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PREFACE

1411 flesh is grasz', This biblical saying has
beon found true even for milk production. Fory it is now
agread that the feeding of grasses slone can not only
meintain a d.lry animal in good health but algo sustaln
milk production to the extent of 2-3 kpg. per day, Feeding
of concentrates to dairy anlmoals, particularly te the low
vielders, belng generally uneconomlc, efforts from time
to time have been made to replace them by grasses, espeaially
of the leguminous variety. Such green feeds, however,
may qontain ag much 88 4 per cent of potassium in the dry
ration against a computed requirement of Q.86 por cent for
ruminuints, either adult or rapidly growing (Ward, 1966),
Some of thenm maylalso contain much higher smounts of
potassium as compared to sodium glving a wide potassiums
sodlum ratio. In practice, although this high level of
potassium ls wpparently well tolerated by such stock,
there 1s somae evidence that this nay nevertheless have
Injurious effeat on nutrient motabolism and induce
hypomagnesaemia (Corbery g ale, 19373 Talapatra gh alo,
19425 19483 Ward, 1966). Indeed, Bunge (1873), on the

bagls ruther of mesgre data, postulated that an excess of
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potagsium lmpoverlshed the organism of godium and chlorine
ralaing their requirements in the process, That a high
ratio of potassium to sodium (L0 or 1131) reduced the
agaimilation of nitrogen, calcium and phosphorus in young
growlng plgs has been reported by ilchards gt al. (1927).
Orr (1929) has concluded that the effect of & high |
potassiume sodlum ratio was most likely to be manifested
vhen the supply of other nutrients wore low and these
obgervitions of Richurds gt al. and Orr have found
corroboratibn in the study by Zuntz (cited by Russel d
Dunéan, 19668) who noted malnutrition and pica in animals fed
a ration high in potassiumisodium ratlo and low in calcium
and phosphorus. The Duteh School led by Brouwer (clted by
Russel and Duncan, Jlog. git.) #lso suggest that as grazing
animals like cattle and sheep normally consume potassium
in amounts much larger than thelr requirements, 11l

health often leading to hypomagnessemia grass tetany may
result from & deflclency or surplus of the total alkall
(potash + soda) and alkall earth metals (caleium end
magnesium) or an imbalanee of salkali radicals inter ge
(Russel and Duncan, 1og. gilte)s Sodium and potassium,

on the other hand, are Mnown to serve the needs of

great many rumen organisms during growth (Hungate, 1966),

while potessium at certsin level, saccording to many
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workers, improves cellulose digestion and plays an active
role 1n plants in the synthesls of protein from non-

protein nitrogenous sources.

There, thus, seems to be much grounds for
thinking that high potassium ingestlion or a wlde
potassiumisodium ratio affects nutrient metabolism. Further
study. isy; therefore, indicated on the level of potassiums

sodium ratio yis-g~yls certain nutrient metasbolism. Work

on ruminants, especially, %o study the role of potassium
in metabolism does not seem to huve been done in any
systematic manner so far. This 1z what has becen attempted
in this thesis, |

The thesls is dlvided into four Chepters,
including one in which rolev:nt literature on the subject
hes heen adequately reviewed, h.aummary accompanies euach
chapter followed by bibliography und a general sumnary

and concluslons at the ende.
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GHAPTEER X

Sodium and potassium belong te the group of macro-
minerals and are generally considered together along with
chlorine becanse of their certain comnon metabolio
funetiona, though they each huave their own independent
roles to play in plant and animal kinpgdoms.

In »lants, sodium strictly 1s not an egsential
nutrient, but it nevertheless affects thelr water relationg
end helps them to withstand drought conditions and
paptlally conserve or replace potassium, partiocularly in
sodium loving plants such as sugar-beet, mangeld, barley
eta. (Wallace, 1981). Potassium on the other hund is
considered with normal cell division, synthesis of
aarbohydrates oand protelns, reductlion of nitrates and
developmoent of shlorophyl ete, in them (Robbins at &le,
1961)»

In animals, the major portlon of sodium is
present in extra-cellular fluidd and that of potassium
inside the cells. Thelr basioc funetions include

naointenance of (a) osmotic pressure; (b) acid«hase
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equilibriumy (¢) passage of nutrients to snd from the
¢ells and (d) water metabelism in general (Maynard and
Ioosli, 1962). Both of them are concerned with museulan
contraction have ontl-cosgulant properties and sre present
in brain, bone, musales, teeth, blood, milk, saliva ete.
(Osexr, 1965)s As to their independent roles, sodium ia
concorned wlth catalytic effect on ensyne activity, normal
asppetite; welght lnaresse, stoxuge of Lot and 1ve synthesis
along wlth protein, whiie potassiun inside the cells uids
in the engymatle transfer of shosphate Lfrow /TP to pyruvie

acld snd has & yole in a nuber of obther haslce engymatie

reaations (Oser, Jlog, cib.)o.

Ll L L

Sodiwm and potagaivm imbaluncen

Thore appears to be no sveeiflo disedse resulting
from sodiny deflcloneys However, its luck cun cimse
rotarded growith, lowvered utilization of n»roteln and energy
and fullure of reppodaction. In poultey, ilts deflclenay
cauzoes 4 drop In wmight and epe nroaductlon a8 ulso the
occurrence of connlbulism (Maynard and Loosll, 1oge gibe).
Jows not setting sult show dn abnoemal. appebiie for it and,
muceh later, lustureless eyes and vough Lody-zout leading te
an wthrifty appedrance and a decsline iun hody weighlb and

milk vield (Tylery 1D6G). Hellferich and Denkeiy (1985)



N3ﬂ$

observed that cows deprived of sodium appesred Lo conserve
it by a drop &nnmilk vields On the other hand, poultry

are supposed to h:ve & low tolerance for salt, although
muach more af it can be tolerated in 8 mash with plenty

of fresh water to drink than vhen salt 18 given in drinking

water (Tyler, loc. gibe)s

Fobassium defliclioncy has been reported to have
been expsrimentally produced in several speaies (Maynard
and Loosll, loc. git

oaourrence of heurt leslonns, tubunlur degeneration of kiduoys

o)o BHesldes non~specific symptoms,

and othey pathﬂlegia&l‘ah&ngea and a lowaring in the
potassivm content of heart and other organs have been
observed, In mony its deflciency cauges lack of appatite,
muscular weakness and parualysis, as &lso shallow rapld
breathing, heart changes, sbdominul distension and mental
changes, like lethargy, apathy, delirium ete. (Wright, 1966),
On the other hond, large oral doses of potassium aduniniutored
rapidly have beon observed to be fatal to cows. Ward (1966)
stated that hypoumdgnessenis prags tetany was the only
pathologlenl situution related Lo hlgh potagslum intakes

in rumlnants,&nd this relatlionship was not clear. He also
reported that potassium might be partially responsible for

death of ealves suffering from diarrhoes.



The literuture uvulluble indicates that the water
demands for urinary exeretion of sodium and potassivm may be
a factor in the water turnover rate, but this has not been
investigated, However, the water intake and urinary volume

are directly reiated to gsodiwa and pctasaium intskae

Thus, Worth (19U 1928) obasrved that inereased
urination geen under naddy straw feading wag partly due 4o
highor potassium intake. Paelling of puddy atraw with Wapler
grapgs both of whloh are rich in rvotassinm haos beon renorted
to lead to enhunced urination (eited by Negi, 1965). Ray
ot al. (1047) and Pandittesekere (19562) observed that
diuresis wug yreducod on water woashed paddy straw fesding

which contained legs notassium,

On the other handg ingestion of alkall treated
paddy straw which contalned s very high amount of sodlum
inoressed the water intake and urinary volume (Wegi,
loc.gelte)a Wilson (1968) observed that the ingestion of

exgos8s sodiuvm increased the wubter reqguirenents and induoced

diuresis in sheoep.

