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'All flesh is grass'. This biblical soying has 

been found true even for milk pr~ot1ono For, it is now 

alreed that the feening or grasses alone can not only 

maintain a d,.;1ry animal in good health but nlso sustain 

milk produotion to tbe extent of 2-3 kg. per day. Feeding 

or concentrates to dairy animals, partioularly to the low 

yielders, being generally uneconomio, efforts from time 

to time have been made to replaoa them by grasses, espeoially 

ot the leguminous variety. Such green teeds, however, 

may oontain as muoh as 4 per cent of potassium in the dry 

ration against a oomputed requirement of 005 per cent for 

rum1n unts, either adult or rapidly growing (Ward, 1966). 

Soma of them may also contain much higher amounts of 

potassium as oompared to sodium giving a wide potass1mn, 

sodium ratiOG In practice, although this high level ot 

pota.ssium is apparently wall tolerated bY' such stook, 

there is some evidenoe that this may nevertheless have 

injurious effeot on nutrient mot abo11slU and illduee 

hypomtlgneaaernia (Oul'bery ~ J!l.:, 1937; Talapatra. ~ £,., 

19421 1948, Ward, 1966). Indeed, Bunge (1973), on the 

basis ruther or meagre data, postulated that an exoess ot 
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potassium impoverished the organism of sodium and ohlorine 

raising their requirements in the prooess. That a high 

ratio of. potasSium to sodium (10 or 1111) reduoed the 

assimilation or nitrogen, caloi'um. and phosphorus in young 

growing pigs has been reported by ,l1chards ~~. (1927). 

Orr (1929) has ooncluded that the etfect of a high 

potassium: sodium ratio was most likely to be manifested 

when the supply of other nutrients were low and these 

observnt1ons of Riohards .Q1 .~G and Orr huve found 

corroboration in the study by Zuntz (cited by Russel ~d 

'Dunoan, 1956) who noted malnutrition and pioa in animals fed 

a ration high in potaasium3sodium ratio and low in oaloium 

and phosphorus. T.he Dutoh Bchool led by Brouwor (oited by 

Russel and Dunoan, I~000 ~o) also suggest that as grazing 

animals like cattle and sheep normally consume potassium 

in amounts much larger than their requirements, 111 

health otten leading to h~)Omagne9aem1a grass tetany muy 

result from a da:f'ioienoy or surplus of the total allta11 

(potash"" soda) and alkali earth metals (oalcium and 

mL1gnes1um) or an 1rabalmtoe or alkali radioals intJI,:t:. .a! 

(Rus sa 1 and Dunc an, .!gg. JlU t6 ) i'lI Sod!. urn and pot as sium, 

on the other hand, are known to serve the nGeda ot 

great mnny rumen orgf.tll1sma during growth (Hungate, 1966), 

while potassium at certain level, aecord1ng to many 
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workers, improves cellulose digestion and plays an active 

role in plants in the synthesis of protein trom non

protein nitrogenous sources. 

There, thus, soams to be muoh grounds tor 

thinking that high potassium ingestion or a wide 

potass1umJsodium ratio affeats nutrient matabo11Bm~ Further 

study, Is, therotore, indicated on the level of potassium, 

sodium ratio !.U-Jj....x1!. certain nutrient metDbolism.. Work 

on ruminants, especially, to study the role of potassium 

:t.n metabolism does not seem to htivQ boon (lone in any 

systematio manner so ffl1!e This is what ha.s been ntto_nlpted 

in this thesis. 

The thesis is divided into tour mlnpters, 

including tJne in ,·rh1ch relav·!:!llt 11 terature on the subj eat 

has been adequntely reviewed. A summncy aocompanies each 

ohapter fol.lowed by bibliography nnd a general SUlllM.gry 

and oonclusions at the andCII 
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Sodium ~d potuasium belong to the group of maoro

minerals and are generally considered together along with 

cblo1:1no beaause of their oertain common metabol1c 

functions t though they eaoh hu.ve their ow independent

roles to play in plant and flnimal kingdoms. 

In plf.lnts t sodium striotly Is not an assonti al 

nutrient, but it nevertheless affects their water relations 

and. helps them to withstand drought conditions and 

p,a:ct1ally oonsorve or repluoe potassium. partioularly in 

sodium loving plGrits suoh. as sugar-bast, mar'lgold, barley 

etc e (Wallace, 1951). Potassium on the other hu.nd is 

considered with nOl~al oel1 division, synthesis of 

oarbohydrutes and proteins, roduotion ot n1tr~ltes und 

devolopmont of ahlorophyl ate f) in them (Robbins .!Ui.~., 

1961)~ 

In an111lf41s, the major I)Ortion of' sodium is 

p:t'esGnt in extra-cellulal' fluid and that of potassium 

inside the oells. Their basia funotions inolude 

D\{;\intenance ot (a) osmotic pressure,' (b) aoid-base 



equilibrium, (o) passage of nutrients to and from the 

cells and (d) watot- metl~bol1slt1. in l~enaral (Maynard and 

Looal!, 1952). Doth of them are ooncerned with muscular 

oontraotion,have anti-coagulunt properties and are present 

in brain, bon~, musclos, teeth, blood, milk, saliva etce 

(Osor, 1965). ils to their independent roles, sodium is 

concerned with oatalytic effect on enzyme ~otivitYt normal 

o,ppet'Lte, weight increase, stort\~~0 of fat un<"l 1~,~~ synthesis 

along with protein, while pota!),,'~ium inside the oells uld,9 

in the enzynul'tio transier of pho:Jphute froul .HlP to PYl."uv1c 

aoid '&nd has a role in Q nWl1ber or othe~ basio en~ymutlc 

r06ctions (Oser, lna. ~.)Q 

T.h.ore arJouars to be no specific dj.sel~se regult:i.ng 

from sCHlillm def:toionoy. However, its laclt otln e~XU~~(;) 

retartled gro~'J'th, len'lored utl1i.zution of protein and energy 

and fu:!.luJ~~l (;f l-eprodll(!t1r,n& In poultey, its def1alen'lY 

causos 1;,\ drop in Height and egg ilJ.'oduct:l.on ~~I.S ~lso the 

oCOU.rrellOO of cetnn1bL411sm (f·l~(fn':ird lind. Leosl!, aq. ~.). 
OO''1S not (tett1nl~ stilt show un :li)l1o:""m<"i1. ~ppetita for it and, 

much l .. ater, lustu:r.a1.ess eyes al1cl l'l('.)ugh body-~()ut let,ding to 

(An unt.hrifty appee:r.<i~nce D.n<1 a deo11.11ft in body' weiti:llt ~d 

milk yield (Tyler, 1060).. rteJ..rretticl1 ~nd L;enkeit (1985) 
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obeerYed that cows doprived or 90d1lW appeared to oonserve 

it by 0. d:rop in milk y1eld6 On the other hand, poult.ry 

are supposed to h;,ve a low toleranoe for salt, although 

much mora ot 1 t can b(~ tolera.ted in a mash with plenty 

of fresh water to drink than when salt 1s given in drinking 

water (Tyler, l2Sl- sJ,1_.). 

Potassium det1oianoy hus been reported to have 

bean exp~ri~ontally produoed in several speo1es (Maynard 

and Loos1i, l&2Q ~.). Besides non~apocific symptoms. 

oaou'rrence of heart lesionn_, tu.hulo:c degeneration af kid~~oy" 

and other p,j.thologlcul· chenf:~(h3 f.ijl(l Il lowlu-'lng in the 

potassium oontent of heart and other organs have been 

Obs91·ved. In man, its deficienoy causes laok ot appatlte. 

mu.soular weakness and paralysis, as also shallow rapid 

breathing, he(lrt ohaxiges, abdolllinal di~lt9nsion and mental 

changes, like lethargy, apathy, delirium Gtc. (t\fright t 1966). 

On 'the othal- hund, J.ul'ge oral doses or lH)tasB1um administered 

rapidly h~ve beGn observeu to be fatal to cows. Ward (1966) 

stated that hy!)otnugnesuemia i~rass tetany was -the only 

pathologioal situui;lo11 relatQd to hit~h potusH1:wn intakes 

in ruminants, and th1s relutit.lnship was not olear. He also 

reported thut potauJ!-)illM might be partially rasppnslble for 

death of oalves sutfering from diarrhoea. 



l'he I1texo~tura uv~.d.lublo indioates that the water 

demands for urinl,l,ry exoretion ot sodium ~d potasHium may be 

a .fac1;ol.' in the water turnover rate, but this b{;lS not been 

1nvestlgated~ However, the water intake and urinary volume 

are direotly reloted to sodium and potaSSium intake. 

Thus, Wa.rth (1923; 1926) obSttt"Ved that increased 

ul'lne.t1~n s~el1 under lla.ddy straw feGclj .. n{~ waa partly d116 to 

higher pot,assi'l1.t11 in~ aka. Il'EH:h·l111g of p&~ldy straw with ti.9.l'ier 

grass both of whioh are rich in potan~:1.ll'fJl hE1A boon rff~'H)l'ted 

to lead to erulunoed uJ,"in(:~;tion (oi ted by Negi, 1965). .Ray 

et &1. (1947) and Pandlttasekare (1952) observed that 

diuresis wae reducnd on wuter washed padd1 straw reeding 

whioh cont~1ned las9 potassium. 

On the other- h and, ingestion of alkali treated 

paddy strAw whioh oontained a very high atdount of sodium 

increased the water 1ntl~ke and urinary volume (neg!, 

lJlQ.~.)~ Wilson (1966) observed 1jhat the ingestion of 

exoess sodium increased t.he W~4ter requ~.rerilents Md induced 

diuresis in sheep • 

. Baboock and C6X';Lyle (1906) determined sodium 



requirement to be 16 g. 1'01" e. cow producing gO lb .. ot milk. 

However, for the growth of heitors, a ration providing only 

1.5 Ca sodium WaD considered to be enough (The1J.er !1 .it-, 

1927). DtlTo1t J1.el. (1934) arrived at the StllllG require

ment tor erowth but sug~ested 11 ,_ for a oow giving 20 lb. 

of milk, Which wero lutor rut at 0.02% sodium in the ration 

tor growth and 0_16% or more, QCQordlng to milk yield, fo~ 

milk produotlon (DuToit JUl jl._ 1940). Drouwer (1961), 

however, observed that cow oan subsi.st on very :,1t1(411 amount . 

of ~or.llUtn, 9a~"t l~lSS than O.l~ in the dry matt~r of the feed. 

Muynard and LOQs11 (JQg. ~.) ?oouumended sodium rQqui~ement 

during growth o.t· ra.ts, chicks, 1)1[:;6 cUnd cc.uves as rLinglng 

trom Oel to O~2% of the rution. 

COlnpa~at1velY, potassium requirements seem to be 

higher. DuTo1t £~~. (1934) were the .first to report thnt 

n r(i\tion providing 0.32% potasniu;rn in its dry mat-tel' was 

adequate to mai:ntoin 2 gallorls of milk l1rod.uctlon over Il 

period of t,.,o laotations III ~r.elle ~ l!1. (1964) found that 

0.34% potuesiu.m in tho :rf~tion war; the rn1ninnun for gr()wing 

finishing lambn ~d that the optimum intake was 0.56%. 

Roberts Ul1,cl at", Omar (1965) .found tht'2t 8. 'potassium level of 

0,,5 to 0,,6% of. tho ration d),ly mu.ttt.l:r was adequil'tl!() for rapid 

wEl1ght gtJins in tt\tten1nc steers. May.tlllld und tcosli (l2£. 
JUJi,.) report th.:\t t,he requirement 01' pot,ass1um vi;!:).·loB between 



0.2 snf 0.3% or the dry raatter for rats. !)igs Md ohickens, 

'tITh11e lt/ard (12£. ~.) reports the sa,me to be not mOl"e thtXl 

0.5" of the ration for ruminants mld othel· horbivores, 

including rapidly ;.~l·o\dng sheep or cattle_ 

The taot that plant produots contain vetey hlgh. 

amounts of potassium as oompared to sodium raised the 

questlon of the signifioanoe of sodium-potassium ratio., 

in the diet. In 1873, Bunge (oited bY' Brouws1D, l2£. ~.), 
on the basis ot meagre da.ta. pos'b'al':ited that an exoess of 

potassium lmpovfllr1shad the org£\ln1sm of sodium and. ohlorine. 

