e a constanL quantiLy of. potassium ís excreted in the

feces which results in imtcaired retention'
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TABLE 6 EXPER]MEMT TT

AVERAGE D.ATLY EXCRETION OF POTASSTUM, SODTITM AND NITROGEN TN
FECES AND IIRTNE DT.]-RING THE 3-DAY PRE-EXPERTMENTAL

AND 3O-ÐAY EXPERTMETilIAT, PERTODS

Treatment,

Item
Pre-e:cicerimental E>çerimental

"Lo'o¡t' "Medium" "Hightt

Urinary potassì-um
mEq per day 53"74 9.26 25"7e 51.03
% of. intake 68"614,4 As.ggB,b s4"oA,B,b

Fecal potassium
mEq per day 24"04 7 "39 L6"69 26"55
% ot intake

Urinary sodium

53 " B3A 26 "7 3B 2B.t2B

mEq per day 48.L4 45 "36 46.07 35 " 58
% of intake 73.26A,a sL.46B,b 3g.758,c

Fecal sodium
mEs per dav 23.97 10.51 L2.9L 24"74
% ot intake 16"90a L4.4Za 27 "60r.

Urinary NiÈrogen
g per day IO .92 B " 68 10 ,95 IO "97

Feca1 Nit,rogen
g per day 4"54 2.32 3"63 3"90

A'BTt"u.tment means within an ítem not showing the säme superscript
J-etter are signif icant.ly dif ferent (F < O " 01)

ô-'13'c'TreaLment means within an item not showing the same super-
script leLter a.re signifícantly different (P<0"05)
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The data- índicate that under conditions of this

experiment the "medium" treatment level of potassium (2 "2 g

per day) ís greater than the potassium maintenance requirement,

of wether lambs and the low treatment leve1 (0.7 I per d.y) is

inadequate. This is somewhat, in agreement with Devlin and

Roberts (16) who suggested that the maintenance requirernent of

wether lambs is approximately 1.19 g potassíum daily. In

addit,ion, Telle et al. (41) reported the potassium maintenance

level to be close to 65 mg potassium per kg body weight, which

would be 2"23 g per day for the lambs used in this e>çeriment.

Sodium. Sodium balance is ill-ustrated in figure 4'"

All trvelve lambs exhibited positive balances over the 3o-day

period, although the balance was signifícantly (P < 0.01) less

positive in the "Iow" treatment group. The "Io\¡/" pot,assium

lambs retained L99.90 mEq sodium over the 30-day period while

the "medium" and "high" potassium lambs retained 916.BB and

876.94 mEq, respectively. This difference can be att,ributed

partially to the poor appetite of the "lov¡" potassium lambs"

Despite the care taken to maintain a.n equivalent sodium

intake the "low" potassium lardcs consumed only approxímately

three-fourths as much sodium as the other treatment groups

(L876.23 mEq compared with 2699.5 rnEq sodium, respect,ively) "

An illustration of urinarv and fecal excretion of
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sodium as affected by potassium intake is presented in

figure 5" Average daily urinary sodium excretion by the "low'u,

'nmedium" and 'ohigh" treatments was 45.36, 46"0'I and 35"58

mEq, respectively (tab1e 6) " These values when e>çressed as

a per cent of inta-ke r,'/ere all significantly (P<0"05) different..

Thus it appears that the level of potassium in the ration has

an effect on the aJrilit.y of the kidney to conserve sodium"

As potassium is secreted in exchange for sodium reabsorpt'ion

in the kidney tubules, the lorv potassium íntake may a.lter

this relationship causing an increased excretion of sod.ium"

However, the lower urinary sodium excretion by the u'higih'*

treatment lambs appears to be a consequence of poor net

absorption from the gut. AveraEe daity fecal sodiu.m excretion

for the 'ulov¿*, 'omedium" and "high" treatment groups was

10"51 , L2,9L and 24.74 mEq, respectively (table 6) " The

"'high* potassium lambs excreLed significantly (P<.0.05) more

sodium ín the feces than the other two Lreatment groups.

Tt appears that the high potassium intake vras antagonistic

to the net absorption of sodíum. Ðevlin and Roberts (16)

reported, oÐ the other hand, that a- low sodiunr ration caused

a marked increase in fecal potassium excretion" Thus it

appears that, a definite relationship exists between ration

leve}s of sodiurn a"nd" pota-ssium in their effecLs on each other
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wíth regard to absorpt.ion" Ðata from this present study

indícate, that for a. daily intake of 89.5a,.r¡Ee sodium (2"L

g per d.-y) , Lhe optimum potassium intal<e to ;oromote ma><imum

sodium absorpt,ion and consequent,ly retention is 56.1 mEq per

day (2.2 g per d*y) .