Sodium and pobasaium redudrements

- Baboook end Carlyle (1906) determined sodium
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requirement to be 18 go. for 2 cow produting 20 1lb. of mllk.
Howevery for the growth of helfers, a ratlon providing only
1.8 go sodium was considered to be enough (Theller et &8le,
1927} DuToit st al. (1934) arrived at the same requirse
ment for growth but suggested 11 g. for a cow glving 20 lb,
of milk, which were luter put at 0,024 sodium in the ratien
for growth and 0.188 or more; according to wmilk yleld, for
‘milk production (DuTolt gt al., 1940)s Drouwer (1961),
hovwever, observed that cow can subsist on very suall anount
of sodium, suy, lass thén 0,1% in the dry matter of the feed.
Maynerd and Lovsll (log. git.) recownended gedium reguirement
during growth of ratg, chicks, plgs and cualves ag ranglng

from Q.1 10 Q.82 of the rubtion,

Comparativelys potussivm reguirements seem to be
higher. Dufoit et al. (1934) were the first to report thab
a pration providineg 0,327 potassium in its dry matber was
adaquate to naintain 2 zgsllions of milk production over a
period of two lactations. Telle gf al. (1964) found that
0 34% notassium in the ration was the minimum for growing
findshing lambs and that the optimum intake was 0.86%.
Roberts and 8t, Omer (1968) found that & potagsium level of

»8 to Q.64 of tho ration dey matber was sdequats for rapid
wolght gains in fattening asteers, Maynard and Iposli (loc.
gite) report thut the requirement of potassium virlos between
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02 8NP 0.3% of the dry natter for rats, plgs and chiokens,
vhile Ward (log. eif.) reports the same to be not more thsn
0.5% of the ration for ruminants and other harbivoraes,

including rapidly srowing sheep or cattloes

| Thé faot that plent products contain very high
gmounts of potassiun ey compared te sodlim railsed the
quastion of the sipnificance of sodium-potassiuom ratle

in the dlet. 1In 1873, Bunge (cited by Brouwer, log. gike),
on the basis of msagre daba, postulated thet an exvess of
potassium lmpoverished the orguanlesm of sodium and chlorlne.
This theory explains the apparently larger requirements fap
sommon salt of the hsrblvores than of obher speclesn, usg

belng due to the greater Ingestion of potassiua relative to

godium in leafy feed materisls. Maynard and loesli (lot.
glt.) alse reported that controlled exparinents with rata
and poultry indicated that there were vertain inters
relationshlip bebtween sodium snd pobsssiuzm in mebobolism. Fer
eximple, at lnadeguate levels of elthery the defilcilenay

gymptoms wors aggravated hy & lurge excess of the other.

Theiler gt 8l. (1927) observed that growth of
helfers from one year te adult weight on rations low in
sodium and chlorine but with a Kq0 1Nay0 ratio of 121l or



w Y w
B

on ones low in sodium and hich in chlorine but with P
Kn01Nagh ratio of 2011 or 30:1,' Or even on ones low in
potasslme, was not affected when the ratlons themaelvesz
- provided 1,6 ge sodium and § g. chlorine dally, bub calving
ebnormalities wore there. Russel and Duncan (1386)
aalgulated Thonas gh &l. (1948) 's data and found that the
raties of potassiumisodium for normal pasture prasses and
for legumes lay betweon 1611 and 8011 respectively.
Glendening g% al. (1962) found the ratlo to be as wids ag
5411 for pralrie grass and hay in Xansag. In exporiments
on young mrowlng plgs, Richsrds gt al. (1927) found that
when the patio of petassiun to sodium was 10 or 11 to 1,
agoimilation of nltrogen, calofun and phosphorusg wie rzduced.
Orr (1928) conzldarsd that ths effest of a high pobtossiumi
sodivm rotlio was nost likely to be minifested when the
supnly of other constituonts was low, These observations
of* Richards gt sle (lgoe gite) 4nd Orr (lgs. cile) find
coryoboration in the study of Zuwts (elted by lm‘asel
snd Duncen, 19686) wvho found melnutrition ond plea when the
ration contained not only o high potugsium-sedivm ratio

but wis elso low in cslodum and phosphorug,

OGrasses &re by far the best Pfeed for gatile, The



fooding of groeons alone can no%t only muintain a dairy animel
in good heodlth but algo snataln milk produation to the extent
of 2-3 kgo per day. PFeeding of concentrates to dairy enimalg,
particularly the low ylelders, bveing generally unadenomic
efforts from time to time have been made to replace then by
grasses, especially of the leguminous variety. Such greon
feeds, however, may contain as much as 4% potassium in the
dry ration against a computed requirement of 0.5% for
runinants and other herbivores including repidly growing
sheep or cattle (Ward, log. glt.)e This 18 u very high
level of potugsium Ceeling end although spparently well
toleruated by ruminants, 1t may nevertheless huave injurlous
effects on nutrient metabolism and induse hypomagnesasmd a.
The injurlous effect of paddy straw feeding on mineral
metabolisn is a&lready well estanlished (Corbexy g% &le,

1937, Talipatra et ale., 19423 1948), In aspite of cangidere
eble work on the subjeat, the part which potassiua nlays

in this impaired nineral metabolisy hags yot Lo be eluoidatod.

mothey fmportont fodder corop 13 herseom

ibun) which during the winter months

often forms the sole feed for dalry cattle in certain perts
of the sountry and containg almoest double the amount of
potaasium present in paddy straw, which 1o the principsl
roughage in rice growing aress. Whether such & feeding
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reogimen adversely affeats the mineral metabollsm and
health of the animals is not yot inown. On the other
hand, that potdssium pleyd an asgeontial role in plants in
the ﬁym:heéis of proteins from non-protein nltrogenecus
gourcas is well known. Potassium also seems to effect
cellulose dlgestlion (Hubbert @i A&l., 19585 Knox g% &l.,
19685 Ledteh and Thomson, 1944gWard, Joc. gite).

Ffarther work 1s npeded on the relation of tha
potassium level in the gastro-intestinal tract to ths
ebgorptlon of ocalaium and nagnestiun, a3 dletary
potagaium is sisted to tile part in the etiolopy of srass
tetary (Ward, log. olta.). Work on riminants, specifically
to study the role of potasslum on sll these aspects doen
not sewm to have been attempnted so far, whlch nrompted us

to undartake the pregent inveatlgution.

dgaln, the huteh Sohool hold that 111 health in
graging andnuis moy srlse from oy may be promoted by a
deficiency or surplus of the totul alkali (gsodlum and
potassivm) tnd alkali esrth metals (ealecium and magnesium)
or &n lwoslance of salkall radicals
Dunining doge tlte)e 48 grazing snimuls like cattle and

lnter-aa (Rugsel and

ghaep normully consume potassium 4n high emounta ds gompared

to thelr requiremenbts, it 1ls logical to assume thet
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imbalance of alkaoli radicoly can oxist uwnder grazing
gondltlons, 3o, one of the objedtives of the present
investligation was to siudy the effect of varying ratios

of potasslumigodiun, by supplementing potassiun to the
bagal ratlon, on the metubollon of minorals in adult sheep,
keoping the levelsy particuwlarly of ecilolum and phogsphorus
ag far as practicable at thely royuirement. FPotogalun

supplemnent was offered in the foam of potassium chlerdde,

Bpcondly, 1t is knoewnm that sodium end potassium
sorve the needs of great many runen orgenismg during
growth (Hunpgabe, 1966) and they ~long with hicarbonate
provide the necessary optimm condlition for basterial
Tormentablion and digestion. Thus, the effect of warying
the ratio of potasslumsadlum on the dipestibilities of
proximate principleos and metabolism of nitrogen was also

made the subjecet of studya

Talrilly, op vory iittle work has boen done on

Yo

the weber requiranent and water tuen over rote an arfecied
by high potasaiinm lets (Woed, looe gife)s tho water

mnotéholisn atuwdiey were 4lso wdaprtaken ot Lhe Same tim@.
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The relevent literature availlable on the subject
has been adeguately reviewed and the objJect of the study
delineated.