This theory explains the uppnren:tly larger l"'e;tuirarnents ft)i 

common salt of the harb:1"ol.~oS tha.n of o'thSl" apoo1en, as 

being due to the groater ingaation ot potQsolum relative to 

sodium in leafy feed matarial:s 4) r-1 i iyrV1l"d ~U1d Lo0311 (12£. 
s!i.) also reported that controlled experiments with rats 

and po\\l try 1nd1\Hltad, that there ware oertain intf;?fr" 

relntionsh1p between sodium Md potaf.nl1.um in m0tabo11}Jm. For 

exc~ple, at 1nad~quatR levels of either, the defioienoy 

symptoms W(lra aggravnted by a large Ql(Oosn or the other. 

Theiler !i!1. (1927) observed thut growth of 

haitors from one year to adult voight on rations low in 

sodium ~d ohlorine but with a KgO'N&gO r~t10 of 12.1 or 



on ones low in sodium and h1~h in ohlorino but with a 

KaOIN~O rutio of 20s1 or 30:1, or even on ones low tn 

potasH1um, was not affected when tbe rutiollS themJ~lv'®:i 

p.ro~11ded 1.5 g. sodium and 5 g. chlorine dally, but calving 

abnormlitlit1es wore there~ nus:.u)l and DWlcan (1956) 

oaloula.i;od ~hOmtiB n.!!. (1952) tu data and found that the 

ratios of potaasi"Umtsod1um for normUl pasture grasses and 

tor legumes 1&1 between 15t1 and 30,1 respootively. 

Glenden111R n!l. (1952) found t.he ratio to be uo vida as 

54 21 ,for prairie 8rass and hay in KHf!sa~. In expe:rlmenbs 

on young gl"owing pl&s, 1llahUt'ds ~ J:1. (1927) found tha.t 

when thQ ratio 0.f potas9iUCl to sodium 'Was 10 or 11 to 1, 

a8:~im11a-tion of n1 tl·ogen~ calo1'ulll and phosphorus WOst r~duoed. 

Orr (1929) oonD"' .. dal'ed that the ei'feo't of a high po'ta:~H~',,:url\t 

s{>dium ltuttO W')S i)10st 111cely 1',0 be tnc1Jli£estod whon the 

sup~~ly of othel- constituents wag low. These obs~rvn.tions 

or R1ohal~(lB ~~. (}~9. • .!l!t.) (~nd Orr (l9.£. ~.) find 

corrobor'lit1on in the ~tlldy at Zuntz (oited by' nuas~l 

Qnd Dunccrl9 1956) who found. lUt!-~l1'1utll.i tion ond piau wbon the 

ration cJontained not only a high pottlO~t1'U.tl-SC'Jd11.1lil ratio 

but wan til.so 10\1 in oE~loium und pbQsphorus. 

Grasses &re by tax- the best tead for oattle. ~l'he 



feeding of greens uloDe c~\n not only nHd.nta1n a dairy animal 

in good hoalth out also sllstain m1.J_k pl..'o<1not1on. to the extent 

of 2-3 kg. per day. Feeding or. oonoentrates to dairy animals, 

particularly the low yielders, being generally uneaonomil 

efforts from time to time have bean made to replaoe them by 

gramaGe, $speoi&lly of the lesuminous variety. Such r,rean 

teeds» however, In ay contain as much Q$ 4% potaso1u.m in tllo 

dry ra.tion against a oomputed requirement of 0.5% for 

ruminants and other herblvol'es inoluding rapld.ly growing 

sheep or cattle (Ward. lOA. Jl1io).. This is u very high 

level of' !)otuasium f.~v:,1ng end althou"h apparently vell 

toleratod by ruminants, it may ne)vertheles3 have injurious 

effeots on nutrient metabolism ~nCl induce nypcmngn.esaem1a. 

'rhe 1n3ur1011s effect of pl~l<ly stra\¥ teed1nr. on mineral 

metabolism is already well estu'uliehed (Olflrbery ~~ .!J.t t 
1937, Tal(~l'atra et~ all!), 194~1 1MB) ~ In 9~ite of consider

able 'Work on the sub3eot, the part 1\1hioh potas:d.l1t1 plf.tya 

in this impaired mineral matab()11 .. S1~l h~n ~1'('lt to 'h~) el'l~:1dat~d It 

Anothf;):£l impo.rtL4nt fodder orop is bers.eem 

(1E1£R~ "+l~t~lna.ta.uYm) whioh dUl~1ng the winter months 

often i'o;rms the sole teed tor dairy oattle in oertQin parts 

of tho OOlU1.try end oontains almost double the liaount ot 

potao9iul1l pltBaerLt in paddy straw, whioh 10 the prinoipal 

roughage in rice growing areas. Whether Buob a t.e~1nl 



regimen adversely affects the mineral metabolism and 

health of the animals is not yot Hno,m. On the other 

hand, th4t pot(:ls~J1um. pl~ys an essontiul role in plants in 

the synthesis or proteins from non-prot01n nitrogenoous 

sourCes 1s wall ]tnown. Potassium also seems to effect 

oellulose digestion (Hubbert sl ~., 1959, Knox ~J1.t 

1965J Le1toh and Thomson, 1944it'l&1-d, lrul. ,~.)o 

Further work is naedod on tho rolation of the 

potaSl)ium lwul in the gastro .. intestinul trnot to tho 

abSOl1lt10tt of aalciU!4 and nHi.gnestum, as dietsl.'y 

pot aa~11'Wlt is stated to t~lt0 pl~rt in 't;llG etiology or graso 

tetary (·ward, .!<it<;. ~&.) ~ Hark on I'llm1na.nts, speoi.fically 

to study the role of potaiL~ium on .all the~e SS[)Qats rloe~ 

not se~ 'ha ha,ve been attempt;ed so .f21,r, "nhiuh nr(H~l'ft~d \\8 

to undlTlrtuke the present 1nv9atlgh~tiont 

i!i:«iu, t;he lJutch Sohool. hold that 111 health 1n 

f.~ra:.~1ng unin\uls may Uti :tae from Olf may be promoted by Q 

defioiency 01' surplus of tha totEl.l alkuli (sodium lUld 

potussium) ond alkuli 6~th metals (caloium and magnea1um) 

or an lm'bo.lunce of ~lk&11 rudioala 1nl~.x.1IU.u (Russel end 

DWloaln, m. S1\.) G .lIS Brazing mimt.tls like oattle and 

sheap t10rmully eonawne potassium. in high amolmts as oompared 

to th~lr reqU1relllents, it is logioUl to asnutna thllt lll.n 



imbalance of alkali radicals can oxist under grazinl 

conditions. ;-)0, onG of the ()bj'~ct;1ves of tll,\l pr~2ent 

invea t:laation. 'if&S to ~J tudy' the effeot of val'ying l"'atlos 

of' PO'i;ASniiU1'11 :ttJot11tUll, by aupplamunting potutl;3iU'fd 'bo the 

bas£(!. ~i'~.1~,1ol1, on the motaboli~rl of min(J~al!J in adult sheop, 

keeping the leVt~18f pc.u-.ticulurly of oaloium and phosphorus, 

as tar as pra~ti(Jable at 'their requiremant. Potussiutl 

suppJ .. alilent 'W'I;i$ of'felted in tha f011ll of PO~(;!!.tssium ohlor1da'. 

SUGOll~~ly, it :i.s Imown that sodium &nd potassiUM 

serve the needs crr great many l'umen organisms durinR 

growt·h (Ht.tng~tOt lilBf'» lmd they ulang wi,th biour."bonate 

provide the r.tGOfHH!I.:41.·y ()pt~.m.llm oondition for baoter1aJt 

fermentation and rlig(J£t~:t,()~'~6 Thua t the effeot of' vCi~y1nrt 

the r~tio of pot(.iS$:tlW, :sorl:l:wn on the d!(1,6st;1b111 1;1es of 

proximate pr1,nci,ploa and tllotabol1stn ot nitrogen tiT&S also 

made thf) f~ubject of. studYa 

Thll;Jfl1y, '\b 'tin,'), Ii t tl~ trOl'l! hus h6~Hl dOtl~ on 

the \'lfJ.t6l~ i?Gquil~t3munt ,xnd \r~\t(n!4 ttlI'll eVOl" r:~'he ~s.~, affel,.,t~ld 

by h:J.gh potmfH'l:t.nm tl:1.E.~tE' (r,Uu.'d t ~. S'~fI,)? tho w~ter 

mGtubol.i:~m ;1jt\1die~ "I$re nIno tU~\dOltt~).,k.an ;;\t th~ Sjoflme ti'!Jl~. 
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The relevant litera.ture ava11rlble on the subject 

has been adequately reviewed and the objoot of the s!~udy 

delineated. 

The available information on the essential roles 

of sodium and potassium, ·tha1r requirements in the body, 

their deficienoy l1l1d tono!·t:y and the importance of the 

ratio between sodium ~md potassium in animal nutrition 

has been tully disoussed and the lacunae in our knowledge 

on the subjeot stated~ 

From tho 11teratuT.'G it appears 'th!,tt very little 

work has been dona on tih() nubjeot und, pat't:J.cnlRrly, in 

India no 1->fork of this typo has been llnc10rtraten so tar. 
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J'i brief' ucoount ot the exparirnental teohniques 

and the methods of unulysis adopteci dur1n~~ the course ot 

two experiments oonduoted in the present invest:Lgat1on 1s 

given below1 

11 suooessful evaluatiQn of tho results in allY 

oxperiment depends upon tho sensitivity ~ld aoouraoy ot 

the eXJ.)eriment 81 teohniques employoel. Keening this fact 

in view, best efforts have been mude in every aspect ot 

this 1nveat~.gt1.t1ontll 

rrhe natura of tho 1nvQst1gation undertalt.en demf.lndod 

thc.it.t tho 't:1ork shoul,l be c, lrried out on rWllinnnts. The 

exporiment wuo, however, designed to be conduoted in sheep 

e.o per the availubil:lty ot t).nimals und economy ift feeding 

and 11Hmagement praotices_ 

'r",o1vlS he:;~lthy adult sheep (male) ot' loo~il breed, 

aged bo t\lte en 2 and at "'Ie aI'S and "'leighing from 20 to 30 kg., 
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were seleoted for the experiments. 'ithe animals wera l(ept 

under observation for a fortnight and during this period 

daily reotal temperature, pulse und rospiration rates were 

noted whioh were found normal. Their faecal samples were 

4,,,180 examined tor intestinal parasites. As some of' the 

samples showed positive tests tor strongyles (nematodes) t 

all the animals were de1'11ormed by closes or Phenothiazine 

(15 g. euoh), which is a spoo1f10 Gmtihelminth10 drug 

drug against (~ number of OOnlP10n nematode parns1tes oaoul'r1ng 

in these en1muls.. Only whell the fueoul examination revealed 

negative resul ts t the animals were pnt to pre-expel"imental 

teadingfIJ These precautions \1'ora tak~n to ensure 1.1 h(H~lthy 

stock to start wltho 

The animnls "Tora dl vidod at It i,:n<1om into three 

groups of four un1mals o.tt ar t~!)rm1ng 4 bloelts of 3 ttnimt~ls 

euoh. Ona of tho groups served as control and the other 

two for differ~nt treatmentSt 1.e., different lovala of' 

pot(lsnilltfl feeding. The treiJtr.lonts also wore rundomized. 

lllor tho purpoGo of:' the seoond ax!)o:rimont that was oonducte{l, 

the nnimals were regrouped OXEl(~tly ()11 the pattern as 

outlined betore. The In.1tinl live weights of the a.nimCils 

rocorded in tho beginnin.g of the two (rxpariments ::and 

detail ot thaj.r grouping have boen r~ivan in Table I. 
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(b) a!!t~U1tiqn"t!!nS SU2.IDJ2ll~~k~QD otJ!!1s nl ... dl oj;. 

in~t'!1!tVltJ. 