Nitroqen. Ã,verage daily fecal and urinary nitrogen

excretion are presented in t,alcle 6 and the average 6-day balance

data is illustrated in figure 6" Two of the 4Iambs on "low''

pot,assium v/ere in negative nitrogen balance and the remaining

two were in positive balance. The 30-day balance values for

the 4 lambs were -4"L, -8-6, 38"5 and 44"7 g nit,rogen" The

lambs on "medium" and "high" po'tassium were all in positive

nitrogen lcalance with avera.ge 30-day retentions of L29.3

and LzO"7 g, respectively. Although the latter two treatment

groups reta.ined signifícantly (P<0.05) more nitrogen than the

"lo\n/" treatment groups, iL is difficult to ascerLain whether

this was a potassium effect or simply due to a marked

reduction in nitrogen intake, or a combination of both" Other

workers ha"ve reported potassiu.m deficiency to be associated

lvith a decreased nj-trogen utilizat,ion as indicated by less

nitrogen retention than conLrol a-nimals (11, 35).

Urinary urea, ammonia a-nd creatinine values are

presented in table 7. The method of collection allowed the
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TABLE 7 E)(PERTMEI'TT TT

TTM EFFECT OF RATTON POT.ê,SSIUM I,EVEL UPON URINARY EXCRETTON1

OF UREA, AMMONTA ANÐ CREATÏNÏNE

Treatment

Item rrLo\ú(¡ì "Medium" "High"

.Arnmoni-a

Urea

Creat,inine

42 "97

207 .22

B "46

40. BB*

27 2 "L3*.

8"30

47 .86*

264 "].8*

8"41*

IE>çressed as g per 30 days
*Average of 3 lambs
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urine to come in contact rvíth the body of the sheep if it' did

not pass directly into the collection jar immediately after

being voided, This could possibly result in considerable

microbial activity and the subsequent conversion of urine

urea to ammonia. The ammonía values obtained are higher than

literature values which could suggest that this conversion

may have been occurring. Urine ammonia concenLration has been

shown to increase during potassíum deficiency (43). However,

in this study, no significant treatment effects v/ere revealed

with regard to ammonia e><cretion. Similarly, urine creaLinine

and urea concentrations showed no Lreatment differences" The

average creaLinine excfetions for the "lov/'', "medium" and "hig'h"

treatment groups were 8"47, 8.30 and 8.41 g per 30 days,

respectively.

Rumen F1iftd Analyqis. Rumen fluid data is presented

in table B. The average pH's for the "lov¡", "medium" and "high"

treatment grou.ps were 6.31 , 6"67 and 6"72, respectively. The

average rumen pH of tbe "low" treatment group was significantly

(p<0"05) lower than values for the other two trea-tment

groups. This finding is similar to the results reported in

E>ryerimenLs Ia and fb" Telle et al" (41) measured the plI

of rations containing various levels of potassium (from 0.1

to O"62% potassium) and reported a range of pFi values from

5"5 to 8"6" Therefore, it. appears that by increasing the
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TABLE B EXPERTME}ilT II

THE EFFECT OF RATION POTASSTUM LEVEL UPON PH AAID MTCROBTAL

ACTTVTTY OF RUMEN CO\IITENITS A}TD SODTUM AND POTASSTUM

CONCENTRATTON TN RUMEN FLUID

ïtem

Treatment

ttLo\,./t' "Medium'ì 'tHigh"

pH 6.3r4

Microbial activityl 38"1

.o64A.

"o42

6.67r)

66 "7

.1118

"025

6.7 2b

66 "5

" 1o9B

.026

Sodium, mEqr/m1

Potassium, mEqr/m1

ltE>çressed as change ín mm Hg per g dry matter per 2 ht
A,BTreatment means within an item not showing the same super-

script letter are signifícantly different (P< 0"0I)
a,bTreatment means within an ítem not showing the same super-

script letter are significantly different (P<0.05)



5B

ration levels of IK2CA3 Lhe pif o:-' feed as weli as the rumen

contenLs will be increased.

ti{icrobial activity of rumen samples obtained from.

the "medium" and, "hig'h" treatment lambs v¡ere quite similar

with average values of 66 "7 and 66 " 5 mm Hg per I dry mat'ter

per 2 hours, respectively" The average value for the "1o\,rl"

treatment group was 38.1 mm Hg" This latter value was not

significantly lower (P>0"05) due to a wide variation within

the treatment group. The rumen samples vTere collected appro:<i-

mately 90 minutes after feeding in order t'o obta-j-n a

comparable estimate of microbial activity. I{owever, due to

poor appetite of the "low" Lreatment lambs less feed was

consumed prior to obtaining rumen samples, whích in turn may

have been partially responsible for the lower estimat,e of

microbial actívity in these lambs. Conversely, this decrease

in runren microbial activity of the "low" treatment group may

have been partíally responsible for the poor appetite of

these larnlcs" Judging from the result,s of Experiments Ia and Ib,

\^zhere appetite was found not to be mediated via the microbial'

population, th.e lov,¡er activity values of the "lo\n/" treatment

Ianibs in this e>çtf,eriment \'lere probably due to the marked.

decrease in feed consumption"
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The rumen sodium and potassium concentrations are

of ì nterest in that the " lov/" trea"tment group showed a non-

signif ícant (P > 0 " 05) increase in potassiu.m concentratj-on

when compared with the "med-ium" and. "Ïrigh" treaLment groups.