The avallable information on the essentlial roles
of sodium and potassium, thelr requirementsg in the body,
thelr deflciency ond toxleity and the importance of the
rabio between sodium and potassium in animal nutrition
has been fully dliseussed and the lacun&e in our knowledge

on the subject stated.

feom the literaturo it appears th:t very little
work has been done on the subject usnd, particularly, in

India no work of this type has been undertoken ao fare
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CHAPTER 1T

MATERT ALS D METHODS

4 brief account of the experimental teachniques
and the methods of anulysis adopted during the eourge of

two experiments conducted in the present investigution is

glven belows

A successfual evaluation of tho results in any
experiment depends upon the sensitivity and accuracy of
the exnerimental technldues smployed. Keeuing this faot
In viewy, best efforts hove been mude in every aspect of

this investipatlon.

iy prouping

‘"he nuture of tho investigation undertaiten demsnded
that the work should be c.rried out on ruwinonts. The
experiment wus, however, designed to be conducted in sheep
ag per the avallablillty of animals and econony in feeding

and management practices.

Twelve heslthy sdult sheep (male) of loval bresd,
aged between 2 and 24 years and welghing from 20 to 30 kg,
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were selected for the axperiments. The animols were lept
wnder observatlion for a fortnight and durlng this perlod
daily rectal Lemperature, pulse und resplration rates were
noted whioh were found normal. Thelir faecal samples were
also exanmined for intestinal perasites., As some of the
samples showed posltlve tests for strongyles (nematodes),
a1l the animanlsg were dewormed by doses of Phenothiazine

(15 g. each), which 1s a speclfic wntihelminthic drug

drug sagalnst a number of commwon nematode parssites ocourring
1n these aninils. Only when the feecal exdmination revaanled
negative results, the snimals were put to pre-experimental
feeding. These precautions wvere Laken o ensure o hoealthy

stook tvo start with.

The animals were divided at rindom into thres
proups of four animals after forning 4 hlocks of 3 mnimals
euGhes One of the groups served ug control and the other
two Por different treatwments, l.e., dlfforvent levels of
potassiun feedlng. The trenbnonts alse were rindomized.
FPor the purpose of the second exvorimont thut was conducted,
the mmimnals were rogrowed oxactly on the pattern as
outlined before., The initlial live weipghts of the animuals
recordod in the begianing of the two ewneriments and

detall of thelr grouplng have bhoeon pglven In Table I.
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The n«ture of the present invastigmiicn denandad
that the bagal ration fod should be ad low in potassium
&s possible. Sheep generally prefor soft leafy fodders.
It was, therefore, decided that the animals should be
naintained purtly on a green feed which 18 mv:ilable throughe
out the yoar snd ot the sime time hlghly palatable.
Cultivated fodders like pgreen jowur, malge, ete. were
eliminated, because nost of them becone so stommy after 3 orv
4 nonths thot sheop can aelither consume thoen sufficlsntly

nor utilise them properly. Pakor (Iicus infestoria)

lenves, o tree-leaf fodder, which are available green
pragtically throughout the major part of the yeoar were

used as a part of the basal ration, especially becanse of
their comparetively low potuash content and hipgh paluatability

for shaob,

To ensure & balenced melntenance ration it was
considered advisable to meet up at least 50¢ of the
proteln regquircment of the individual animals in the form of
a concentrate nlxture composed of 2 parts of erushed
malze, 1 part of malge starch and 1 part of degorticated
groundnut ¢ske. Wheat bhoosa was fed ad Jibibum to all
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the animals to neat thelr ‘'dry matter'! and totale

digestible-nutrients® requiroements. Agy howevaer, wheat

bhoosa contained relatively high smountg of potassium,

it was aocked in water for 24 hours, washed thoroughly

snd than drled in the snu. This washing treatment wasg

done to remove, as far ag possible, the soluble salts of
potagaiumm (viz, potassiim oxalates, eto.) present., The
ration was 8o deviced a8 to moke the sodiumspotossium ratio
in the experimental ratiéns prograssively wide between the
groups, Thelr ratios in the three growps were apyroximutely
1:3, 110 and 1319 respectively.

nesting the requirement of this nutrient of each animal,
Wheat bhoosa was fed as such (l.2.5 unwashed) in order to

have a difforent set of ratlos of sodiumipotasslum ingest-
ilon in between the groups of animals, the mnajor part of
potasaslun in which coming from the feads., The ratios are
approximately 1:4, 118 and 1111 respectively. The average
chenleal composition of ingredients of the basal ration
throughout the feeding perlod of eseh experiment 1s set
out in Table II.
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In order to avold, as far as pructicpble, the
varlution in the chenlaal couposition of the bagal rations,
the concentrate mixture was prepared in smounts to lagt for
the whole experimental perlod, and so wus wheat bhooga
stored, All the ingredlents that made up the ratlon were
chenlcally analysed before starting esuch of the experimenta,
and the basal rution was computed on this basis. Uraded
doses of potassium in the form of of potussium chlorlde
were fed as supplement to raise the potassium intake upto
the desired levels. PFeedlng wes done according to the
schedule glven in the H.R.0e roport "futrient requilrements

of sheep' = Revised, 1957, at Just above the naintensnce

lovels

The aninuls were housed under hyglonie condltions
and necessary precauntions taken during winter 1o prevent
the anlmals from exposure 0 colds Throughout the
prelininary feeding perioed, the animals were let loose
every morning for exercise In the open air, with muzzles
on, 80 that the enimals were unable to take any feed
outside, While feeding in the shed, the snimals were tied

properly from both sides in order to prevent them from
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gotting access to the feeding troughs of their neighbours.

(i1) Feading nd wateping

In the Tfirst experiment the animals were fed
thrice a day, while in the second twice a day., This wus
due to the noburse of the two rations fed, otasslum is
known to have a diuretlc effect and 838 oxoessilve
aogumulation of potasalum in the body mey esause toxleity,
44 1ibe. watering of animals abt least thrice a day was
considered sgsentisl in these exworimgnts, under high

levels of potasslum feeding.

T™he coucentyate gquobta of the ration for e¢ach animal
wag welpghed and offered dally ab 9.30 4.M, indlvidually
in galvanized Lron troughs ag-lgned to aach animal
separately. Yhen the conacsntrate mixture of'fored wus
conpletely eaten away, ¢lean wholesome drinking water was
offered liberally in measured qu.ntities to esch of the
aninuls in order to study thelr water metaboiism, The
aninals ware then let out for axercise, with muzzles on,
undaer the care of =n attendent. Pakar leaves wore offered
In the afternoon followed by wheat bhoosa, whlch only was
supplied ad 1ib. mvery tinme water was offered the ount
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drunk was reecorded. The guantities of wheat bhoosa
allotted to each animul wag so adjustedy during the first
few days of the nreliminury feeding perlods of beoth the
trials, thut there wag little residue left over in sach

Cande

Herey the basal ratlon comprised of green bergseem
and unwashed wheat bhoosa onlye. Berseen 1s rleh in potassium
ond wheat bhooma also comgtitutes o good source of this
mineral. The central ldea of chooging this fecding roegimen
is (8) to limit potasslum lngestlon, us far as possible,
fron natural feeds alone and xlso (b) to study the effect
on metabolism of ratlog of sodiumspotagsivm other thun
the ones used in the Lirst experiment. Yolghed quantities
of green berseen allotted to ezch animal were offered at
9:30 AeMe dally in the 1ndividu$l mangaers assigned to each
animéls It was usnual for the animals to econgsume the whole
of the borseen offered in an hour or 8o, They were then
watered wnd let out for exercise as usual, ‘heat bhoosa
wos offered in the afternoon mnd its quantity consumed

reanrded.
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The animals were Initially welghed on three
consecutive days to elimlnate variabllity. Thereafter,
weekly wolghuents were carried out and the adequaoy of
nutrients checked out. The weishings were usually done
aurly in the morning before uny feed or water vas offered,
The snimals were also weipghed both ot the start and at the

end of collection period in each trial.