The n;~tura ot the present 1nvestigi:J;lon demanded 

that t;he basal ration tod should be nO low in potassium 

as 1)Osa1bla. Sheep ~GneraUy llref't)r soft leafy !'odder9" 

It was, therefore, deoided that the animals should be 

maintained partly on a green .feed Hhich is w(:l11able through

out the yOBl" t~nd (~t thE) st.lme time highly pl'llatabloe 

Cultivated fodders 111t:e green jowtllr, nl81ze, eto_ were. 

eliminated, because most 01: them booor,lEl so stoltlmy utter 3 or 

4 months that sheep can neithe!) oon~)\llne tl10m sufficiently 

nor utilise them properly. f)al(tlr (ncJlf1 -i1,nt2g:tSl~1J:) 

leri\vss, 11 tree-lent fodder, which are available green 

practioally "throughout the major part of the year were 

used as a part of tho basal rat:f.on, espeoia.lly booanse or 
their oomparatively low potash content nud high 1)ul~tab11it,. 

tor sheop, 

~('o onsure a balanoect nuulltenunoa ration it was 

oona1<1ered advisable to ffloet up at least 5\Y;~ 01' the 

protoin rC(lu1rcment ot the individual animals in the .form of 

a ooncentrate mixture oomposed ot' a parts of crushed 

maize, 1 patrc of maize starch and 1 part or deoort1cated 

gl'oundnut oake, Wheat .Rh~9.s:~ was ted S l~Rt~B!i to all 
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the animals to tltHlt thair 'dry mutteI' t and 'totul ... 
I. 

tl1geatible-nutrients t requ1romants. As, however, ,,,hent 

lt~lRg.~~ aontb\ined relatively high tmlounts ot potassium, 

it was sQ,nked in wHtor tor 24 hours, WtM3hed thoroughly 

ancl then "lx-led j_n tho snu, This WElshing tre(iitment was 

done to removo, 1.\13 f1lr as :posaiblo, the soluble salts or 
potassium (viz. potassium oxalates, atc.) present. The 

rat:J.on was so devised as to mt1ite the sodiumlpottUlsium ratio 

in the experimenttll :fa,tiona progressively ""lele between the 

groups. TlleiIt ratios in the thl:"eo grol'tps were ~pprO:ld.mutelY' 

1 :3, 1 :10 (md 1 t19 respectively. 

In the seoond experiment t the conoentrate mixture 

and .R;!lsv~t leaves wore l~aplaoed by i~l"ean barseem (Irltq~J,um 

1!l~I~DfJ:r.!!l\\m), which formed the only souroe of protein 

meeting the roqul);'oment of this nutrient or. fJ~aah animal. 

tfuerit lab...q,.q9 .. ~ was ted as suoh (i.e., unwashed) in order to 

huve n d,1fi:fJrent set, o'f: ratios of socli.um :potJJss1utrl ingest .. 

ion in lH)t~.,ean th') groups of animals, the m.t~jor p art of 

potaaSi1.Ull in \lfhioh corning from tht) feacls. 'rIle ratios are 

upPl"oximntaly 1 :4, 1 s8 (.I11d 1111 respectively. The average 

Oh.emioal. OOfilposit1on of ingredients of tho basal ration 

throughout the feeding pel"loc1 of eaoh experiment is sot 

out in Table II. 
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In order to uVoid, aa far as praoticable. the 

variation in the ohec\:1 .. oal CQi'lposl tion of tha bas.l ro.tions, 

the oonoentrate mixture was prep urad :I.n Qlnounts to lust tor 

tho whole experimental period, and so WlH[j wheat -l~lloqi~ 

stored o .All the ingl'edienta that made up the ra.tion wore 

chenloally analysed before starting euch or the experiments, 

and the basal rutiOll was computed on this basis. Graded 

doses at potassium in the form of ot potalniurn chloride 

were fed as supplement to raise the potassium intake 'U.pto 

the desired le~els. Feen1ng was dono according to the 

schedule given in the N .R.C4 rej30rt I "lutrient requirements 

of sheep' - Revised s 1957, at just above the llu9.in tenanoe 

lavale 

(c) li2U!LYlK l~tJtl"Jn,l·~~M:~mM~N.Jlt~~1&W 
( 1. ) 1i9.l!~.1.ni: 

The unim~ls were housed under hygienio ~ondit1ons 

an(!- noe as:J 0.1.\y preo Qut:1.ona talten \lu't'1n~ "linter to prevont 

the "mlmuls trom exposure to 001,1, T.hroughout the 

preliminnry foeding period 9 the animals wore let loose 

evel~Y tnorning for exeroise in the opan air, with muzzles 

on, so that the anima.ls were Wl.nble to take £lny teed 

outside. While feeding in the shed, the animals were t1ed 

properly front both sides in order to prevent them fl'.100m 
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getting aOoess to the feeding troughs of their ne1ghboursQ 

Itl the first experiment the animals were ted 

thrice a day, while in tho seoond twice a day~ ~rhis was 

due to tho nnture or the two rations fed. Potas~1um 1$ 

known to have a diurotio ef'tGct and. as oxoessive 

aOQ"lrnula.t1on of potassiulU in the body ma.,. oause to:K1elty, 

~ JJJ1. wat(~ring of animals at loast thrice a day was 

considered eS';H';)ntlal in these expi)I~iments, under high 

levels or potassium feading. 

The ooncentl't~tc!) quota of tho ration tor each animal 

wus weighed and offerE)('l daily at 9.30 A.M. individually 

in galvan1~ed lron troughs (~s:.·;igncd to Otich .animal 

separately. ~Jllen ~~be ooncentrate mixture offored was 

completely eaten away, olean wholesomQ drinking watel'l was 

otfere<l liberully in 111(H1SUttO<l (l'Udll.tit1es to Gl\Qh of. the 

anirnuls in order to study their water metabol1sm. fl'he 

ullimuls were then let OU"I; tor exercise, with muzzl{)s on, 

luu\(:n' the cure of r~l). attendent. P akax- loaves wore offered 
ad I Hz" ; .. :10 *;L; 

in the afternoon folloWGcl by wheat .Rt!.29»"I~' which only was 

SUPl)lied A4l1!a. :,wery time water was offered the all10tmt 



- eo .. 

drunk was recorded. The quantities of wheat bhoOSQ 
h ••• • 'b In ,."" .. 

allotted to each nnim(ll wns so ad~lusted, during the first 

few dp..ys of the prel1minury feading periods of both the 

tr1 als, th.:tt there tins little residue left over in eaoh 

Hora" the ba.sal ration compr1~H:)d of green beraeem 

HOl'secn in rioh in potassium 

and wheat b}loosa also constitutes Cl good. souroe ot thls 

mineral III l.'he central 1do{;l of' choosing this feoding regimen 

1s (a) to lim! t potasHium ingestion" LIS tar as pos~~lble, 

troli' nnturaJ. feeds Hlone n.nd ,~-\lso (b) to study the effect 

on metabolism of rcltioa or sodl1ml Jpotuss1um other thun 

the ones used in the first experiment. 'tJeighed quantities 

o.r green berseem allotted to e~:~ch animal ware of.fared at 
., 

9.30 .r',.H$ dnl1y in the :tndivldu(~l m·mgers as,signed to each 

animal. It WH9 usual tor the animnls to consume the whole 

of the bGrUeeel offered in an hOUll or so. ThGY were then 

watore(.l ~:.'nd let out tor exeroise as usual. 1llhollt lll\qo~.! 

w£~a of.fared in the ~lftal·noon {md its qUf~tity oonsumed 

recorded. 



1he animals were initially weighed on three 

oonsecutiva days to eliminate vn.rlt~b11ity. Thereafter, 

weekly weighments were o:Jr:ried out and the Hdequaoy ot 

nutrients checked out. The we1~hings were usually done 

aurly in the morning before any teed or wnte~ vas offered. 

The unimuls ware !also weighed both at the start and at the 

end of colleotion parton in enoh trial. 

PatHs 5 i urn ahlorid e (KC1), B. P. qt'iJl i ty of S. M~ erck 

mi:~kQ, whioh cont&ined 62.3% of potassium on r~w basis tormed 

the m:1nar~l supplantento It tlua added to the concentrate and 

Jl.&S,£ laav6s quota of the basal ration or the first experiment 

and in baraeem in the seoond at two graded levels so that 

the total potassium ingestion in the tirst experiment Qf!fl1e 

a.pproximately to 2 per cent and 4 per oent ot t.he dry 

rntion l1nd tlround 3 :md 4: per oent in tlle second. 'l'ho 

control gr,oups in the two experiments oonsumed about 0.7 lind 

1.B per cent potassium rospectively from the rutions olanta. 

Il~ho t.Jupplamentul feeding of the salt: (K01) was ini tiat4:)d at 

L\ low level c\nd then raised slowly to bring 1 t to the 

levels desired in about a we ale: , a time.. \'Jhen the tull quot a 



ot potassium ohlorida was fael, then only the p~elim1na.ry 

feeding started. 

These h11~h levels of potas~1um .feading were 

adopted on the basis or considerations discussed in 

Chapter I$ 

(d) ~9P£l119.,:~A;Wt· ,~h~"rqf;l~,,:qR1~PJl1, ~.:~t,t;J,~ 

(1) .cf!JaALmm~~L rk!S}1~.*!r~n~~qt4l~1~ibsm. JU!~ 

Two metabolism trials ware conduoted during the 

OOU~SG of: tho :pl'csont itlVestig~,~t1onClt E~\oh tr;i~al wss 

preoeded by a :pl·e11m:J.n~:1_ry feedinG l>Griod or 15 days, 

followed 'by a 7 day colleotion period on the bGsis of the 

,following oonaideration.s\i 

In nll moiiD.bollc a tllc.lios , a prelim1n~u'y feeding 

period vury1n~ from 2 to 4 weeks is usually oonsidered 

neOeStH;},ry to elim:J.nf~te the ette'ct of the previous rosa, 

although Hmailton !-?tt~. (lH27 .. 28) by usin.g different 

intl1cato:r.r~ found that u three day prolimin:iry reading period 

:l,n t.ho case of. rumin{1llts was suffioient to elimirl.ata the 

rosidlHtl effect 01" tho previous feed. According to 

Hltehell §1!!._ (1932) also, longer pre11minury' feading is 

uu-neoes::l/iry. The length or aolleot1on period in digesti .. 

bility trials is likewise a UluttOI' of oontroversy. vlh1:t.e 

longer oolleotion pariod may seoure more aoouraoy, it 



inoreases the labour, expense, and even the r1sk of ~imal 

a10lmesn etc., which m~oy affect the results o.dvorsely. 

HtElpJ.es ~;ll1d Dlnusson (1961) by oompnring the relative 

aocuracies betl!1een a 7 day and a 10 day oolleotion periods 

oonclUded that a '1 day colloction per:lod CQuld replace a 

10 day period within reaaorlflble limi ts 01' accuraoy. 

In the present invGstigation, therefore, a 

15 da,y vrelir41n,try feed1rl~ period was followed by a 7 day 

oollection period. 