Tn contrast Lo this the sodium concentration of the "lov/"

Lreatment rumen fluid was signifícantly (P<0"01) lorver than

the other two groups " The average rumen potassiu.m concent.ra-

tions for -the "trov/", "medium" a.nd "high" treatment groups

were O"O42, O.O25 and 0"026 mEc-t per ml of rumei.I fluid,

respectively" Similar values for soclíum were "lovl" O -064,

''medium" 0.111-, and. "high" 0"109 mEg per ml rumen fluid" A

net inl=lu>< or just simply poorer a.bsorption from the rumen

rtzas evident i-n the "low" treatment group, because the rumen

fluid potassium concentrat.ion v/as greâter than ei-'cher the

"mediu.m" or the "high', treatment groups" The high ratio of

mineral to basal ration fed in the "Iow" Lrea.tment group may

be a- partial explanation for this higher rumen potassium

concentration. IIoln/ever, if this was i-he case, rumen sodj-um

concentration should. also have been greaLer, which was no't

observed.. Telle et al. (41) observed lower pota"ssium concen-

Lra.tions in rumen fi-uid of sheep receiving a. 0"32%-po"cassiu.m

ration than in sheep recej-ving 0"50 and O"62% potassium

ratíons" Hovtever, these sheep were not consuming rations as
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low in potassium a-s the lambs in this expe::imen'b" Sirnilarly'

the r:esults of flxperimenLs Ia and Th did not. reveal increased-

rurilen potassium coricentrations when a- relatively lovr quantity

o'F pot.a.ssium was ín the feed, Jrut rather Lhe converse of this"

.A.gain Lhese a-nirnals \^/ere not depleted of potassium to the

same clegree as Lhe lambs in E>ryre::iment If -

Rqtion Díqestibilitv" No statistícal (P> 0"05)

d-ifferences v/ere observed- among treatment groups with regard'

to apparent energy and dry matter digestiloílit,y" Dry rnaLter

a.nd energy d-igestibilities are present'ed in table 9. AveraEe

energy digestion coef fi-c-i-en-bs for the "lov/", "medir*rm" al'Id "higÏt"

Lreatment grouns were 7O.74, 69"29 and 71,16, respectively"

The corresponding values for dry matter d-igestibilíty v/ere

"'1o\;,/" 67.72., "medium" 66"73 and "high" 67.96" The averagie

dry nratter cligestibility was approximately 3 digestion units

less Lhan the corresponding energy digestibility. This may

be a.ccounted for by Èhe high content of fat in the ration"

Apparent nitrogen digestibíli-ty values a.re presen{:ed in table

g Ð-nd no significant d.íffererrce arnong treatments was observed"

The averag'e digestion coefficients for nitrogen v/ere 79"81,

g0"78 and 79"35 for the "}ow", "medium" and "Ïrigh" grroups,

respectively. These data- indicate that ration potassium

level has little effect upon ra"Èion digestibility"
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TABLE 9 EXPERÏ},IENT TÏ

THE ET'FECT Otr RATTOI.T POÍASSIUI{ LEVEL UPON APPARENT ENERGY,
DRY MATTER AIiÐ NTTROGEN ÐTGESTTBILTTY, VARIOUS SERUM

coMPoNENTS, AND NON-SCOURED V{OOL POTASSIUI4
AND SODTUM CONCETilTRATIONS

Item

Treatment

ttLow'' "Medium'" 'nHigh'*

Energy dígestibiltXy, %

Ðry matter digestibility, %

Nitrogen digestiblLLLy, %

Serum poLassíum, rc,Eq/I

Serum sodíum, wTor/L

Serum chloride, inEq/l

Non-scoured wool potassium, mg/g

Non-scoured wool sodium, mg/g

â'þTrea.tment means within an item not showing the same super-
scri.pt letter are significantly different, (P<0.05)

q,sgr)

70"74

67 "72

79 "Bl

3.544

L4L "4

113"5

64.2

1" 53

69.29

66"73

BO"78

L4B "4

111"3

45 "9

L "45

7L.L6

67 "96

79 "35

4.7 31)