Pobassion chlordde (KC1), B.P. quality of &. Herck
neke, which contained 82.3% of potassium on rew basis formed
the mineprsl supnlement. It wes added to the concaentrate and
haker leaves quota of the basul ration of the First experiment
and In bersgeon Iln the second at two graded levels so thet
the total potassimy Ingestlon in the first experiment came
approximately to 8 per cent and 4 per cent of the dry
rotion and around 3 and 4 per gent: in the second. The
control groups in the two oxperiments consumed about 0.7 wnd
1e8 per cent potassium respectively from the rutlons alone,
The supplemental feeding of the salt (KC1l) was Inltiated at
a low level wnd then ralsed slowly to bring it to the

lovels deslired in about & weekis time. VWhen the full quota
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of potassium ohloride was fed, then only the preliminary

feeding started.

These high levels of potassiva feeding were
adopted on the bagis of conslderatlions discussed in

Chapter I.

Twe mebtabolism trisls wore conducted during the
sourss of the present investigution. RBach trluel wos
preceded by A preliminsry feeding period of 16 days,
followed by & 7 day collectlion period on the basis of the

following conslderationg.

In all metabolic studles, a preliminury feeding
poriod vavrying from 2 to 4 weeks is uaually considered
necessury to eliminate the effect of the previous feed,
although Heuilton of &le (1927-88) by using alfferent
indicators found that « three day preliminiry feuding perioed
in the case of ruminsnts was sufflelent to eliminate the
reslidual effect of the previous feed. According to
Mitchell st als (1832) also, longer prelimin.ry feeding is
un=necess ry. The longth of gollestion period in digesti-
bility trials ls likewlse a matter of controversy. While

longer collection period may gecure more ascurascy, it



= 23 -

Increases the labour,; expense, and even the risk of animal
glcknesy ete.y which nuy affect the results adversely.
Staples and Dinuason (1961) by comporing the relative
accuracles between a 7 day and & 10 day collection periods
coneluded that & 7 day colicction perlod could replace a

10 day pnerdiod within reasonuble linmits of ascuracy.

In the present investigatlon, therefore, &
18 day »relinmin.ry feaeding period was followed by a 7 day

gollection period,

(11) Sumpling :nd nreservobion

& rogular routine as deseribed before was followed
in feeding wid wabtering the animals during both the experie
mental and pre-sxperimental feeding poriads. /?cr the
purposes of gampling, the concentrate mimture‘was
thoroushily nixed bafore offering to the aimals nd a
roprosentative samples (sbout 4 kge) was taken daily during
the trial period for dry mottor detormin.tion, md subsequent-
ly the dried muberiial of each duy was pooled mmd praserved
in o well stopnered hottle for chemlenl snalysls. Simil.rly,
& reprosentotive sample of vhoat hhooss (sboud + Kge) was
tiken dally and after dry mattor determination wng pooled

dngd preserved for snalysis after nllling.

In tha cose of graen berseem or pokar leaves, &
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renresentubive sample (about & kg.) was tiken out dally from
the lot ot the tlume of feeding, after shopping well, two
rapresentitive sunples were tolen for dry mabtter and orude
protelin estimations, The drlied muteriul of each day, after
molstura deteruination, was pooled snd vreserved for further

antlysis affer nilling.

The wheab

quantitatively collected for eadh animal, weighed und

bhioosa residues left over doily were

progserved. HNecessary eorrecstions in the consumption

wera later introduseds The total residues of all the
aninals wers thoroughly nixed together in a lot and then
& truly representative swample was taken to the laboratory
for analysis. After dry matter determlnitiong the wheat
bhoosa residug was proserved in woll stopnered bobttles for
furtnor snalysis after nmillling.

Ag the usual convenblonal nethod was followed for
the metabolism trisls, the animals were shifted from the shed
to the rnetsholism stall fitted wlth the usual conwvenlences
and the oolleoctlions were token in the usual manner. The
snimals were harnessed with faecal and urine collgction
bags three days before the start of amobtual ecllection in

order to acolimatige then t0 the harness condition us well
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ag new enviromment, During these days ths collections of
fasces and urine,; although taken, were rejected after

wodlghing ond measuring.

iring the astunal oollection period of 7 days, the
faeces and urine voided in 24 hours were collected and
presorved In sepirate contalneras (plastlie buckets for fasoces
und three litre glass bottles for urine) for ssch animal
with the help of truined asttendants keeplng coastant
vigllises. The dally faecal exeretions (24 hours?! collect-
ions) were asccurately woelghed ut a prriicular hour in the
morning. HNewbt, the fnecesn of ouch animel was nixzed
thoroughly md e representative saimple obtidned in a wide
nouthed bakelite stopvered glass bottle beiring the brand

numbar of the animal.

Bimultaneously, the 24 hourly ccllectlons of urine
from eath animal olso wore securately netsured and after
atirring well a representative semple of sbout half a lltre
was token in a rubber stoppered glass botble assligned to
sach wnlmal separately. /All the sinmplings were completed by
De30 Asle dally before offering foeds to the aninals. The
aumplen of fasces and urine wore then hrought to the

Laboratory for further aliguoting nefore analyslss

It may be mentionad here that B mls of tolnene
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was placed as = presevvative in each collection bottle
before each colleotion to avold bacterial formentations

during each succeeding 24 hours.

All prescautions were taken to avold contamination
of the samples from sxtraneous sourees right from the time
of collection to the time of final egstimution. To prevent
any decomposition and subsequent loss of smmonia, the urine
gemples were aliquoted first and the faeces samples later as

degceribed healow.

Urine

Refore aliquoting, the speeific gravity of each
urine sumple was determined by means of a urinometer., Thore
were luvge variations in the uwrinary output of different
groups of anlmzds in eseh trial and, thervfore, the urine
samples wore aligquoted groupwise., Different aliquots

wora taken for nitropen snd mineral estimations,

For nitrogen estimation, the c¢aleulated
guantity of urine aliquot for each animxl was acourately
plpetted out into the respective Kjeldahl f£lask (800 mle.
eupacity) assligned to each sumple, in duplicate, sontaining

40 ml, of concentrated sulphurle acid. The flasks were,
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then properly covered and kept in place for the next
day's aliquoting. Thus,; the allguots for 7 consecutive
duys for easch enimul were pocled together in the sane

£lask for digestion.

fimilariy, for mineral estimations, the

galeulated quantities of urine aliquot for individual
apnimale were plpetted out into the respective welghed
vitreosil basins, in duwplicstes. The smmples in the
basling vere dally dried over hot water bath and the next
day'é frash aliquots were sddad into the smme basing.
When all the seven dayg' pooled asamples were completely
dried, the basins wore welghed again to determine the

total golids andlthen kept for ashing for mineral estimate

fonge

Afbor discapding the top layers of faeces fronm
oach collected sample, the caleulated aiiquot (1/20th of
the total exeretion per day) for dry matter determination
wag accurately welipghed sand taken up in a elesn welghed
petridishe The sample in the potri-dish was evenly spresd
out with the help of a horn spatula wnd dried in a hot sip
oven at 100°.108°C for 24 hours. The dry matter in the
faeces for each anlmal was thus estlimated dally during the
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trial period, and tho dried material was pooled and
pregserved gseparately for esch animal, At the end of the
collection period, the dried faesal gimples were milled in
a llling machlne and then preservad in well stoppered
bottles hearing the brand numbers of the animals for

chenical anslysls,

Slmnltaneously, separute aliquots (1/50th of the
total fresh fasaes volded per animel per day) for nitrogen
estimations were ascurately weighod, taken up in a porcelain
mortar, mixed up thoroughly with about 10 nl. of 964
sulphurio asld for fixation of nitrogen and then preserved
in wide mnouthad well stoppered welghed bottleos assigned to
each animal separatelye. Aftor the collection period of 7
days, the bottles were welpghed agaln and the pooled sumples
in each bottle were thoroughly miwxed upe. A sultable
aliguot (ea 10 geo oach) was then taken in a Kjeldahl flask,
in duplicsate, containing 30 ml. of concentrated sulphuriac
acid for digestion. Since, considerable logs of nitrogen
takas place durlng drying (Kleiber gt al., 1936), the

nltrogen in faeces was estimated from the fresh sample

onlye



In the tourse of the present investigation, the
nethods of cshemlcal analysis recomaended by the 4,0, A,
(1980) were gonerally followed for the estimations of dry
matter and proximate princlples, while for the mineral
eatimations the methods adopted were the 4.,0s:48.C. methods
&g modlifled by Telapatra, Ray and 8en (1940).