A -regular r'outino as dasClllibed before was followed 

in feeding wd watering th(~ (lIlimals during both the experi

mental Md pr$1I$exper1mentnl feeding periods .. (For the 

purposes of sampling, the conoentrate mixture wus 

thor.·o'lt~hl:r n:t.:{ed bei"ot"('1 offering to the ~:atlma1G ~And a 

l'eprosantnt1vo sbmple (about '* kg.) was tHken (lally during 

tho tr1nl period for ary l!lrltto:;, datorm1!l~~t;ton, :::nn tHlbsequent

J.y the dried n\i..).ter1111 of enoh dHy 'W(\s poo)'~)d flUd pregervad 

in a 'wall Htoppered bc)ttlo tor ohomioal fJ!l\.)lYf:Jis, :3imil ... ~rly, 

a r.eprosentat1vE) sample ott t1hOLit lU19,f2JU (~hout ·k l(g.) waS 

t:.:ken ci{!11y and a:eteJ~ dry m8ttol' determination WnS' pooled 

nnd presorved tor fftnalys1s after f1lil11ng. 



represontutiva swnplGJ (about t kg.) was taken out daily from 

the lot at the time of leaning.. i\f'tar chopping well. two 

r('lprese.n1'~ut1ve 5tlnll>los were tt:l1ten for dry matter and orude 

protein est1n1(,~t1ons. 'rho dried nluter1al of each day, after 

moisture determination, waS pooled arld preserved .for further 

anulysis atter r}13..1tng~ 

The wheat lah291=~-! ref\idUe3 left over daily were 

quuutitflt:lvely ool.lected tor EttaOll animal, weighod und 

prQ3erved~ Naces~L~y Qorreotiona 1n the consumption 

wa~e late~ introdUQ${l., The total residues of all the 

animals wei'e th.oronghly mixed to~ether in a lot and then 

Q -truly representrAtlve sUltlple WGS taken to the laboratory 

tor analysis. ,,\fter dry IUatt~31" determination, the who!(t 

*QIS.I~ resi(iuQ wus prQserverl in uell atoppereri bo'ttlos for 

furth1Jr anulys1s nf'teX'i mill1ng_ 

;\~ tha usual oonvontional method 'W8S followed tor 

the metabolism triola, the animtils weI"O shifted from tho shad 

to tha uotubolism Btall t1t1~od with. the usual conveniences 

and the oolleo,\:,ions ware taken in the usual manner. The 

un1mals lITOra hnrnesaed wi th faeoal und llrine colleotion 

bc~g8 three days before the start of f.:lotual oolleotion in 

order to aoolimatise theM to the harness condition liS well 



as new environment. nuring these <161'8 tha oollections ot 

faeces and ul'1ne, althOllgh taken, were rejeoted after 

weighing and measuring. 

During tho aotual oollection period ot 7 days, tho 

tRsoes and urine voided in, M houra ware colleatrad .and 

preserved in sepurate oontainel~s (plasti0 buoke·ts tor taeaes 

~And three litre glass bottles tor urine) tor each anintal 

with the help 01' truined' attendants keeping oon9t4lllt 

vigilanoe. The daily faecal exoretions (:>.4 hours t collect

ions) were a.oourately weighed ¢j.t li. P ~rtiQula~ hour in the 

morning. Next, the tneoea of' suoh snimul was rJl1xad 

thOl"oughly and a representa.tlva sEJmple obtHined in a wide 

mouthed bakelite stoP1)Ored glass bottle beur1ng the bl"and 

number of. the animal a 

Simultaneously, tho 24 hourly colleotions of urine 

from ei..~()h tmimal ulso Wi~re li\Cotl'f'Gtely r.\ElI!,s\U~ad o:nd a·rter 

stirri.ng \>ls11 a representative semr~la of' &bout half a litre 

wus tukon in a rubb~r stop!.~ered glae;) b(.)'ttle assigned to 

eneh Ull.illlul separately. Jul the su.1pl1ngs were completed by 

9 0 30 A.H 11\ dally before offering teeds to tho aninu~ls. The 

9iiullples of faeoes and urine worE) then brought to the 

labo:ratory for turther aliquot1ng b0fo~e aru~lysis. 

It may be mentioned here th~t 5 rill. of toluene 
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was placed as a presorvative in each oollaction bottle 

before asah oolleotion to avoid baoter1ul tcrtnentflt10ns 

during eaoh suooeeding 24 hours, 

J.Ul precautions were taken to avoid oontsmination 

of the samples trom extraneous sources right from the time 

of oollection to the time of final estimut1on. To prevent 

any deoomposition and subsequent loss of ammonla, the urine 

s~ples were a11quoted first and the faeces samples later as 

described l)elov. 

Before aliquoting, the specifio gravity of eaoh 

urine st:001pla was determ1nad by moans of a urlnomatere There 

,"Iare lurge vlU"i tlt10na ill the urinary output of dif'.ferent 

groups of animals in eaoh trial and, therofore, the urine 

.s amples ,,,are al:t.quoted [:~roupw:1ge. Different al1quots 

wera talten tor nitrogen tm.d mineral estima.tions. 

For nitrogen estimation, the cnloullited 

qUBntity of urine aliquot for aach animal was aoour~tely 

pipettec-l out into tho respeotive Kjaldahl flask (500 ml. 

cD.pao1ty) assigned to oaoh s~pla, in duplicate, oontnining 

40 ml. of' oonoentrated sulphurio acid. The flosks were, 
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then properly oovered und kept in pllloe for the next 

day·a aliquot1ng. ~t'hua, the a11quots for 7 consecutive 

duys' 'tor each anitnul were pooled tOt~ether in the sam. 

fln,le for d1gestion$ 

f1ira11arly, tor mineral estimations, the 

oalculated quantities ot urine aliquot for indiv1du.al 

animals were p1petted out into the rospective weighed 

v1treos11 basins, in duplicates. The samples in the 

basins were dally dried over hot water bath ~\l1(1 the next 

day 1 s tresh allquots wore added into the IHmJ.e b aSir1.s. 

'ilion all tho seven days' pooled 9m~ples were oompletely 

dried, the basins were weighed again to dotermine the 

total solids and then kept for eahing tor mineral estimat

ions. 

j~er disoarding the top !oyers or faeoes trom 

eaah oollected sample, the cQloul~lted aliquot (1!20th of 

the total eltcretion per day) for dry matter determination 

WtlS aoourately weighed and taken UJ' in e. ole un weighed 

petridish~ the sample in tho patr1~d1sh was evenly spread 

out ~th the help or a horn spatula f~d d~iad in Q hot sir 

OV9n at 100°111'106°0 for 24 hours. The dry ma.tter in the 

taeoEts tor each animUtl was thus estimated daily during the 
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trial IJeriod, and tho dried material was pooled and 

preserved separately for each animal. At the end of the 

oolleotion period, the dried faecal Gtintples were milled in 

a milling maohine rod thon preserved in well stoppered 

bottles bea-cing the brund numbers of th~ animals tor 

ohemical analySis. 

Simultaneously, separate aliquots (l/SOth or the 

total tresh faeoes voided per animal per day) for nitrogen 

estimat1mlS were aQeu~ately weighed, taken up in a porcelain 

mortar, mixed up thorOu8hl:r With about 10 ml. of '26% 

sulphur10 aaid tor fixation of nitrogen and than preserved 

in wide mouthed. well stoppered woighed l>ottles assigned to 

eaoh l.lnimat separately" i~.rtGr the colleot:1on period of .,., 

duys, the bottles were weighed again and the pooled samples 

in eaoh bottle ware thoroughly mixed up. A suitable 

aliquot (es. 10 ge onCh) was tthen taken in tl K;Jeldahl tlfusk, 

in duplicate. containing 30 ml. of oonoentrated aulphur10 

acid ro~ digestion. Since, oOllsideru"ble loss of nl trogen 

takas plaoe during drying (Y~eiber iiJ!., 1936). the 

nitl'ogen in faeoes was estimatec1 from the tresh semple 

only. 
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In t.he course of the present investigation, the 

methods of' ohemical analYSis reoom¥aended by the A.O. A.e. 
(1960) wore generally followed tor the estimations ot dry 

matter ~d proximate principles, while tor the mineral 

estimations the me1:hods ado})ted were the ll..O.A.C. methods 

as modified by Talapat.ra, Ray and Sen (1940) ~ 

Feeds, tead residues, end faeoal simples were 

analysed tOl- dry matter, organio ma.tter. crude protalnJ 

ether ext~aot, orude t1b~e, nitrogen-tree extract, minoral 

matter, total ash, calcium, phosphorus, mQgnesium, sodium 

and potassium. nitrogen-free extraot lUld total organic 

matter were, of course, found by dlttoronoe. The results 

have been reported on per oent dry matter basiso 

Urine SOml)les, on the other hand, were Im~Alysed 

for total solids, total ush, nitrogen, oaloium, pl1osphorus, 

mAgnesium, sodium ;md potassiumJ and the results hnve been 

reported os ttotal aX(fretion in l.n~1na l)O'r day' 0 

In all the estimations, the averages of' du!)lioate 

results htl-va been reparteel. A brief outline of' the analytioal 

mothods employed in this work is given below, 
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On pl'topel~ s empling, e. 1'raighed quantity (8-10 g.) 

was takon in a olean and dry weighed moisture oup. The 

mut~~r1 al 'WQS dl'ieti in the hot dr- oven at 1000 -105°0 tor 

24 hours Crl(l ,~e1Rhed rigd.no The dry muttel' percentage of 

the samples wus S61p':a'ately determined eaoh time so that 

the results oould be G~ressed uniformly on moisture tree 

basis, 

This \fSS carried out, by 'the well known semi-

micro K3eldahl method. .!1tian'l the usual digestion with 

oonoentrated sulphurio aoid in the presence of l:l oatalyst. 

(1 g. oop,};er $ul}>hato + 10 g. anhydrous sodium sulphate) 

the distillation was oarriad out with exeess of 40% sodium 

hydrotide solution t-).(lded to liboratt) ammonia, the distillate 

baing oollocted in a ItnoW'll volume of standard fJulphur'.o 

acid oontaining methyl red as an indicator. The figures 

of nitrogert found were, Q9 usual, Inultiplied by 60 26 to 

obtain tho protein oontent. l~or m.ocuJ.'aoy, a blank was run 

with all the reagents used, Avery time a batch. of distillnt

ion was performed. 
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Ether ext~aot was estimated by the usual Soxhlet 

met;hod ot extraotion as par reoommendations of the A.O.A.a. 
<lgs. s1l.). j~ter complete removal of the petroleum 

ethor, the oil flask was weighed to a oonstant weight to 

get the weight or the ether extraot. 

The usu£ll 't'l[eonde method ot Ql'ude tihro estimat

ion was followed, utmost OGre being exercised in regm'd to 

the period of boiling, filtration, washing etc., The washed 

residue WUtl qUt(nt1tat1valy trans£erred in a weighed 

cl't1cibl,~ una dried at 100°0 to ~~ constant weight. The dried 

residue "'cas then ashed, coole(1 und weighed again. The 

loss in weight on ignition guva the wOight ot o~ude fibre 

o o11ta.nt 0 

Th~ peroentage of nitrogen-free extraot was 

fClUnd by the method or ditfel"Ance by subtraoting the stun 

total ot the peroentages on dry basis of orude protein, 

et~har oxtraet, crude f:tbre and total ash trom hundl'ed. 



A weighed quantity of the powdered sample taken 

in avltreos11 basin was ignited, first on a low flamo to 

char the materiel and than in an electrio muffle turnaoe 

to Huh it at 550°C tor about 2 hours. It was cooled end 

weighed again to get the total ash content. The tot al 

organio matter ?ercentage wa9 then obtained by subtr&ct1ng 

the perQent~ge ot total ash trom hundred. 

C rllr;ium. 'YUlS estimated in the hydr.oohrLoric acid 

oxtraot of the nsh by the Mothod of. l~aCrl.1dden a.s modified by 

Talap atra, Hay and Sen (1040) ct 

Calcium was proGipitated as ouloium oxalate at a 

pH (.If 4 0 0 to 5.5. The washed preoipitate of cflloium oxalate 

was then t1tx·(4ted hot against a standard U/l'1 pota!ssium 

permangc:unata soluliion, using c:onoontratad sulphurio acid 

to liberate the nascant oxygen fl'On'l the nxi.dat.:lon of' 

oxalio acid. The result l1('aJ olllculatvd as ~lemental 

caloiurn on per cent dry matter }:Hlf:rJ.S • 

. Phosphorus was Gstimated by the method ot Neumann 
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as modified by Talapatra !l ~~ (l2S.~ ~itI) t 'l1h1ch is based 

011. the tn~1nc1ple th '.l t ",han a solution of phosphoru,$ in an 

excess of' dilute nitrio acid is treated with mnraonium 

molybdate, a oanary yellow preoipitate ot ammonium. phospho

molybdate ~(N~)3P0412M0036H20 _7 is obtained. 