L4e "4

111. 3

56.2

1" 61
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Serurn and l,ùoo1 Analvseq " The serum. potassium con-

centraf:ion of the "lovy'" treatment lambs was signifìcantly

(P<0"05) Iower than the other two treatments" However, rlo

significant (P>0"05) differences were found in the serum

sodium and chloride concentrat.ions (table 9). Considerable

variation within treatments was observed with regard to the

potassium concentration of the non-scoured lvool samples. The

potassiu.m concentrat,Íons \,{ere 64.2, 45"9 and 56"2 mg per g

of non-scoured v/oo], for the ''Iow" , "mediLlm" and "high treat-

ment lambs, respectively, Less sodium was found in the non-

scoured lvool wiLh averagie concentraLions of "1o\n7" 1"53,

"medium" L.45, and o'high" i-.61 mg per 9" These data- indicat'e

thaL a considerable quantity of potassium and a lesser amount

of sodium are excreted by way of the skin in sheep - This

additional loss must be considered when determining the true

balance of these minerals"

Raw data and a líst of mean squares illustrating the

statistical analyses are presented in the appendix-
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A 56-day feedíng trial, followed by a paired

r-'eeding Lria1 and an appetite trial, v¿as conducted ut,ilizing

64 western range weLher lambs" In addition, replicate 30-

day balance tríals were carried out with 12 lanrbs. The

levels of potassium fed were 0.1, 0.3, 0"5 and 0 "7% of Lhe

ration in the feeding t,rials and ''Iow" O"7, "medium" 2.2,

and "high't 3"7 g per day in the balance trials.

Data collected indícate the following:

(1) The level of potassium in the ration requíred

to prod.uce optimum feed.lot performance by the lambs was

between 0.3 and O-5% of the air dry raLion"

(2) Potassium had a rnarked effect on appeLite as

average daily feed consumption for the 0"1, 0"3, 0"5 and 0"7%

potassium lambs was 0.84, L"92, 2"64 and 2"7L Ib per d"y,

respectively. The appetite response lvas evident. in the O "L%

lambs within two days of the j-nitiation of the trial"

(3) Potassium had a.n effect on growth as the paír

fed O.7% potassium lambs gained significarrtly (P<0"05)

more weight than the 0"3% potassium lambs.

(4) Serum concenLrat.ions of potassium, phosphorus

and calcium were síEnificantly (P<0"05) affected by level

of potassium in the ration. However, no signíficant (P>0.05)

dífferences in seru.m concen'trations of sodium, magnesium or
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chloride v/ere a'ppa.rent.

(5) Il considerable loss of potassium occurred by

way of the sl<in, ãs indicated by non-scoured wool potassium

analysis, and this loss appeared to increa.se aS the level of

potassium in the ration \¡/as increased"

(6) Pot,assium deficient lambs revealed a decrease

in potassium conceni:ration of heart and skeletal muscle-

The cellular loss of potassium in the sl<eletal mu-scle was

partially compensated for by an increase in sodium concentra-

t.ion. On the oLher hand, sodium concentration of the hearL

wä.s significa.ntly (P<0.05) decreased in the depleted animals"

Liver potassium levels revealed a. significant (P<0,05)

increase when deficient lambs vTere compared with con{:ro1s"

Potassium depletion hacl liLtle effect on liver sodium con-

centration or 3<idney sodìum and potassium concentrations.

(7) An autopsy of potassium deficien't lambs

revealed- no gross abnormalities. In addition, histological

observations indicated little effect of potassium deplet'ion

on the heart, adrenal gla-nds or intestine" However, the

kidney was marked-ly affected by potassium depletion. FIyper-

plastic lesions and eosinophilic cyLoplasmic aranuJes \Âlere

olcservecl in the tubu.lar area of the kidney" trnterstitial

fibrosis and cloudy swelling of the tubules were also noticed
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in the slides prepared from the sections ohtained from the

kidneys of the O.L% potassium lambs"

(g) An apparent nega-tive balance occurred in the

"1o\,r/" potassium lambs resulting in a net loss of potassium

over the 30-day period" Positive potassium balances a.nd

slight increases in body weight. vlere apparent in the "nÌedium"

and "high" treatment tambs indicating the maintenance require-

ment to be slightly less than 2.2 g potassium per day"

(9) The "lorn/'., "medium" and "high" potassium lambs

revealecl a.n aÞparent posit.ive sodium ba-lance; however, the

"medium'' and 'ohigh" potassiu.m lamlos reLaj-ned significant.ly

more sodium over the 30-day period than the "low" potassium

lambs. The "1o\rr" potassium la.mbs excreted significantly

(p <0.01) more sodiuin (expressed as a /" o.l íntake) in Lhe urine

than the "medíum" potassium lambs which in turn excreted

significantly (P<0"05) more than the "high" potassium lambs.