Peeds, feed residues, ond faecal sumples were
analysed for dry matter, orgénlc matter, crude proteiln,
ether extract, ocrude fibre, nltrogen-free extract, minarél
matter, total ash, caleiumy phosphorus, megnesium, sodium
and potasslume. Nitrogen-free ¢xtregt and total orgenie
matter were, of course, found by difference. The reaults

have heen reporfed on per aent dry mabter basla,

Urine somples, on the other hand, were snalysed
for total sollids, total ssh, nitrogen, calelum, phosphorus,
magnegium, sodivm nd potasgiumy and the resuits hove boen

raported as *total exeretion in urine per dayt.

In all the estimations, the averages of duplicate
results huve heen reported, A4 brlef outline of the analytlaal
mothods employed in this work 1s given below:



On proper sampling, & welghed quantity (8-10 g.)
was taken in & clean and dry welghsd molsture dupe The
material wes dried in the hot alr oven at 100%-105%C for
24 hours ond welghed again. The dey mutter percentage of
the samples wus seprately determined each time so that
the results could be expressed uniformly on molsture free

bagis.

This was carried out by the wsell known semi-
nicro Kjeldahl method, After the usual digestion with
concentrated sulphuriec acid in the presence of a catalyst
(1 g. coprey sulphate + 10 g. anhydrous sodium sulphate)
the distillation was carried ocut with excess of 404 sodium
hydroxide solution added to liberate ammonis, the distillate
being colleeted in a known volume of atandard sulphuric
acid containing methyl red as an indicator. The flgures
of nitrogen found were, as usual, multiplied by 6,25 to
obtaln the protein content. WFor ascuresy, a blank was run

with all the reagents used, every time a bateh of distillate

lon was performed,
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(e) HEstimatlon of ether gxhrac

Tther extract was estimated by the usual Soxhlet
method of extraction as per recommendations of the A.0.4.C.
(loce glto)s After complete removal of the petrolewm
ethery, the o0ll flask wua weighed to a constant welght to
got the welght of the ether extiracte.

The usual Weends method of ¢rude fibre estimat-
lon was followed, ubtmost <care belng exercised in regard to
the perlod of boiling, Pfiltration, washing ete, The waghed
residue wan quuntitatively transferred in a welghed
crucible und dried at 100°C to s constant wolght., The dried
regsldue was then ashed, cooled und welghed sgaine The
loss in welpght on ignition geve the welpht of crude fibre

content.

The percentage of nltrogen-free extract was
found by the method of difference by subtrvacting the sum
total of the percentages on dry basis of crude protein,

ather oxtract, ornde fibre wnd total ash from hundred.



A welighed quantisy of the powdered sample taken
in a vitreosil bagin was ignited, first on a low £lamo to
char the materlal and then in an eleatric muffle furnsace
to ash 1t at 560°C for sbout 2 hours. It was cooled and
walpghed again to get the total agh contente The total
orgenic matter nercentape was then obtained by subtrseting

the percentage of btotal askh from humdred.

Talclum was estimated In the hydroohlorle acid
extrant of the ash by the nothod of HeCrudden as modified by
Talapatra, Rey opd Sen (1040).

Calelun was proecipltated as colelum oxalate at a
pH of 4,0 to B.B. The washed precipitate of calelum oxelate
was then titrated hot agalnst a standard H/1Y potassium
permangunate soluilon, using concentrated sulphurle aeld
to liberate the nascent oxygen from the oxldation of
oxtalic aclds The result was calenlated as elemental

caleium on per cgant dry mattar bagls,

- Phoaphorus was sstimated by the methed of Neumaan
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a8 modified by Talapatra gt al., (loce git.), which is based

onn the prineiple th.t when a solution of phosphorus in &n
excess of Alute nltric azcid is trested with ammonium
melybdate, a canary yellow precipitate of muonivm phosphoe
molybdate [ (WH,)qP0,12M0046H,0 7 1s obtained.

The washed preslpliate of smuonium phosphomolybdate
was dissolved in a koown volmme of stonderd soilum hydroxide
galution arpd the erxceas of alhell was back titrated againat
s sbandsrd nlirie acld solutlon, using phenniphthalein as
indicator. The percentage of vhozvhorus was culenlsted on

the salementael husine

Mugnesium was estlmsted in the combined filtrate
snd washinge from calelum determinction by the 400640,
aks (J0C. olt.),; whieh
is based on the prineiple that the masmesium pyrophasphéte

method ap nmodilied by Talwpabtra gb

formsd by the 2dfition of 104 ammonium phosphate and sodium
eltrate in o gtrongly wmaoniated solutlon can he determined

grovimetrieally.

The washad precipitate of magnesium pyrophosphate
along with the filter poper wes dried and isgnited In an
electric muffle fumace at 600°C vhon o greyish-white osh
wag obtained. The weight of the ash gave the content of
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nagnesium pyrophogphate which was then calaulated ag

element al magnesivm.

Sodiwe and potagsium were estimated by the AcQsdeCo

method as nolified by Talapatra et al. (locs gite), a brief

outline of which is given below.

4 sultable aliquot of the prepared hydrochloric
extract, after evaporablon to dryness, was molstened with a
drop of HOL and little distilled water, bolled Por a few
minates with clear barybs wober until alkuline snd then
filtered hot to remove iron, aluminium, sulphates ete. The
dried resldue of the flltrate, after cooling, weas taken up
with 356 nl. of alooholic amonium~-carbonuste solution and
"shlrred thoroughly for § minutes. It was then transferred
guantitatively into & 100 nl. volumetriec flask and the
volume made upto the merk with the seme alooholle ammonium-
sarbonste golution. The contents were thoroughly shaken,
allowed to stund overnlght and then flltered to remove
caleium, barium ete. 4An aliquot of the Tiltrate was
pipetted out into & welghed vitrsosll basin snd evaporated
to drynesss The dry resldue wus token up with L ml. of
concentrated hydroshlorie acdd and & Little distilled wabar
and sgelin evsporated to dryness, The latter was carefully
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heated on a low flame until dense white fumes of mmmonium
galts no longer uppeoraeds, The mixed chlorddes of sodium
and potassivm, after cooling in a dessleutor,; were welghed
and dissolved in a littls hot distilled water und then

tronsferred quantitatively into B beaker.

The nixed chlorides were then trezted with per-
chlorie scid (sp. gre 1l.128) to trongform the potassium
ghloride into potassimm perchlorate whieh was laster
seporated out in presence of 98¢ aleol.ol and flltered. The
vashed solid potassium perchlorate on the filter puper was
dissolved in hot distilled wabter by washing the filter puper
thoreughly and the solution was received in & weighed
vitreosll basin ond evasporsted to dryness. The dry residus
was hested on & low niked flume taking care thut the solid
potagsium perchlorate did not melt. It was cooled in a
degioecator and welghed aguin to pet the welght of pobassium
perehlorate formed, The amount of potassiwm chlorlde was
galenluoted and by deducting it from the mixed chlorides,
the weipht of sodium chloride was obtalned. The elementul
gsodium and potassiuw were caloulated from the welights of

sodium chlorids and potassium perchlorate respectively.