The washed IJllteQ1pl tate 'Or amlilonitm phosphom.o11bdate 

was rl:ts.solvect in a. lmowp. volume ~f 5tand~~r(1 sodiua hydronde 

s~lut1,o1'1 J3.l?n the eXCHtSn or. e.lk~'11 tfa! baclt t1.tr~,ted agM1nst 

n stand~rd ni1;ric acid. solution, u.sing phanQlphthal$in U 

in.dioator~ 'rh$ percentage of p'hosphorus was oalnttlated 'on 

th$ ~le1nental has!,. 

Mugnes1um was asttm~ted in the combined filtrate 

and W8.shl11ge :t'rOYIl calcium determ1nl,~rtlon by the A.O.AIttC. 

method as modified by TaJ.:"~l)atF& ~ ~ C1Q2. ~.), whiCh 

il based on the principle that the marr,nesium pyrophosphate 

fOl'lllad by the ad(?it1on of 1~ fltl1Non1um phosphate· and sodium 

01 trat ''$ ',.n ,n strongly llm!1oni'ated solution C6n be d~ter.rnined 

gruvimatriaally. 

The washed p:r.acipi tate ot magnas1:um pyrophosphate 

along with the tl1tel1 paper was dried. and ignited in an, 

electric muftle f.umaca at 600°0 ,dian a grey1sh1ll!lwh1te Mh 

was obtained.. The weight of the ash save the oontent of ' 



magnesium, pyrophosphate whioh was then. aalcull\ted as 

elemental mngnesium. 

~)od1um and pots$s1um were estimatod by the 1!.O~Jl.Co 

method as r,lodif1ed by Talupatra. Jl.!!. <las.. 0), a brier 

outline ot which 1s given below. 

A suitable aliquot ot the prepared hydroohlorio 

extract, atter evaporai~lQn to dryness, was moistened with a 

drop ot Hal and little distilled vater, boiled for a r.v 
minutes with olear bayoyta water until alk.uliue and then 

:r'11tered hot to :remove iron, aluminium, lulphates etc. 1'ht 

dried residue of the fl1tra'f;st atter cooling, was taken u.p 

with 35 ml. ot alcoholic ammonium-08rbont~e solution and 

I stirred thorou~::hly for 5 minute!" It was then transferred 

quanti tat! vely into a 100 m.I. volum.satric flask and the 

volume allele Hpto the mark with the Bmae a!ooholia ~mon1um

carbonato solution. The oontents wera thoroughly shaken, 

allowed to stund overnight ~d then filtered to remOve 

oaloiw, barium etc.. An aliquot or the til trate WllS 

p1petted out into n weighed v1treo~11 basin and evaporated 

to dl'y:t1eUJs. The dry residue W~I taken up with 1 ml4P ot 

conoentrated hydrochloric acid and a little distilled water 

and again evaporated to dryness. The latter was oaretully 



heated on a low tl~e until dense white fumes of ammonium 

salts no longer apPsL;;tred f Tho mixed ~hlol'lde8 ot sodlmn 

and potassium, atter ooo11n~ in a deIRie~tor, ware weigh,d 

and dissolved in a 11 ttle hot distilled water and then 

trunot$rred qU~Ultltat1vely into a beaker. 

The mixed ohlorldes were then tral~tet1 vi th per fllPl 

chloric acid (sp. sr~ 1.125) to trcnsform the potassium 

ohloride into potassium perohlorate which was lnter 

IJf.tllarated out in presence of 95" aleol,ol mld filtered. The 

washed solid potassium perchlorate on the filter p~per was 

dissolved in hot distilled water by W&nhing the filter paper 

thoroughly and the solution was received in Q w~1ghed 

v1treos11 basin and ev~orated to dryness. The dr.r residue 

WfUJ heated on. a low ne.ked tl~e taking oare thdt the solid 

potassium pelllohlorate did not melt. It was oooled in a 

desiccator ~nd wo1~hed sgain to get the weight ot :potassium 

perchlorate formed. The amount of potassitlm chloride was 

cnlculi,4ted and by decluoting it trom the mixed ohlo:r1tiel, 

the we1£:ht or $o(llum chloride was obtained. The elementul 

sodium and potasn1um. were calc)tllnt/ed from the 'Ws1,ghts of: 

sod.1um chloride und potassium perChlorate respeotively. 



subj acted to '~mu.lys1s of vnriance J indi v1dually aOClording 

to SnadecQr (1961). Tho ohaructars in which the tF' ratio 

between 'treatments Ctlme out to be signif.ioant, and their 

group means were subsequently compt.a'ecl with the help or 
UCritical dif.r.erenae' and the results d.iscussed. 

4fbe basis for the seleotion of animals tor the 

two experiments, their r,:lt1on schedule Md supplements, 

plan ot the experiments, feeding and managament ot animats! 

aliquotlng end preservd tlon of b101ogiOtil m.aterials, 

est:.tmatlon or various l'lutr1ents 4'~nd the methods or enaly$1.a 

including the statistical interpretation of the data employed 

during the oourse of the present inv81t1gation h~'~ve been 

dir-;QUS91d in brief j.n this ml~pter. 





S:~!MIIQ~;a~'3l>Zllmi: !.tQ:l~L.JI!E1 • !i~~~ .,iY!Z~I~g~~q, :LJm 
ITlrn*Ll1'i1.:~ J!J~i~Jl~tI~l~i. J;Yiw wAT~~~t ~:;~§J! 

Reoant investigations on the mineral requirements 

ot the growing animal make it inoreusingly ev:ld.&nt that 

the adjustment of the proportions of tbe inorganio 

constituents of a ration requires as much consideration 

as the absolut$ amounts of these elements in the diet. 

Even though a mineral 1, present in a ration in sutr101~nt 

amount tor the aninull' I requireIllents, the presence ot 

othar mlner~ls in unsuitable proportions may lead to 

insufficient assimilation ~d retention. . The importance 

in an1m~J. nutr1 t10n of this balancing of the ration hua 

been frequently emphasised by Orr (1924), 'tmo quotes; 

vur10us instances Qf the interdependence of the d1ffevent 

minGral elements. Of special interest in this connection 

are sodium (.md 1')otu9s1um.. The importance of the ratio 

of these to each other in the (liet W&s discussed by 

Bunge as long ago as 1873, and since then the ratio has 

received more attention than the Qbsolute requirements ot 



Aperusul of the review of literature in Ch~ter 

I 'Wolllcl 1nt1icute that high potassium intake or mde 

sodium 'potassium rat!.o Ctm disturb mineral metabolism. by 

the animals. Riahurds ~ J1. (1927) observed thQt when 

the ratio ot sod1um3potass1um was 1:10 or 11, even 

nitrogun assimila;;1on. was reduced in growing pigs e Water 

intake and urinary volume Jtre alto. directly related to 

sodium and potas (ium 1ntake~ W~d (1960) observed that 

wtiter demands tor urin.ary exerGt10n of potassium may 

be a factor in wliter 'i,;urn over rate, but this hal not 

been investigated. No systematic work on these ~spect. 

has been oonductad in rurainGnts, which prompted u.s to 

lmdertQke the present investigation. The results obtained 

are presented in tbis Chapter. 

G.\I alr6Hdy indioated i.n Chapter II, twelve adult 

sheep were employed in the' present study. Their ~rollpingt 

mode ot feeding and other experimental details have been 

outlined earlier. Arter 15 days or preliminary teeding 
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a metabolism tr1cll extending over a 7 dJ11 period. wal 

aonduoted. During the trial peI'iod the levels or sodium 

and potassium feeding were as shown in Table III .. 

It will be sean tram Table III thut the 

percent~g(~ of sodium. in tho bnsal ration on drY' matter bdi~ 

(0.22%) was adequate as per the requirement sugt:eHJt.d by 

Muynard and 100911 (1962) and the perc~ntuge or potassium 

~rogress1~ely inoreased from 0077 to 4$38 as pe~ the 

pl$nning of the ,~per1ment from the first group to the 

last.o Likewise, sodiumipotu:ss1um ratio Ii' wall. as sodium + 

pct&.usium ingestion also systematically inoreased trO!n 

group to group. 