Feca} excretion of sodium was significantly (P <0.01) greater

for the "high" potassium lanbs than for the "mediun"t" or "lov'/"

potassium lambs. Thus it. appears that the "low" potassium

intake decreased the ability of the lambs to conserve sodium

and, in addition, a poorer net absorption of sodium resulted

when 'bhe "high'n 1evel of potassium was fed"

(f0) Nitrogen ba.lance was less positive for the
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"low" potassir-rm lambs than for the ''medium" and "'high

potassium lambs. Urinary excretion of a-mmonia, urea arrd

creatinine v¡a-s similar in the "1or¡/", "medium" and "hig'h"

treatnrent groups.

(11) The microbial actívity of rumen contents,

as measured by an in vitro technique, indicated that the

efpetite effect caused by the low leve1 of potassium in the

rat.ion was not mediated via the microorganisms "

(f2) Level of potassium in the rat,ion had no

sígnifica-nt (P>0"O5) effect on either apparent dry matter,

energy or nítrogen digestibility"

(13) Daily water consumption of the "low", "medium"

and "high" potassium lambs wa-s not affected by pot'assium

intake.
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TABLE 10 EXPERIME}flT

MEANI SQUARES FOR !{ETGHT GATNS AND

72

ïa

SERUM COMPONETflTS

Item

Source of variation

Degrees of freedom

Ifeight, gains

Potassíum

Sodium

Calcium

Magnesium

Phosphorus

Chloride

Treatment

3

(¡'tean squares)

4,673"9**

4.O4**

62 "O

1.77

0"43

16.9**

30"8

Error

28

64.31

o "22

23.92

0"87

0"17

L"7

24"6

*(P< 0"05)
**(p<0"01)
rErro" degrees
Zfirror degrees

of freedom 57

of freedom 25
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TABLE 11 EXPERTMENT Ib

¡,IEAN SQUARES FOR WETGHT GATNS A}TD SERUM COMPONENTS

Item

Source of variat,ion

Ðegirees of freedom

Vüeíght, gains

Potassium

Calcium

Magnesium

Phosphorus

Sodium

Chloríde

TreaËments

1

L23"4*

4 "7 4**

4 "67*

0"10

9"3

81"6*

20 "B

Periods

1

(uean squares)

3 " 06**

0"20

0"003

1"3

33"0

L5 "7

Error

15

20,2L

0"14

o"76

o "47

2.4

16"8

33,4

* (P < 0.01)
** (P < 0.05)
lError degrees of freedom 7
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TÃ,BLE L2 EXPERT¡4E}flT TI

MEA}T SQUÃRES FOR T}TE VARIOUS MEASUREMENTS MADE IN EXPERTMEIIT fÏ

Item
Source of

variat,ion Treatments Blocks Interaction Error
Ðegrees of

freedom2L26
(Mean squares)

Potassium
balance 435 ,A49.2** L3 "7 4 27 ,047 "5* 3 ,9L2.77

Sodium
balance 65]-,868.4** L6,652"O 8,735.0 9,6L4.O

Nitrogen
balance 15,460. 3* 22L "9 267 "B 7 49 '5

Urinary
pot,assium 525.7* 7e "3 LgL "7 54 '6

Urinary
sodium 1,156 .7*È 245 "B* 35 " 6 25 '2

Fecal
potassium 936"5* 9"8 180.1 93'1

FecaI
sodium 196 " 1* L26 "9 43 "L 24 "O

hlat,er
consumption 119 " 3 922"3 78.3 2lB'4

urínary urea
and ammonia L2.l 1" B 2 "L 10 ' 6

Energy
digest.ibitÍty 3. B 65 -9* 0.1 LO '2

Dry matt.er
digestíbilitY L"7 67 -'7x 1"8 6"7

Nitrogen
digestíbifíty 2"I 8"6* 2"O o'B

Av weight
change 243"3*k 1"0 L6"7 8"1

Serum
potassium L"7* 0.9 0"3 O"2

Serum
sodium 67 "3 2 -6 55 .7 18 ' 6

Serum
chloride 6.5 O -4 24 "5* 4 "5

*(P<0"0s)
*c* (p < 0.01)
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TABLE 13 EXPER]ME¡üTS Tâ, Tb A}IÐ ÏT

MICROBIAL ACTÍVITY ANÐ pH OF RU¡4EN CONTENITS AND POTASSÏUM

AIIÐ SOÐIUM CONCETflTRATTONS OF RUMEN FLUTD

E>çeriment
Sheep No

27
108
L49
154

22
L46

74
49

Experiment
40
20

lst
34

Experiment
94

138
35
7B
3B
10
50

A

31
r44

39

ïa
Treatment

"y/" K
.T/" K
.î/" R

"3% R
.7% r<

.7% r<

"7% R
"7% K

Tb

"3/" R
.3% ï<

.7% r<

"7% t<

TT

"Lowtt
t'Lo\¡r t'

ttLov/t'