The relavent daba concerning each trlal was



subjected to finulysis of voriance' individually sccording
to Onedecor (196l). Tho characters in which the *'F! ratio
between treatments came out to be sipgnificunt; wnd theip
group meansg were subsequently comp:red with the help of

Geitienl difference’ and the results discussed.

the basis for the selaction of animals for the
two exveriments, thelr ration schedule and supplements,
plan of the experimenta, feeding snd management of animals,
aliguoting and preservation of biologleul materials,
estimation of verious nutrients and the methods of enalysis
ineluding the statlatical interpretatlon of the data employed
durdng the course of the present invegtigation hive been

discussed in brief in this Chapter.
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Recent invegtigations on the mineral requirements
of the growing snimal make 1t inerecsingly evident that
the adjustment of the proportions of the lnorganle
congbituents of a ration requires as much consideration
as the absolute mmounts of these elsuents in the diet.
Even though a mineral 13 present in z rabtlion in sufficient
amount for the animal's roquirenenis, the presence of
othor minerals in wnsuitable proportions ney lead to
insulficient ssslullatlon aud retentlon.  The imporisnce
in snimad nutrition of this balaneing of the ration has
been frequently emphasised by Orr (1924), who guotes
vorlous instances of the interdapendence of the different
minersl elements. Of sneclal interest in this comnection
are sodium wnd notussium. The lmporbtance of the ratio
of these t0 euch other In the diet wag discussed by
Bunge as long ago as 1873, and since then the ratlo has

roacelved nore attention then the absolute requirements of

@ athe



4 perusul of the review of literature in Chapter
I would Indicate that high potussivm intake or wide
godiumspotasaimm ratio cun disturd mineral metabollism by
the animals. Richurds at al. (1987} observed thot when
the ratio of sodiumipotassium was 1310 or 11, even
nitrogun assimilation was reduced in growilng pigs, Watey
intake and urinsry volume are algo directly related to
godium end potas Lum intake. Ward (106C) observed that
water demunds for urinary excretlon of potasslum may
be a factor in waber furn over rate, bub this has not
bheen investigated. Mo systematic work on these aspoocts
has begen econducted in runilnemits, which prompted us to
undertake the present investigation. The results obtalned

are presented in this Chopter.

Ag alreudy indleated in Chapter II, twelve adult
sheop were employed in the present study. Thelr prouping,
mode of feeding snd other experimental detalls have been
outlined sarlier. After 15 daye of preliminary feeding
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a metabolism triadl extending over a 7 daoy period was
condueteds During the trial period the levels of sodium

and potassivn feeding were as shoyn in Table III.

It will be seen froum Table IIL that the
percentage of sodium in the basal ration on dry natter basis
(0.288) was adequate ag per the reguirement sugrested by
Muynard and Toosli (1968) and the percentage of potassimm
vrogressively ineressed from 0.77 t0 4038 ms per the
planning of the experiment from the first proup to the
lasts Likewlse, sodlumipotussium ratio us well as sodium +

potassivm ingestion also systematically incressed from

group Lo group.

The data reparding dry mabter consumption and
its digestibllity are presented in Tshles IV and V and the

live welipght records of the whole feeding pariﬂﬁ in Table

Vie

Tt will be seen from Table IV that the animals
inpested on an average 31.81 g.g 30,31 go wnd 20.9L g. of
dry natter per kge body welght In groups I, I1 and IIX
respactively, which appeurad to be higher than the N.RaC.
{1957) recomnendutions, 1.e., 2,6% of the live welght or
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A6 go ver kg. live welght on a ration containing 804 dry
matter. The ratlion fed was evlidently palatable. The

live welght records given in Table VI, however, lndicate
that the anlmuls maintained their live weights during

the short perliod of 25 deys wlth dlffliculty and indeed in
the potagsivum supnlemented proups there was a small
depression. This secms to be in hormony with the observete
lone of HMeyer wnd Colm (1911) who stated thut potasslivm
salts, as o rule, caused o logs of welsht (oited by
Rlchards ef ale; JoCe 2ite)ds

The datsa concerning the total dry mabter ingested
dnd 4te dlpestibility coeflicients preseonted in Table V
were subjected to anslysis of variunce. The IFY ratlio
within treatnents was found to be slignificent ab 6% level
1B the case of total dry mabier inbake only, The results

of analysis of varlonce has been set out in Table VII.

Ir the e¢use of totul dry matber labake, Lt will
ba secn from Tables IV and VII thut the memny of experi-
mental groups were not statistieuldly different from one
another, though both were significantly different from
the controles This shows that a change ol aversge sodiume
potaggivm rutio from 133,85 to Lil0.4 tends ty depress the
dry matter consunption signiticantly and is mot further
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affected vhen the ratio hecomes a3 wide as 1:18.2,

The digestibility duta of cyude protelin, ether
extrast, crude fibre and nitropen-free extract are presented
in Teblea VIII, IX, X and X respectively. In addition,
actual TeDulls ingestion during the metubollsm trial as
sompared with the He.ReCa (loce 0lt.) recomendations for
identical welghts hus been caleulated and inoorporated dn

Table XII,

It will be seen from Table XIL that the animals
had been ingesting uore T.Delle thin thelr stipulated
requirenantss C.P» ingestion likewise as shown in Table
ViII had been more than adequate a8 per the YeHsCs (log.

1t,) euleulated allowances, which are 2 g. per kg. live

welght,

The gverage digestibility fipures of crude
protein piven in Table VIII indleate an increuse from
33,38 in the conbtrol group to 38,83 mnd to 42.38%
ragpeetively in the two potassium supplemented groups,
thoge of ether extract increudsed from 46.27 to 64.12 and
to 58,414 (Table IX) and of nitrogen-free extract (Table
X)) from 855,92 to 59,79 end to 60.464 from group I te II
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and to IIT respectively. In tho case of erude fibre,
however, the average digestiblllty Flpures shown in
Table X; show a decreasing trend from 56,40 to 56,84
énd to HZ.33 In groups I, IT and III reapectively.

then the digestibility data of each nutrient
weg subjected to snalysis of variance, the 'F? ratio
between Lreatments cans out to be significant abt 5%
level in the case of nitrogen-fres extrasct only. In 21l
other ¢uses, 1t was not sipnlficant even at this level,
The resullts of analvysis of variunce are gliven in Table

X1I1.

S0 far ag tho digestibility of erude fibre
is goncerned, our resulzs do not tally with the

following observationss

Hubert et al. (19588) chserved that potassium

wag esdential for cellulose dlgestion in an in vitro
gystem. Baleh and Johnson (1980) showed that a higher
noisture content in tho rumen, as a result of potassium
feeding, fuvoured cellulose digestlion by the cow,
Tnereases in potassium Intake were related among others
to increases in crude fibre intake (Knox gf al., 1065,
Leitch and Thomson, 1844}, 3dmnltanecusly, a nmumber of
¢pialys with aattle and sheep fed hiph graln rations or
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rations containing corn cobs as roughoge hive shown thab
lmprovenents in digestibility mnd welght galns could be
produced by sdding alfalfu or alfelfsa ash to the rations,
which contained much higher concentration of pobagsiun
than the bagal ration supplemented with a mineral
mixture supplying all. the lmown requirensnts of sheep
(Chappel et 8l., 19853 Ward, loc. giteda The

results of certaln experiments condueted by Gupta

{1987) hsave indicated that the digestibility of wheat

a nitrogen wag Improved when buffalo bullocks wero

offered rationg consisting of urea, whest bhoogs and

molasses, the latter two being rich in notagsiume

The belance doto of nitrogeng calcelum, phosphorus,
megnosivm, sodium and pebassium hove been set out in
Tables YIV, XV, XVI, XVII, XVIIY¥ and XIX respectivaelye.