J!us\'I!-1JlS!...umaU2n'1 iJ1t;;LJ{Lq~~!t~~i;tjJ;J.!1itt,.J¥ld lt~X! Jif.\1sb1 
~~~mPt:i\! 

The dat~:i ref,~a1~d1~ng dry 111;:attor consumption ;!md 

1 ts dizestlbili ty I1re prefH~n·ted in T tar.lles IV and V i-xnd the 

live 'w~~::l~ht rooOl~d.s of. the 'W'llole feeding period in Table 

VI~ 

It will be seGn frau T able IV that the animals 

inp:ested on rm average 31.81 g., 3O~31 g. lAnd 2D.91 g. ot 

dry matter per kg. body woight in groups I, II and III 

respectively, whioh appe~red to be higher than the rTitlR .. C. 

(1957) recom:':l$ndutlons, 1.e., 2fD6~ ot the live weight or 
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26 gt per kg. live weight on a ration oontaining 90~ dry 

matter. The ration tad was ev1d~tly palatable_ The 

live weight records given tn T~ble VI, however, ind10ate 

th~ t the an1mL.~ls main tcJ.ined their 11 va welgh ts dllX*lng 

the short period ot 25 days with diffioulty and, incleed in 

tbe potassium sup':"}lamented r:roups there was So sm.~11 

depr8lsion" This seems to be in harmony with the obeervat

lone or Meyer and Cohn (1911) who stated tb~t potassium 

salts, as 0 :rrulQ, oaused a llOS3 of vei,2;ht (oited by 

Richt:U?ds !l. !il., 12s~ ~~), 

The dat a COnC9l'J1nint the tot a1 dry matter ingested 

and its di~est1bi11ty coefficients pres~ted in Table V 

vere subjected to analysis of var1~ce. The 'Fe ratio 

within treatm.ents W,:lS found to be s1gn.:l,ticant at 5~ lWGl 

in 'the case of total dry matt~r intake only, The result, 

ot analysis of' v a:r1 snaG hal bean set out in Table VII* 

In the cuse of total d:ry mat·ter inttlk~, 1. twill 

be SGel). from f'ables IV und VII 'chut the )itOL1ntJ or ~xpQri· 

mental groups were not $t~tist1oy.lly different from one 

another, thoUf~h both were slgn1tiof.1rltly different from 

the control. This 8110'/8 that Q chcmga o<r average aodiumm 

potassium rut10 from 1#3.5 to 1110.4 tends to dep~els the 

dry matter oonsumption s1gni:t"'i~antly llnd is not furthar 
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The d1f;eat1b111ty duta or crude prots1nt ether 

extract, crude fibre a,ld ni trol~enll'»tree extract a:te presented 

in Tables Vlll t IX, X and XI respectively. In add1tlon w 

actual T.DiN. ingestion during the metabolism trial as 

compared with the H.R.e. (}S~. ~$) rscamlendations tor 

idont1cal weights has been c alculat ed. ~llnd inoorporattd in 

Table XII. 

It will be seen fretA Table XII that the animals 

had been ingesting more T .D.n. thtM. their st1pu'1~itad 

requirements; C.P. ingestion likewise 81 shown in Table 

VXII had llean mora than adoquate as per the !l eRmC. (~. 

~.) calculated allowances, Which are 2 g. per kg. live 

weight_ 

~~he average di(~est:1bi11 ty figures or crude 

protein [t1ven in Table VIII indicate en 1nor~~ge trom 

33.32 in the o(~ntrol group to 38.83 and to 4S.38~ 

respeotively in the two potassium IUP1)lemented groups, 

those or ether extract inoreased tram 45.?2 to 54.12 and 

to 56.4116 (table IX) and ot nitrogen-tree extract (Table 

XX) trom 55.9a to 59.79 Gnd to 60.46~ from grcup I to II 
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and to III respeotively. In tho case 0:(' crude :rlb:re, 

however, the average digestibility figures shown. in 

Table X. show a decreasing trend. trom 56.40 to 65.84 

and to 5~$33 in groups It II and III respeatively. 

h1hen the d1~est1b111 ty data or each nutrient 

was subjected to analYSis of variance, the iF' ratio 

between treatments cam9 out to be 31gnlt1o~t at 5~ 

level in the oase of n1trolen~tree extract only. In &11 

other casal, it was not significant even at this level. 

The results ot analysis of vari~nce are given in ~&bl. 

XIII. 

So tar as the (11gest:tb111 ty of aru.de fibre 

is oonoarned, our resn~ta rIo nnt tally with the 

following observatlofll8 

Hubert at cal. (1958) observed that potassium. 

was eS~J(:~ntiBl for cellulose d1r~est1cn in an in X.trs 
system. Balch ond Johnson (1950) showed thnt a higher 

moisture content in tho rumen, as a result ot pot~~ss1U11 

feeding, f&voured cellulose digestion by the cow", 

Increases in potas~1ium intake were related among others 

to i11or •• ses in crudlS fibre intake (Knox 5 J!1., 1.965, 

Leitoh and Thomson, 1944). Simultaneously, a numbf!U~~ o.t 

trials with oattle and sh$ep ted high grain ration. or 
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ra.tions containing corn cobs as roughage h~ .. ve shown that 

imll WQVements in ii.igest1b11,i ty and weight gains eould be 

produced by tldd1ng altalfi:~ or alfalfa ash t·o the rations, 

whioh contained much higher conoontration or potassium 

than the b~1l1 ration !uppleml&)'nted y;r1th n r.rtlneral 

mixture supplying all the 10lown requirer.tents or sbeep 

(C1Ulppel ..!Lt ~." J.955 i vla.t'd, 12£", s1t..).. The 

re81l1 ts of oertain eJq)(1l:'iments conduoted by Gupt a 

(1967) h~ve indioated that the digestibility of wheat 

*t?u(J,i nitrogen was improved when buffalo bul~ocks we~o 

offered rations aonsi3ting of urea, wheat j>J1-o ... ~~A .ond. 

mola~Hu!UJ, the l.atter two being rich in j')otC1991u1Jh· 

The h~,18noe dntu of n:t .. ~;rogen, oalcium, pllOSphorus, 

m~gnas1um, sOdium ~md potassium hnve been sot out in 

Table8 nv, xv, XVI. XVII. XVIII Mod. XIX resi1getivel:r_ 

J!Prom. Table XIV, it "Jill be ~0en 1~hnt i.;he tot sl 

lW10unt of ni trogon ingested WlH1 l'l.bout the ~HllUE!J 1n1 all the 

gt'(r~:tp8 l~nd th.o ini~ef<rtion was higher i~han that recomrn.nded 

by N .n~c~ ot the u.n. li4 (.lJ~S. ~.) tor animals of similar 
, 

body weight. The balanoes or nitrogen were also positive 
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in all the groups 011 But while in. tlle control group the 

intake and outgo or the nlttr1snt vl0re allnost balanced 

leaving a small positi"a ret,mtion of: ... 0.55 g_ 011 tha 

aVt'n!!E\ge, in tbe potassium SUpplul:lent-sd fP':oulHl tl19 

ra1:. cnt.1on prog~es sive 1y deel1ne1 ao th.at 11'. tha 4 per 

cent pota~a3,um suppla~il9nted granp ttt(l lnt.ako f,~nd out.go 

just baluntOed. Th\\tl, ulthottgh the ~la()11ue "was in 

oonsonanoe with sim11ar decline ;In 1nf~t1'R t1on, 1. t se(}l"lS 

obvious th4t large potasnilmt ingest.1on i.loes not help 

nit~ogen retention and, i.e at all, it llop)~es9as it. 

That wat~r washing o:r poody straw improves 

nitrogen retention because of the removul ot the ; .. ar, .. 

amount of potassium pr998V.t in it has been shown by Ray 

.J1.!1. (1947). flim11,',tr 1mprOVitmfJnt in nitrogen retention 

when alkali treated puddy stra.w is tod has also be~n 

reported (Hen £~ J\l"t It+4a; 1~egi, 1955)_, The latter 

oontnins mora or sodium ttum of potassium and :it seam.s that 

potassium rath~~ t}1).~n go~~1um is lnvol vad in this improved 

retention of n1 trogen. In the pr€H~ent e:x~perlmetlt also 

water-wttahed wheat s'trav wss used and a low potussiUlt 

ration was red to the control animals, so that the higher 

nitrogen ret&ntion mar b. the direot result o~ it. But 

the statistioal t~eatm.nt ot the data a'hown :tn ttt\~le x..'C 

doe. not support such & oonclu.ion~ 
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Looking at the caloi urn balmloe data shown. in 

Table XV, it is found th~t calcium ingestion from the 

ration was also s1ml1ur in all tho groups and the level 

of its feeding was muoh higher than the recommended 

allowanoe, according to the rf.R.C. (;12£- ,m.)$ T.he 

balancett too were positive in all. thn groups and (lit 

l1m.ost similar order. It 19 aleo seen that the retention 

was comparatively low against ~l ingestion level Whioh 

is regarded to be much higher than the reoommended 

allowance (1.8 g. calcium/2S kg. body weight) .. 

It, therefore, seems that potassium ingestion as 

such had no influence on oalcium retention and the 

statistical t:l.%lalysis shown in Tnbl~ XX supports itG 

The phosphorus 1ngoation t1~uras set out in 

Table XVI are within limits of the recon~ended allowance 

(1 $4 g.P/'25 kg. bony weight).. EVen so, th.ero was a 

s11ght pos1 tive balanoe in the potassium. supplemented 

groups £:tlld this increased mnny times when tb,a level ot 

potassium reeding was at its lowest, 1~e_, 0.8% compared 

to 1a and 4% in the supplemented groups. Hare i.llso it 

would seem th(.~t rer:1ovul or. potassium trom the r&tion was, 

as in the 08.9$ of nitrogen, h91ptul in the retention of 



phosphorus in tbe body and WiUit is !(lore, t~113 is tully 

supported by the sn~.~lys1S of V cLriano$ conducted on the 

pllosphorus balanoe data iJ.$ shown in Table XX, the l~vel 

ot a1gn1t1aance being 1 per cent~ Critical differ-Quee 

t est also shows that the me an of the control group wa, 

signifioantly different trom both the experimental onel, 

al.though the two means within the experimental groups 

were not muoh difterent. The conolusion, theroforet 

seems justified that tbe effeot of wide aodiurn= 

potassium r~tio was hi~h11 depressing on the retention 

of phosphorus under the oond1tion ot feeding where 

ph.osphorus requirement wos only ularg1nnlly met., 

Reference hlas alrsJ.dy be~n made of the studies 

on pigs by Hichards !1 ~11 (12s,. SeU..' or the observation 

ot Orr (1Qi_ ~~.) that high potassium ingeat1on, 

especially When assacinted with a wide 8od1umJpotassitw 

'rt~t10 like 1110 or 1,11, reduced the assimilation. ot 

n:1trogen9 c~lcium and phosphorus, particularly when the 

supply or these nutrients in the rf.d-;ion wa. low.. Zunt&(1912) 

(oite{.t by n'lssol ~md Dunoan, 1966) ~41so has observed that 

nlitlnutrition and pica resulted when t,he rf!tion contQ1ned 

not only a wide sod1umapotasalum ratio but also w~s low 

In caloium and phosphoru.s. 

The ration ted to O'llr' anixllals WM r:H~rginal in 
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respect of phosphorus only but not to c ulcium or protein. 

'fh1s WBS, rather untort'unate, for initially this was 

intended to bo. Nevertheless, from what hus been shown 

above, it seems th·.t high level of' potasr»1um ingestion 

with a aod1umlpotass1um ratio as wide as 1110.4 detri

mentally affeoted phosphorus i:~etubol1sm., ~1J. though a still 

wider ratio of 1319.2 h,.;.d no greater hurmtul eftsotoa It 

is possible, h~d the level or phosphorus feeding been still 

less, the effeot would have bean more pron.ounced. 

Reforence may also be made in this con.."laction to 

the work of Neg! <l.Q£. Sll.) 11 who did not tind an1 app

reoiable effect of supplementing a rape coke plua wheat 

JiU29.Lt ration Til1th potassi:wn oxalate to simulate: the 

conditions of, paddy straw reeding on oalcium ~lnd phosphorus 

reten t1on. Thi s worke r 4& also earl ~ Jl.!. (~41 sJJi.~) 

reported lower retont1011. of phosIlhorua £17oro. untra~ted 

paddy struv (containing high potusSium) thon f'rom alkali 

trea.ted straw. On the other hand, n~y at ale (Wm.!UJl..) 

did not find any im.p r()vement in phosphorus r~tant1on on 

feeding wuteI~ washed puddy atr~~w. The level of phosphol·US 

teeding in their ease, howev0J.~, wa$ 28 per cent lower 

than the COtlpol"able group,. 
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Magnesium balance data nre set out in 'fable XVII. 

Here t~lso magnesium. ingestion in all the groups was aJJnost 

the same and the balances too were pos1tiv90 The retention 

of this lnineral in the oontrol sroup was the h1chest and 

no ditference in retention attr:tbutable to the higher 

levels of potassium ingestion was noted in the other 'two 

groups. StLitist10al an'i,lysis ot the date given in Table 

XX also does not reveal any s1gnitici:Jnt variation from group 

to group~ Thus, although with the same level o~ magnesium 

ingestion its retention was almost douhle in the low potassium 

group, because of laclt of statisticlll support the oonolus ... 

ion oan not be conf1:rmad. 

Burch and Wolton (1961) observed thut past~ur0S 

containing 0.2% of magnesium in the dry ration might not 

produce hypo-m,agnesaer::11a; .";ss\mtin~ this to be the require

ment level the needs of the animals appeur to hHve been 

adequately mat as from the ration they ware receiving about 

0.25% ot magnesium on dry matt~r bas1s~ It s6oms, there

rore~ that any adVerse effect that; muY' tolloiV' high potassium 

ingestion and wide sodltmupotr"ssium r~r~;10 can not show 

itself up when the level of magnesium feeding is already 

adequate or !l10rS than that. There is no doubt that a large 
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volume of evidenoe exists in support of tho theory that high 

pot~ssium ingestion affects magnesium metabolism end may 

produce hypomagnesaemia grass tetany. This has been tully 

reviewed in Chapter I. On the other hand, work of Neg1 