"Medium"
'*Medium"
'tMedium"
'*Medium"
"High"
"Higfh"
"High"
"High"

Mícrobial
activitYl

19"9
11" I
31.0
40.t
10.7
13"4
18.0
26.3

32.7
56. 3
2L "8
25 "O

52 "7
38.0
23 "5
63.2
63.4
57 .5
a2.9
64.2

P3¿"J
59 "2
90"3

Potassium2

" 016
.oL4
"o20
" 018

"o27
"o22
.o28
.032

.o26
"o23
.o26
" 030

,039
.o25
" 063
.o28
.o27
"o22
" 023

" 021

" 031
"o25
"o25

sodium2

.L22
"093
.104
.086
" 115
.101
" 083

"L26

.098
" 115
.101
" 116

"o59
.o62
.o7 a

"IO2
" 115

"LOz
"L27
.o94
.L26
" 109

" 109

pH

6 "64
6"s8
6 "L6
6 "22
6"72
6 "63
6.2s
6,20

6"85
6.7 6
6.97
6"83

5 "96
6"39
6 "56
6.43
6.7 4
6.68
6.83
6.64
6.7 3

6"70
6 "82

lExpr.sred as mm Hg per I dry matter per 2 hr
2nrçt"==ed as mEq per ml rumen flu-id
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Tå,BLE ]-4 E}@ERIMEÀNT TT

FEED CONSUMPTSON, POT.ASSIUM IMTAKE, FECAT POTASSIUM, URÏNARY
POTASSTUM, SODTUM TTTTAKE, FECAL SOÐTUM, URTNÃRY SODTUM,

NTTROGEN TNTAKE, FECAL NTTROGENO URTNARY
NTTROGEN .ANÐ T/üATER IIflTAKE OF STMEP

ON THE ''LOI{" POTASSIUM RATTON

Sheep No o1 L2

Períod
22 32 42 s2

94
138

35
46

1800
1800
1800
1800

Feed

257 0
3346
3420
3420

(g)
L4L7
2524
1334
L920

T8B2
1880

449
1885

1163
302L

550
1015

consumption
1609
2065
3123
2530

94
138

35
46

282.4
282 "4
284.L
284 "L

Potassium íntake (tneq)
77 "4 79 "5 69 "6

100.1 92"7 91" 5
108"0 98"9 7L"3
108 " 0 IO4 "4 82 "2

97 "6
99"3
26 "3

101.3

77 "6
97 .A
30"3
33 "7

94
138

35
46

88"2
76.A
37.0
31" 9

25 "4
48 "L
10"s
20 "4

15.6
43 "6
L6.2
16"1

FecaI
131"7
109"6

6L "4
43,7

potassium
43 "5
53"1
72"9
42 "6

(tnnq)

28"3
42 "9
25 "4
36 "4

AA

138
35
Ar6

LB2 "4
133"0
222 "4
L67 "6

Urinary
63 "2
75 "3
96"8
73"2

potassium
31" 9
29.L
44 "7
4L"2

(mnq)

28"1
34,9
36.5
34 "5

6L.7
35.5
57 "4

103"5

60 "6
90"0
38"O
7 4.9

94
138

35
46

269 "9
269 "9
267 .3
267 .3

Sodium
399.9
501"5
534 "6
534 "6

intake
371"1
4L2"2
482"5
500"4

(mEq)

206.6
44CI,B
273"6
411"1

427 "5
472"4
LL4.6
469 "7

274"6
439 "6
91.1

146 "s

94
138

35
46

150"2
].06 "7
62"8
49 "9

Fecal
182"9
175.0
110"3

57 "5

sodium
66.t

L22 "7
87 "4
6L"7

(rnnq)

40.2
61. 3
9"7

24 "5

32"3
78"B
48 "6
L3 "4

tl.B
51" I
9.4

L7 "5
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TABLE L4 (continued)

Urínary sodium (mnq)