From Teble XIV, it will be soen thot the totsal
emount of nitropen ingested wans about the sume in all the

grovps ond the ingestion was higher thon that recomasnded
.} fPor animele of siwilar

by N.ReCe of the Uebels (102 gdlb

body welght. 7The balances of nltrogen were slso positive
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in all the groups. But while in the contrel group the
intake and outgo of the nutrient wore aluost balanced
leaving a small positlve retentlon of ¢ 0.55 g on the
avevage, in,ﬁh@ potassivm supnlonented proups the
Tetontion progressively deslinsd zo that in the 4 per
gent potaszlun supplewsnted greny the lntake wnd outgo
Just balunced, Thus, although the decline was in
songonance with siwllor decline in inpestion, it sesnms
cbvious that large potassium ingestlon does not help

nitrogen rotention snd, 4f at &dl,; 1t depresses i,

That water washing of paddy straw iaproves
nitrogen retention because of the romoval of the large
amoint of potassium presert In it has been éhawn by Ray
gt 8l. (1947), Simil.uy Improvement in nitregen retention
when alkall treated puddy straw 1s fed has slso been
renorbed (Sen ot &l., 19423 Wegl, 1965), The latter
gonbaing more of gsodium than of potassium and 4t seems that
potagsium rather thin godium is invelved in this improved

ratvontion of nitrogen. In the present experiment slso

water-washed wheat straw wis used and a low potassive
ratlon was fed to the eontrol anlwals, 20 that the higher
nitrogen retention may be the direct resull of it. Buk
the statistioal treatment of the data shown in Table XX

does not support such a conclusion.
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Looking at the ealeims balance dats shown in
Table XV, It is found thut caleium ingestion from the
ratlon was alse similur in all the groups and the level
of its feeding was much higher than the recommended

ellowance, according to the N.R.C. (loc. e)s The

Lk

balances too were positive in all the groupg and of

‘&lmost similar order. It 1s also seen that the retention
was comparatively low againat an ingestion lovel which

iz regarded to be much hizher than the recomméended
allowance (1.8 g. culeiuvm/25 kg. body welght),

it, therefore, seems that petassium ingestion sg
such had no influsnce on eoleium retention and the

statisticeal wnselyeis shown in Table XX supports i%.

The phosphorus ingestion fligures set out in
Table XVI are within limits of the recomnmended allowance
(led g.P/25 kg. body welght). Iven so, therce wag a
gslight positive balance in,th@ potossium supplemented
groups snd this increased many times when the level of
potassium feeding was at lts lowest, 1.8., 0.8% compuared
to 2 and 49 in the supplemented groups. Were also 1%
would seem th.t renoval of potassium from the ratlon was,

as in the case of nitrogen, helpful in the retention of
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phosphorus in the body and vhot is more, this is fully
supported by the an.lysis of vuriunce conducted on the
phosphorus balsnce data ws shown in Toble XX, the level
of significance being 1 per cent. Oritical difference
test also shows that the mean of the eontrol group wag
significantly different from both the experimental ones,
although the two means within the experimental groupg
vare not mush different. The conolusion, thereflore,
seons Jjustifled that the effect of wide sodiuns
potassium ratio was highly depressing on the retentlion
of phosphorus under the eondltion of feeding whers

phospherus requirement wag only marginslly nebs

Rafaorence has slresdy heen made of the studlesn

on pigs by Richords et als (leg. gib

of Orr (log. gif.) that hilgh polassium ingestlion,

aspecially when associcted with & wide sodlumipotamsinm

») Or the observation

rotio like 1210 or 1:1l, reduced the assimilation of
nitrogen, celcime and phosphoruve, particularly when the
gupply of these nutrients in the rotlon was low. Zuntza(ypye)
(eited by Russel und Duncan, 1966) wlgo hus observed that
malnutrition and pica resulted when *he ration contalned

not only o wide sodiumspotagsiuvm ratio but olso wes low

in caloiuvm ond phosphorus.

The ratlon fed to our nimals was nurginal in
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respedt of phosphorus only but not to culelum or nrotein.
This was, rather wunfortunate, for initiually this wes
intended to be. Nevertheless, from what hos been shown
above, It seems th-t high level of potassium ingestion
with a sodiumspotassium ratio ss wide as 1:110.4 detrie
mentally affected phosphorus metabolisa, 2lthoush & still
wlder ratio of 1:19.2 h.d no gresater hurmful effect. It

is possible, had the level of phosphorus fesding been still

less, the effeect would have been more pronounced.

Reforence may &lso be made in this comnection to
the work of Wegl (log., ¢it.), who did not find any app-
raclable offeet of supplementing z rape coke plus vheud
bhoose rabtlon wlth potassivm oxulate o simulate the
conditions of paddy straw feeding on calelum wnd phosphorus
retention. This workers us olse sen et sl. (10Ge ¢lke)

regported lower retentlon of phosphorus frouw untreuted

paddy stray (contalning high potassium) than from alkall

treated strow. On the other hand, Ruy et al. (loc.gli.)

d4d not find any improvement in phosphorus retention on
foeding woter washed puddy striw, The level of phosphorus

fegding in thelr case, however, was 28 per ceut lower

than the comparable group.
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Magnesium balance data are set out in Tsble XVII,
Here ulso magnesivm ingestion in all the groups wag almost
the same and the balances too were positive., The retention
of this mineral in the control group was the highest and
no difference in retention attribubtable to the higher
levels of potassium ingestlon was noted in the other two
groupse Statlstical anulysis of the data glven in Table
XX also does not reveal any significent voriatlon from group
to group. Thus, although with the same level of magnesium
inpestion 1ts retentlon was almost deuble in the low potasaium
group, because of lack of statistlical support the conclusg-

ion c¢an not be confirmede.

Burch and Wolton (1961l) observed thuat pastures
containing 0.2% of magnesium in the dry ration might not
produce hypo-magnesasnia., “ssuming this to be the requlire~
nent level the needs of the animals apneur to have been
adequately met as from the ration they were recelving about
0254 of magnesium on dry matter basis, It seoms, thore-
fé?@g that eny adverse effect that muy follow high potassium
ingestion and wide sodiumipotassium ratlo cun not show
itself up when the level of magnesium feeding is already

adequate or more than that. There 1g no doubt that a large
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volume of evidence exlsts in support of the theory that high
potussium Ingestion affects magnesium metebolism md may
produce hypomagnesaemia grass teteny. This has besen fully
reviewed in Chapter I. On the other hand, work of Negl
(log. git.) and Ray et al. (log. «} has shown that

increasaed potassium ingestion in the form of supplemental

eit

potassium oxalate on & rape cuake + wheat bhoosa ration or

in the form of untreated paddy straw did not influence

magneslum ratention.

Sedium balance data are shiown in Table XVIII and
those of pobtagsivm in Table XIX, From the Tables 1t will
be sean thot while sodium ingestion remained almost the
same in all the groups, notassium increased consldersably
from one group to another reaching 1ts maximum in the last.
The latter, of course, 18 due Yo the supplemental potassium
fecding resorted to in the last two groups. But while
potassium sxcretion and retention both inereased from group
to groupy sodium excretion Ancreased progressively, without,
however, a similar retention. Sodiuwm retention, on the
contrary, declined. It was the highest in the control group
and almost the same bubt much lower in the other two groups.

It is algo to be noted that sodium exoretion was encouraged
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and helped by & higher potassium Ingestion.

The statistleal analysis of both the data ghown in
Table XX does not reveal any significant differences in

retention of sodium and potassivm from group to group.

The daily exeretion in the fueces znd urine of
nitrogen and the minerals is given respectively in Tables
XXI ond XXII. Thelr percentuages vis-a-vig the amounts

inpgested are also shown there.