<lQ,q. Sii.) and Ray .!i.!1. (;loa,. R;lt,.) hu.s shown that 

inoreased potassium ingestion in the form of' supplemental 

potassium. oxalate on a rape cake ... wheat hhoosa ration O~ 

in the form of untreated paddy straw did not influence 

magnesium retention. 

Sodium bslf.'tnce data are shown in Tabla XVIII and 

those or potassium in T~ble XIX~ From the Tables it will 

be seen thitt while sodium 'ingestion remained almost the 

same in all the groups, pots.8sium increased considera.bly 

from one group to another reaching 1 to maximum in the last. 

The latter, of course, is due to th$ supplemental potassium 

feeding resorted to in the last two groups. But while 

potassium exoretion and rotention both increased from group 

to group, sodium excretion increased progressively, without, 

however, a similar retention.. Sodiu.m ret.ention, on the 

contrary, deolined. It was the highest in the control group 

and almost the same but muoh lower in the other two groups. 

It is also to be noted thc.Jt sodium exoretion WaS encour aged 
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and helped by a higher potassium tngestion. 

The statistioal «nruysis of. both the data shown in 

Table XX does not reveal any s1gn1t1a~t differences in 

retention of sodium and potassium from group to group. 

The daily exoretion in the r. aGces l:nd urine of 

nitrogen and the minerals 1s given respectivoly 1~ Tables 

XXI and XXII. Their percentages I.!:\ .... Jl""'X1i the .amounts 

ingested are also shown there. 

A reference to Table XXI will show that the 

amounts of nitrogen, caloium and tlsgnosium excreted in 

the :fa.eoes dr:dly did not differ from group to group w
A-.I1! the amounts ingested, '\tlhareas the excretion of 

phosphorus, sodium md potasa:s:ulll vLJried cono1dSlrably, of 

which ph09phorus ~las rather mOl'!'G aonsp1cuow than the 

other twoo It formed only about 50 per cent or the total 

ingested in the oontrol group and increased to about 81% 

in the 2% pota.ss1um and about 90% in ~ he 4;~ potassium. 

suppleman'ted groups. Both sodium Hnd potassiUttl excretion 

by way of faeoes, on the other hand, declined in the 

supplemented group, nlthough the decline was ~10re pronounced 

in the oase or potassium th~ in that or sodium~ 



... 
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Referring to Table XXII, where the exoret1on 

putte;r'n in urine is show, it seey,\1S that t;he ptlttern of 

excretion of nitrogen, ouloium., pho~~phorua and Illi.gnssium. 

in urine in all the groups remains praotically the SfiJie 

whether potassium is rad or not, except thnt there was a 

slight tendenoy for the a end 4% potassium groups to 

exorete more of thp. first two nutrients ~~§-~~~~ their 

intake. In the cnse of sodium arHl potassium., however., 

the picture 1$ altogether d1ft0rent~ Here not only 

potassium excretion ~~-Jt-W 1n~estion 1noratJ.ses 

enormously, as it should, sod11~ exoretion also is soen to 

increase tremenc10uslYtll Thu.n t while the daily G:xcrot:ion of 

the m1ne~al in the urine 2i!-~-l1! ingestion was only 3,24~ 

in the control, it was 50% in the 2% pot.assium 8upplement~d 

group und 40% in the 4% OIle$t 

This shows that high potas.'.'31um ingestion 

impoverishes the body of sodium, Md. the sodium requirement 

under this oondition goes up. It seems to bo in harmony 

with the theory ot Bunge that excess of notuGsium 

impoverished the organism of sodium and chlorine (cited 

by Brouwer, 1961). 
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water is the most important for lite and, henao, it is 

consiclered as an essent1ul prinoiple in dietetios. 

Besicles its num$rous physlo1ogio~ll functions, it alsG acts 

as a vehiole tor various physiolo~t1cal prooesses, suoh rut 

(a) tor absorption of tood materials from thE~ intesti.ne, 

(b) tor re .. absorption rro~J kidney tubules, (c) tor the 

transport ot V:,llrious food s~urf from plUC9 to :place, Cd) 

tor the drainage and excretion of the end lJroducts ot 

metabolism, (8) for the manufacture or various seoretions 

such as digestive juices atc_, (f) for c~ry1ng the 

horxftones to their places of aotivity ate. 

Thus, water plays e major role in the utilisation 

of nutl-'1ents in the hody. Rit,,;msn. and Benediot (1.924) 

have reported th[2,t the water intnka o:f animals is signi

ficantly correlated with their dry matter lntSka~ the 

wuter lutiike is also influenoed by the protein and salt 

contents of the diet (Nagi and MUll1ck,1959). ~~e above 

workers ooncluded that the ratio ot wnter intake to dry 

matter ingested ond d1eested is influenced both by the 

dry matter intake and atmospherio conditions, viz@' air .. 

tsmperatUI'er ralQtive humid! ty eta. n:1ley aJ.50 stated tha.t 

at all atmospheric temperature ·"nd relt~.tive hum1d:i.ty 

levels't the ra.tio between water Inttlke ond dry matter 

varied wi thin a narrow rangolt They t therefore, recomr~'iended 
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thut the water intuke of mUmals on maintonunca ;rations 

shoUld be 3 to 5 times that ot dry w.atter intake, in 

summer it mtJ1 be 3~6 - 5 times and in winter 2.5 ~ 3.5 times. 

Rltzmwn fmd Benedict (~. ~.) and Leitch and 

Thomson (1944) also reported that the d1fl'"erence between the 

mean water 1ntuke per unit of dry matter ingested at diff

erent planes of nutr1 t10n was flot stutlstlcally ~igni.f1cent. 

In the present investigation, the intlllance of 

potassium feeding nt the levels of approximatelYo.1, 2 

and 4% of dry ration respser1;,ivaly to group If II and 

tIl on watGY' mGita;,olisttl baa been Stlld1fJd.. The experimental 

details have already bean dG;.~lt v1i th in Chapter II. Tw'o 

metabolism trials were oonducted in the winter mont;l1!l of 

rlovembaJ:», 1967 ;:md Febl."uary, 1968~ The total vater intake 

of an individual was cB,lcula.ted as tho sum total of (a) tree 

water t\runk J!4 ~:iJ;!.fIt + (b) W'~lter f'ro:,";\ the feads ingested + 

(0) metabolic wuter derived from the lllfiltt\bol1sm of nutrients 

in the body. 

l~pparent l.nsenslble losfj or insensibl.e pergp1ration 

was oalculr~ted, as usunl, from the totHl "rater intflko 

minus tota.l water exoreted as ur:tne nnd faeces, assuming 

that the rest of the water was J~O$t by the ev~~porative 

meohanisms through lungs and Sltin. 



Since large amount or water is const~mtly 

appenring and d1s.appe~ring trom tho body and inspite of 

it 8. tairly aoourate balanoe is tnDlntn.il'led. between 

produotion end loss, it is obvious that there must be a 

strong regulating meohanilm which is vary 1rltricate and 

is not y0t tully known. 

Th.e water metabolism data h aVe; 'bean prosented in 

Tables XXIII and XIV$ . 

It will be sean trom. Table XXIII th;:,t while that 

water ingested from teed and that derived from the metabolism 

ot nutrients were practioally the same in all the thrse 

groups, free water inff,Gst1on inoreiiised enor-moualy ttom 

group to group, so that the tot~l water ingestion from 

all sources ,.yas about one: ~J!nd a h Inlf' and two times 

respectively more in the 2% and 4~ potassium. snpple.ml$nted 

groups 'than in the oontrol. Its outgo through urine 

ltkewis$ increased., but the increase was at laust fottr told 

in the ca~e of the 4% potassium su.pplemented. group 

com.pared 'ta the t1JI0 fold inorease sean in the ~ potassium 

groUPt exoretion by WHy of faeces b::ing rilmost the s<:Jne 

in all the groups_, Sj.rtlultan(lously, thGl1e was an 0nOlt mOu'$ 

increase in the IJmount ot totul solidg in the ur1nG of 

the potassium. supplemented g~oUP$t the incraasa) being 
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double and three fold in the ~ and 4~ potassium groups 

ro a 'n~() ti vel,.. 

Aga.in, a reforenoe to Tabla XXIV will show that the 

ratio ot water intake to dry m~lttcr ingested and d1gested 

progressively increased from group to grou:p~ This evidently 

shows that potassium inoreases the water requirement per 

unit of dry mattar ingested and digestoo considerably, md 

a:t the some time thare 1s ditlres190 It ~lppearg to be in 

harmony with the following obs9rv",i,tions concerned with the 

d1~~et1c effects of potassium. 

intake under paddy straW' f'oadiue wn~ p&;rtly :Xif~GPonsiblf.1r 

f'or incraased, n.rinut1on. 

Feeding of paddy straw with napier grass, Whioh 

111volved a heavy ingestion of potassium, was also 
, 

accompanied by heavy urinary output (cited, by t1ieg1, 1965). 

Ray !S J!l. (1947) (lui( 'randitt.esekere (1952) 

obseI»ved that animals fed on wt~tet"~washed. pc,jdy straw 

which oontained lesser pot;'i»SiUlP, e:x.h1b1,t.ecl redtlatlon 

in d,1urasis. 

Nagi (laS- S!Jt..) a.lso found that by :reducing the 

potassium (tontent of paddy s·traw by lime treatment the 
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txt$nt or ur1n~tion was decreased, whioh was again enhanced 

when the basal ration oomprising of wheat ~qo~~ as roughage 

was supplemented with potassium oxalate providing potassium 

upto the level present in paddy straw. 

Wright (1956) has reported thut isotonic potassium 

chloride solution (1,3%), it administered by mouth, 10 

rapidly exoreted like urea or other waste products b~d 

gives rise to a marked diuresis. 

Meyer and Oohn (1911) suggested that pota,s1um 

salts as a rule, oause increased elimination of water 

(01 ted by Richards t !Jl. J1., 12£. ~.) iii 

D1ure$is is a mechnn1sm. by which the kidneys get 

rid of surplus accumulation ot harmful ingredients ot the 

ration or products of metabolisM. under this condition 

not only there is an excessive urination, there is also a 

greater oonswnpt1on at voter. This is actuAlly \1hat we 

find in this experiment~ where in order to eff1cienoly 

eliminate !'rom the body the l(u"ge qu,":utit1es of pot ElSSiUDl 

ingested, water intake and excretion went progressively up 

along with the inoreused levels of the h~~ful mineral. 

However, "When the ratio of the volume or urine in 

ml~ to the sum of Na++ x+ lons excreted in urine in terms 



of m111i-,quivalents (presented in the lost coltwn or 
T able XXIV), 1s considered, it becomes c.leer that th. 

excretion of Bnoh of the Ntl+ or 1(" ion by way of urine 

1s effected in ev~ry 12.6 ml. of u.rine in the case of cont

rol animals against 3,6 and 400 ml~ or urine in the case 

or experimental ones. Evidently, the kidneys are able 

to excrete Na++ K+ ion! in a more concentrated fo~m in the 

case of potassium supplemented groups as eompured to the 

oontrol, thus eftecting the water economy proportionately. 

It is, however t interesting to find that an 1ncre 11se of 

potaJsium in the ration hom 2 to 4'" dOles not appetz to 

nlte~ the amount of sodium or potassium. ions per ml. ot 

u:rin6. 

The rel~:i,tion, 1f uny, existing between sodium. 

potassium ratio, on the ona hand, and the digestibility 

nod metabolism of nutrients, on the other, was studied 

and tho results are presented in this ChapterQ 

The results shOW that when the level of sodium in 

the ration was kept oonstunt at O.22~ and the potassium 

peroentage varied trom 0.77 to 4.38, so that the ratio ot 



sodium and potassium progressively rose from le3D5 to 

1'19,,2 through 1#10",4, the digestibility of the org~ic 

nutrients did not show any statistically signifioant 

variation from group to group$ 

The ·balance studies with respect of nitrogen, 

ca.lcium, phosphorus, magnesium sodium and potassium ulso 

did not show that a change in the retention or nitrogen, 

calcium end magnesium was brought about in LillY' signltiQ~t 

m£~er by a widening in the sodiumapotessium rutio$ Perhaps, 

& still lower level of these nutrients in the ration could 

have brought about 8. more su.stain~d lowering in :retention 

of these n.utrients, a trend of whi.oh only was d1sce:rnible. 

This was, howevor, more pronounced in the 08.sa ot 

phosphorus. whioh 't'lQS ted at about the requirement lavel, 

showing statistically s1gnifi<:mt (P (.01) lowering in 

retention from group to group as the retio 'I1idened. Sodium 

also showed a progressive lowering in retention but this 

was not statistically signifioant. 

The average e~cret1on pattern of nitrogen and 

the minerals through the ul'in&ry lind, taecal routes ~'las than 

studied. III 1ll'1ne f the p attarn or exoretion of nl troeen. 

caloiU1ll, phosphorus and magnesium was not af'tected_ But so 

tBJ! as sodium. and potassium excro't1Qn through tb1$ chonnel 



is concerned, it soem that h1~h potassium 1nga~t1on 

impoverishes the body of sod1Un1 and the sodium reJquirement 

under this oondition perhaps goes up. In the faeoes, on 

the other hand, the excretion ot phosphorus, in partioular, 