94
138

35
46

L4L "9
87"3

171"8
227.L

187.3
332 "L
336"5
343 "6

352 "4
257 "5
159"1
395 "9

160"6
237 "O
LL5 "7
258"9

277,4 2L6"3
27]. "9 283 " 3

324 "O 26L "3
308 " 6 363.8

94
138

35
46

56 "7
56 "7
s6.7
56 "7

86.7
110"9
113.4
113. 4

54 "3
68 "7

LO4"2
e6 "6

(g)
49.O
83"0
46.O
64 "9

62 "3
62"4
le"I
62"5

39.5
99 "9
24 "2
37 "4

Nitrogen intake

94
138

35
46

t4 "L
L2.7
12 "5
L2.7

Fecal
2L.5
20 "9
22 "L
2L ,4

nitrogen
9.1

13, s
20 "6
19 "v

(g)
9"6

13"3
LL.7
L4 "2

10"6
L2"3
6"0

L2 "2

8,5
15"6
5"4
o'7

94
138

35
46

43.8
3s.1
34. 0
27 "5

Urinary
67 .3
69 "7
6L"7
52.4

nit,rogen
42.A
66.6
66 "L
54 "7

(g)
45.2
64 "3
53 "2
52 "O

42.L
54,1
32 "I
46 "5

39 "2
57 .O
36"8
36 "9

94
138

35

6"5
7"8
4,O

LZ "'O
10"9
7.8
7"7

8"5
15. o
9"0
8.8

B"B
12"0
I"3
6.2

5"9
r3.6

3"2
5.046 6"0

IrÏat,er intake (1)

7.8
18"0
5.0
6"9

...

1-3-day pre-eq)erímental period
zø^day e>rperímental period
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TABLE 15 EXPERIME}fiT TT

FEEÐ CONSUMPTTON, POTASSTUM TTflTAKEI FECAL POTASSTUM' URTNÃRY
PoTASSTUM, SOÐIUM IN"IAKE, FECAI, SODIUM, URINARY SOÐïUM,

NTTROGEN TTCTAKE, FECAL NÏTROGEN, URTNARY
NTTROGEN AIüD WATER T}flTAKE OF STTEEP

ON TTIE "MEDTTIMI' POTASSTUM RATTON

Sheec No L2o1

Period
22 32 42 52

7B
3B
10
50

1800
1800
lB00
1800

Feed
3600
3600
3600
3600

(g)

3600
3600
3600
3600

3600
3600
3600
3600

3600
3600
3600
3600

consumption
3600
3600
3600
3600

7e
3B
10
50

282"4
282.4
284 "T
284 "L

Pota-ssium intake (rnEq)

334"6 334"6 334"6
334.6 334.6 334.6
338.1 338.1 338"1
338"1 338"1 338.1

334. 6
334 "6
338.l-
338"1

334 "6
334.6
338"1
338.1

7B
38
10
50

55.8
34.4
BL"2
4L.2

Fecal
49 "L
53.0

L7 6.7
85. 3

pot.assium
94 "3
97 .9

155,5
93 "9

(rnEq)

94 "4
56"8

L54 "9
78.5

70.0
54 "4

LzL.9
53" 3

76 "L
49 "8

L34 "7
49 "9

7B
38
10
50

188"1
181.4
152"0
200 "2

Urinary
205.0
180"0
LL6 .2
t94,L

potassium
t+s "6
L37 "7

7 5.4
173.0

(tnnq)

L26 "2
183"2
L29 "4
200 "7

145.3
T7T"7
140"0
164.3

123.7
t59 "2
L2B "7
L96 "2

7B
3B
10
50

269 "9
269.9
267,3
267 "3

Sodium
539"9
539.9
534,6
534"6

intake
s39.9
539"9
534"6
534.6

(meq)

539 "9
539.9
534 "6
534.6

539"9
539 "9
534"6
534.6

539,9
539 "9
534 "6
534 "6

7B
3B
10
50

82 "2
43,4
46.3
23.7

Fecal
59 "7
93" 5

LL6.6
52-O

sodium
92.5

104"1
130"0

44,8

(rnnq)

81" 6
67 "2
88"B
53"7

61" 5
73"5
92"1
60.0

55 "9
7 4.L

LL2"7
34 "6
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7B
3B
I0
50

LzL.4
151"3
262 "O
157 .2

TABLE L5 (continued)

Urinary sodium (mnq)

296.9 265 "9 233 "4
274"3 225.9 3L7 "9
234"5 259"4 204"3
350" 3 28L"6 24A"9

289 "4
2BO. B

298 "4
326 "4

255 "2
267 "O
250.2
368 "2

78
3B
10
50

56.7
56.7
56.7
s6.7

Nitrogen intake (g)
113"4 113.4 113"4
LL3"4 113"4 11s"4
113"4 113.4 113"4
113"4 tL3,4 113"4