went so high as to constitute about 81 per cent in the 2 

per cent potash tad group and 90 per cent in the 4 per oent 

group oompared to 50 per cent in the control group (0.77 

per cent It). "otassium exoretion by wtly o,t tasces, howw"n.-, 

declined with increasing potk.lssium in the 1~at1onfil 

The result of water metabolism. stuiU.es oonducted 

during this investigation shows that fr$G ~ater ingestion 

:tu.oreatled enormously from group to group so that the total 

water- ingestion 'from all sources was about 1:1 Ulld 2 timel 

mo~e regpectively in the 2 per cent and 4 per cent pot~sB1um. 

supplemented gr-oups than in the aontrolet Its outgo throngh 

urine ~llso increased simulttw.eously, but the inCreilSG was 

at least tour fold in the case or the 4 per cent potash 

group oompt,tred to the two fold inorsose in the ~ pel- cent 

group fI 1~cretl1on of tot~ll solids in th.e 1:U-.:t.l16 likewise 

increased progressively. 

l)otasE}ium (and wide sodium tpotass1um ratio' Wt~S 

alsc found to inorease the water requirement per unit of 

dry matter ingested and digested, and also lowered the 



appetite which was significant ut 5% lavel~ 

Indioation of water economy in the exc~otion 

of. the alkali m.et ala in the potus~~ium supplePlent ed an1m.;.ls 

was also noted. 
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The second feeding tr1ul, which is being 

presented in this Chapter, as already discussed earlier, 

was undertaken with the object ot studying the influenae 

of diff0:rent sodium=potassium ratios, other than those 

studied earlier and presented in Chapter III, on the 

digestibility and metabolism of certain nutrients, 

pBrtloularly when the supply of potassium, as tar as 

practicable, 1s from tlJJ.tural teeds. Berseam is rich in 

this mineral and so 18 unwashed wheat strt1W. These, 

therefore, were the main ingredients of the ration with a 

small quantity of potassium Olllor1do added to them, where 

neoessary, in order to bring the ratio of the minerals to . 

the desired levels. Their ratios in the three g~oups were 

184.5, 1*8.1 and 1:10.3 as shown in Table XXV, the percentage 

or sodium and potassium. in the basal ];I'lt1on being 0,,4'2 mid 

1.S5 respectively-
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The dry matter consumption of the l:m.imals is 

shown in Table XXVI, which is the same in all the groups. 

Its digestibility figures, set out in Table XXVII, also 

are similar without any variution. The live weight ahange. 

within the short period of the 6lq)eriment (00 days) shown in 

T able XXVIII likewise show a similari t,y with the experiment 

reported in Chapter III, ind.ioating a progressive 108S in 

weight as the level of potassium feeding increased fod the 

r~lt10 of 90rtium -and potassium w1dened il The analysis of 

variance datu tor dry matter ingested, digested and digesti

bility <%) hwe been set out in frabl~ XXIX, which do not show 

any stQt~stlcQlly s1gn1fia~t variation from group to group. 

The c1igastlbi1.1ty data of crucIs protein, ether 

extract, crude fibre and nitroganmtree extr&ot, given in 

Tables XXX, XXXI fJ XXXII and nXlII respectively also do not 

show any statistically signifioant v~~iatlon from group to 

group as shown in Ta.ble XXXV. All these results :.:tre in no 

waY' different from those f.ound earlier with the snitt'Htls :fad 

~ leaves, water-washed wheat straw and conoentrate 

mixture plus the potassi urn ohloride supplomant III This shows 

that under the oonditiona ot teeding, irrespective or 
whether potassium is red in the ro~n of natural teed or as 

the salt, IOdiUltlpotassitml ratio ri .. nging between 1.3.5 and 
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lz19~2 does not etfeot nutrient digestibility in ~y manner. 

Nor does it affect the 'total dil1estlble nlltrients t (TIOD.U4t) 

ingestlc)n in any significant manner as shown in Table XXXIV 

and XXXV. 

The results or the bal~oa stUdy oonducted on 

these animals wera likewise similar. Th$ n1t~ogen retent. 

ion shown in Table XXXVI in the control group ~as positive 

(+ 1.14 g~) &r!d this was reduoed to - 0.64 I~ in the 3~ ~ 

pota.ssium fed group and r'Jrther to ., 1.26 g. in the 4% group. 

Caloium retention (\180 'iJl'ant down from + 0.78 8~ in the 

control group to + 0.41 g. and furthor to + O~30 g~ in the 

3% and 4% potash fed groups (vide Table XXY.VII). This trend 

was praotically m:::iilltained in the case or phosphorus and 

m.agnesium reteni,jion €t$ well (vide 'r.~bJ.es XXXVIII lmd XXXIX) 0 

tltrol.t1stiaal tmalysis!t hen-lover, dId n.ot reveal these 

ver1ations to be significantly different, exoept in the case 

of phosphorus t ,,rhich were highly s1gn1fiGmlt bet:we0n the 

tre~~.tments ("1110.0 TDbl.e XLII). 

Coming to the retention of sodium imd potasnium, 

the pi.oture is somewh~t different thun thu1; "TO hi,~VO Come 

across in the earlier study \fhere potassium was i!lv..inly 

supplied as supplement and sodium oontent or the rut10n too 
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was lower~ 0.22% against O.42~ in the present instanoe. It 

will be seen in Table XL that sodium retention was a~ost 

the same in all the groups in contrast to a gradual tall 

in sodium. retention noted in the earlier experiment. 

Potassium retention too behaved difrerently here {Table XLI)G 

In the second group where the sod1um:potussium ration' was 

138.1 with only 26.32 g. of potassium ingested the retention 

oums to be + 9.55 g~ while in the third with a sodium. 

potassium ratio of 1:10.3 and ingestion of 33&31 g. ot 

potassium the retention was only 8.08 g. The statistical 

analys1fi of the data, presented in Table XLII, shows that 

the potassium retention data are significant at 5% level 

between treatments. 

The rQsults or a probe into the excretion 

pattern of all -these nutrients v1s-a ..... vis their ingestion 
~"ttfll!lla~ 

are· shown in Tables XLIII wnd XLIV for faeoes f~d urine 

respectively~ A reference to Table XLIII will show that 

of all the nutrients studied phosphorus alone has shown a 

definite pattern of excretion in the taeoes, followed 

perhaps by potassium. Phosphorus excretion bY' wrq ot 

faeces oomputed on the basis of its percentage in 

relation to intake increased as the potassium ingestion 

increased, the 1n~rease between the oontrol und 3 per cent 

potash groups was almost double. Betwaen the 3 ttnd 4 per 
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cent levels, however, there was not tXluoh differance. 

Potassium excretion behaved exaatly in the opposite 

directiQn t.m.d in a similur manner. The urinarY' exoretion 

p~~ttern, on th.e other h ,nd., wa.s ri:tther erratic and nc 

system.at,ic vari at10n fror.1 group to group oould be identi

fied (!;LS! ~rable XLIV). It comp (trison 1s ClQntinad to the 

control ~nd 3~ potassium (138*~:SQdlumipotuss1um) ted group. 

alone, exorotion c,t nitrogen, oalcium, phosphoru$ Ina 
mngnes1um inereased Qo:nsid'atablr with the h1gl1er lGvel or 

pot&SSiiW ingestion, w1l11a that of' sodium antI potsssiUJI 

d.aclined all much. But bet·~leCn 3 ~d 4 per c~nt rJotalh tad. 

animal, i.e., when the sodi'W'dapotae ~~ium ratio v~r-i.d. bfttwlen 

128.1 and 1:10.3, the difference in the r~te of excrotion was 

leIs pronounced~ 

In general, it C~ be stated that while in the 

r.lrst expdriment the excretion of phosphorUs. in the tueee, 

vas rtii,sed from 50 per ci$nt of th;xt ingested in the oontrol 

group to :,tlmost 8(') ~d 90 ·per c~ut in the supplemented 

groups in th~' sOt:ond o:xr:nsrimtnt, ~SQ similar lnere~sEua 

hnve bean noti<u;JId. A s1ml1:~~ity in -potassium exoretion 

in thE) tw e:gpe:r1m~nt$ h(i,S ti130 been found At But the 

impoverishment ot sodium in the body noted I~rller wal not 

so marked in the present 92Periment. 
The results ot water metabolism studies art 

presented in fable. xrll and XLVI.. It will be seen fl:0lI 
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Table XLV that the water intake or the anim~la of groups 

II and III was about the sc~e and was at le&st 25 per oent 

higher than th0.t seen \>11 th tho erd.muls of. tho control 

groupe Wa.ter outgo through urine followed a siml1.E!r 

pattern, only that the outgo in the sup plemanted groups 

was almost 21t timos that of the control group against 

an increase ot li times in the free water consumption~ 

The tota,l solids excreted in urine in the supr)lemented 

groups were also much higher$ 

The ratio or water int~lce to the dry mutter 

ingestion given in Table XLVI ~~so hns shovn an increase 

:'i.n the potassium supplemented groups but between .3 end 4 

per cent levels there was no differenoe-

The results obtained in the present axperimentt 

fo~ all practioal purposes. oorroborute the findings ot 

the previous experiment except in some mino~ deta11s~ 
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at U5-

IUl experiment was designed and conduoted on 

twelve adult sheep, distributed in thpse groups of four 

animals EiJn0ht to sturly the effect of reeding pot&ssium in 

amounts present in many potassium rich p~stures wit.h 

sodl'lt4 :potalsium. ratio varying from l. :3.5 to I :19.2 on 

(a) the digestibility of organio nu.trients, (b) the 

retention ot nitrogen, calcium, phosphorus t mai;nosium, 

sodium and potassium, (0) their excretory pattern in 

urine wnd taeoes and (d) water met&bo11sm~ Its effect on 

(8) appetite and (f) body weight 'Vl~S ulso studied. T~;o 

feading trials were aonduct8d~ In the f1ratt the basal 

ration was mooe a low potassium one, so th .... t potassium val» 

rn(;~1nly sup'oliad in the form of patas sium ohloride to r aiae 

the sodium spot as slum ratio even i.l.S high as ].:19 41 2. In the 

second a~erlment, the m~1n souroe of potassium was the 

ration itself, the potassium chloride supplement was only 

red when necessary, the maximum sodlum3Potasslum rutio in 

the latter baing only lel0.3.., 

Tho'results of the digestibility trinls and 

balanc.e studies of both the experiments were almost 

similar, irrespective or the level of potassium feeding 
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or of the sodium:potass1um ratio or evan of the source ot 

potassium either in the form ot its salt or of natural 

reeding stuffs, The results of wuter matu.holi$m and other 

studies conducted were also similar. They are as tollows: 

(8) The digestibility of crude protein, ether 

extraot, crude t1bre, n1trogen-r~ee extract and dry 

matter was not affected by tho nature or source of potassium 

nor by the level of potassitttn feeding (maximum 4 per oent 

and minimum 0.77 per cent)/sod1um.apotMs1um ratio 

(maximum 1=19.2 and minimum 1~3e5). 

(b) The retention ot nitrogen, calcium. and magnesium 

was also not affected. But the retention or phosphorus 

was adversely affected as tho sodium*potassium ~at10 

widened up and this was highly signifioant at 1. per oent 

level. It 1s possible thL~t had the levels of nitrogen, 

cLuc1um and magnesium feeding were still lower than the 

low levels at whioh these were fed some significant 

result could have b~~on obtained as in the CHlle of 

phosphorus", 

(0) The excretory pattern or nitrogen and the 

minerals by way of' urine a.nd tllecel WI~S Hlso similar in 

both thQ experiments. The pattern in respect of urine 

remained the same in respect of nltrogent oaloium., 
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phosphorus end mEi~;nesiurn, while the f ; 0:1: soc11um was 

different. The a~cret1on dcolinod as the 10ve'1 of notassium 

feeding rose, indl,c ating that the 1 at tel' by 611COur aging 

excretion in urine impoverished tho body of the mineral. 

In faeces, on the other hund, phosphorus exorotion was 

raised tremendously as a roaul t of the vJidan.ing of the 

sod1umJpotasslum ratio. 

(d) Free water ingestion was round to increase 

enormously as the level or tSHd1nr:; or the sodiums 

pot ~lS ';ium ratio inoreased", It s outgo thrau~h urine also 

inoreased simultaneously and the inerc ase 1rn~g at times 

four fold oompared to that in t he control., 

(e) The pot*i.~sB11lrll f'Gac11ng (wide sQ 111umapotas:Jium 

r ~)tio) w~(s also fO'lUld to incl'e ~~sc the w'~ta:r ractnirenent 

par uni t of (lry mat tar ingested G 

It is, therofore, concluded that high luvel of 

potassi'ml f.e~· ling in rel.<,t1on to sodium raises the \trater 

intrilte and prod:tlCes diu.resis. It also considerably 

lowers the phosphorus retention in tho body and 

impoverishes the bony of sodiunl. But, othorwise, it 

has no adverse ettect on the d1gestibil1 ty Qnd ro1;ontion 

of oommon org~ia anti 1nol'llgonlc nutr1ents~ 
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