113"4
I13.4
113"4
113"4

LL3"4
LL3 "4
113"4
113"4

7B
3B
10
50

L2.6
10"3
I0"5
11. 2

Fecal
23"9
20 "7
2L.9
20.7

nitrogen
2L "5
23"2
2L.L
22.8

(s)
22 "4
22 "l
2L"9
23 "7

20 "4
22"3
20 "2
23.6

20.9
20 "3
2L "O
21"8

78
3B
10
50

L7.6
39 "7
33"1
32 "L

Urinary
57 "O
72.L
61" I
6l "6

nitrogen
65 "7
70"L
60 "4
66 "7

(g)
63" 0
7t"6
7 2.s
7 L.6

64"3
7 2"4
66 "e
64 "B

52 "7
66.4
64 "3
69"3

78
?n

10
50

6.2
4"O
5.O
3"O

Vfat,er

10"7
6.0
8.0
5"3

LL.4
6"0

10.9
6,0

9"8
8"0
7.9
5.3

e"7
6"0
7.2
5"0

consumption
L3 "4
7.5
9"0
6"5

13-dry pre-e>Ðerimental period
2ø-day e>çerimental period



TABT,E L6 EXPERTME\IT ÏT

FEEÐ CONSUMPTTON' POTASSÍUM INTÃKE, FECAL POTASSIUVT, URJNARY
POTASSïUMd SODïUM TNIAKE, FECAL SODIUM, URINARY SODIUM¿

NITROGEN TTüTA]G, FEC.åT NTTROGEN, URTNARY
NTTROGEN AXID }üATER TÀMAKE OF SHEEP

ON THE ''HIGH" POTASSTUM RATTON

S?reer¡ No L2ol
Period

22 32 42 52

4
31

L44
39

1800
1800
1800
1800

Feed

3600
3600
3600
3600

(g)

3600
3600
3600
3600

3600
3600
3600
3600

3600
3600
3600
3600

consumption

3600
3600
3600
3600

Aa

31
t44

39

282 "4
282 "4
284 "L
284 -L

564.8
564 "B
568"3
568"3

564.8
564. B
568"3
568"3

Pot,assium intake (mnq)

564 "B 564 "e 564,B
564 "A 564 " B 564.8
568"3 568"3 568,3
568.3 s68"3 568"3

,/l
=

31
L44

39

159"0
69 "I
80"1

111.5

Fecal
208.6
L27 .5
159"0
171"8

potassium
L97 "4
L29 "2
187"5
L42 "L

(rnrq)
200 "5
145 "6
L94 "7
152"3

2T9.L
116"1
155"1
106"8

208 "2
IO2.2
138"s
L23.6

+
31

t44
39

86 "2
151.7
L44"2
111"5

Urinary
329 "t
336.4
260 "4
171"8

pot,assium
239.7
354 "6
309 "2
L42 "L

(rnnq)

257 "O
313. 3

327 "O
152.3

278 "2
364"0
270 "B
106"8

292 "4
388"1
345,1
L23.6

/1

31
L44

39

269 "9
269 "9
267 "3
267.3

Sodium
539,9
539"9
534 "6
534 "6

intake
539.9
539.9
534"6
534.6

(mEq)

539 .9
539.9
534.6
534 "6

539"9
539"9
534" 6
534 "6

539.9
539"9
534"6
534 "6

4
31

L44
39

95"1
5e "7
50" 3
93" 6

FecaI
323"2
189"3

BB"2
L24 "B

sodium
L94 "B
L47 "2
111"9
L42.4

(mnq)

L47 "3
155"1
L22.3
125"0

2L4 "4
153"1
117"1

91" 5

L42"7
159"0

97 "5
L2L "6



+
31

t44
39

52 "B
56. 3

L84"9
119.0

135"2
245 "3
29t"4
344 "5

B1

19 3.8
L79 "7
265 "4
233 "6

TABLE 16 (continued)

Urinary sodíum (meq)

1e9"2 T52.s 166"5
194"8 205"8 202.4
L93"7 238,2 187 " 3
250 "7 237 "2 t52 "L

A

31
L44

39

56.7
56.7
s6 "7
56 "7

113"4
113.4
113"4
113.4

113.4
113"4
113"4
113.4

Nit,rogen intake (g)
113.4 tL3"4 113"4
113.4 LI3"4 113"4
113"4 113"4 113"4
113"4 113"4 113"4

A-
31

L44
39

15.1
11" 6
2L"6
16"3

23.0
19.1
25 "4
23 "4

23 "3
2L,5
22 "7
24 "5

Fecal
25.2
2L.7
23.9
25.7

nitrogen
2L.6
2L.3
25,4
25 "7

(g)
18. B

23"6
24"O
2e,6

4
31

r44
39

4L "O
3L "7
25 "6
sl" 9

Urinary
7L"B
66 "s
55 "2
56 "3

nitrogen
73"L
64 "5
63.9
60"0

(g)

74"7
67 "7
70"3
63,6

76 "5
64 "B
58"5
59 "4

7L "9
69 "5
67 "4
6L.2

/l?

31
]-44

39

8.0
4.O
5"6
2"7

Wat,er

14"0
7.6
9"6
7"O

(1)
18.6

7"O
9"9
7.O

L7 "3
9.1
8"0
7.9

L2"4
6"9
8"5
8"0

consumption
L9.0
7"5
9"0
7,3

lS-Ouy pre-elperimental period
26-duy e>rperimental period