A reference to Table XXI will show that the

amounts of nitrogen, caloivm and magnesium exeretved in

phosphorus, sodium :nd potassium vurled considerably, of
which phosphorus was rather more conapicuos than the

other two. It formed only about 50 per cent of the total
ingested in the eontrol group and inereased to zbout 814

in the 2% potassium and about 80F in * he 47 potassium
supplemented groups. Both sodium end potassium excretlon
by way of faeces, on the other hand, declined in the
supplemented group, &lthough the decline was more pronounced

in the case of potazsium than in that of sodium,



« 7L

09°g 9°CL 68829 £9°68 29°69 89°LC SHRIUT JO B &7

O8°T S8°0 092°T SOE*T o5 °% W@»@ oBc IS

{°5) (°3) (=3) {°3) {°3) {°2) "OR
EMTSS30d wnipes  ;  EMpsSeusey , SNIOUUHSOyUd, WRMTITED s ﬁmwmﬂmw.mm s LRETUY

1 84




ZT°%Q BF°0O% pI®*Ex o280 8G%2 FL°SH SFHeUl JO 4°ay

R mEE  ORTe AGOR wRW  Cioe A COER  ORE rbe  WER TR S emSh  GmT el oOaD  GEit  Smasm o HeRs  peet  wene  oils  ohiah  gsil e G oSS soada  SmSm Son D RS o

29°02 85O°0 1I5°0 ZT0°0 &%°0 £9°% edeIony
DoegE ZX°0 9e*0 000 8% °0 LO% Ti
8g8°TT $O°0 $5°0 SE0°0 o oad ¢ 20°9 es
01 SEOO 8E°C e00°0 Ie°0 (35 At on
g8 ge 8E°0 LE%0 BFOO°C g Rsad s gr e o
832°89 00°0S $T°I2 L0°8 29°% S0°8E eWeuT JO %°ay
#BSTL £8°0 82°0 oe0°0 o0 etk sZvasay

A

o

09

el
L6°08 o oS BC°0 geee Dgegs SNE3UT JO ¥°ay
PE°L 8070 5P°0 - 800°0 320 og°e eBvxeay
28°T 00°0 SE40 L00°0 02°0 egee 8L
0Z°L S0°0 29°0C 800°0 SL°0 o e Z9
S0 ST IE°0 2000 LI0 28°Z e
L6°T S0°0 SG°0 £T0°0 ee*0 ge°g 8g

{Toajued) I Anois
{°2) {°2) {=3) {*8) - {e3) {*23) oy
mEEERIod | TOREPos . mmisauiTH , Smacudsoyd . wARTID | USHOITTN | TEWITW

Z2p d0C SULAn UL STEA0UlH pUE LUOSOJ4ALIU J0 LOI1040X0 SSEdOAY




mﬁ?ﬁm

Referring to Table XXII, where the excretion
pebtern in urine is shown, Lt seems thut the puttern of
excretion of nitregen, culeium, phosphorus énd (egnesium
in urine in all the groups remains practicelly the same
whether potassium is fed or not, exzcept that there was a
slight tendency for the 2 and 4% potassium groupg to
excrete more of the first two nutrients yis~g-visg their
inteke. In the case of sodium and pobassium, howaver,
the pleture 18 altogether different. Here not only

ingestion Increases

potassium exeretion vig-g-vis
enormously, as it should, sodium excretion alsc 1s seen to
ineresse tremendously. Thus, while the dally exerction of
the mineral in the urine yis-g-yis ingestion was only 3.24%

in the control, 1t was 50% in the 27 potassivg supplemented

group wnd 409 in the 4% one.

This shows that high potassivm ingestion
impoverishes the body of sodium, enfl the sodium requirement
under this condition goes up. It seems to Do in harmony
with the theory of Bunge that excess of not assiun

impoverished the organisn of sodium and chlorine (cited

by Brouwer, 1961).

pf the three fuctors, water, salts end food,
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water 1s the most important for life and, hence, it i
consldered as an essential principle in dietetics.

Beaides its numerous physiological functions, 1t alse acts
#8 a vehicle for various physiologlcal processes, such as
(a) for absorption of food materials from the intestine,
(b) for re-absorption Pfron kidney tubules, (¢) for the
trangport of varlous food stuff from place to place, (a)
for the drainage and exerection of the end products of

met abollam, () for the mapufacture of varlous secreotlions
such as dlgestive Jjulces eto., (£) for carrying the

horuones to thelr plases of activiby etc.

Thus, water nlays a major role in the utilisation
of nutrients in the hody. Ritzmen and Benediet (1894)
have reported thst the water lntake of animals 18 signle
fleantly correlated with thele dry matber intake, The
water intake 1s also influenced by the nrobelin nd salt
comtents of the diet (Negi and Mullick,1859). The sbove
workers concluded that the ratlo of water intake bto dry
matter lngested and dipested is infinenced both by the
dry matber intake and stmospherlc conditions, vizge wlpe
temperature, relutive hnmidity eto. They also gtated that
at all atmospheric temperature -nd rﬂiatiVﬂ hunidlty
the ratic between water intake wnd dry mabier

levels,
varied within & nsrrow rélgo. They, therefore, raconnendad



that the water inteke of mmimsls on maintensnce rations
should be 3 to B times that of dry matter intake; in
summer 1t muy De 3.5 « 5 times and in winter 2.5 - 3.5 times.

Ritzmin and Benediet (loc. gite.) and Lelteh and

Thomson (1944) also reported that the difference between the

nesn water intuke per unit of dry metter ingoested at diff-

erent planss of nutrition was not stutistically siznificant.

In the present investigation, the influnence of
potassimm feeding ot the levels of approximatelye.7, &
and 4% of dry ration respsetively to group I, II and
11T on wator metabolian has been studicd. The experimental
detalls have already besen dealt with im Chapbter IL. Twe
metabolism triasls were condoeted in the winter months of
Nowvenber, 1967 wd Februury, 13968. The totol waber intoke
of an individusl was caleulated as the sum total of (a) free
water drunk gd 1ibs + (b) water fron the feeds ingested +
() netobolle woter derived from the mebaboliism of nutrlents

in the body.

Adpparvent insenslble Joss or insensible persplration
wag ealculnted, as usunl, from the total water intake
ninus total water eoxcreted as urine and faeces, assuming

that the rest of the water was lost by the eviporatlve

mechanisms throupgh lungs and skine
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finee large smount of water is constently
appearing and diswappeuring from the beody and inspite of
1t & falrly ecourate balance 18 mointained betwesn
production md loss, it is obvious that there must be a
gtrong regulating meshenism which 1s very intricate snd
is not yet fully known.

The water metabolism data have been presented in

Tables XXIII and XIV.

I% wlll be seen from Table XXIXI th:t while the
water inpested from feed and thaot derived from the metabolism
of nubtrients were practically the sume in all the three
groups, free water Inpestion incressed enormously from
group to group, 8o that the total water ingestion from
all sources was about one wnd a half and two tinmes
respeatively more in the 29 and 4% potessium supplemented
groups than in the control. Its oubtgo through urine
likewise increased, but the inereasse was ot least four fold
in the ecaze of the 4% potassivm supplemented group
comparad to the two fold increase geen in the 2% potasoium
group, exoretion by wuy of faetes bring slwost the same
in all the groups. Simulteneously, theére was an enormnous
ineresse in the smount of total sclids in the urine of

the potassiun supplemented groups, the incrsase belng
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double and three fold in the 2 and 4% potassium groups

rosnestively,

Adgaing a reference to Tuble IXIV will show that the
ratio of water intuke to dry matter ingested snd digested
progressively increased from group to group. This evidently
gshows that potassium increases the water requirement per
unit of dry mabter ingested and digested conslderubly, nd
at the smme %ime there is diwresis. It sppears to be in
harmony with the following observietions concerned with the

diuretic effects of potassium,

Warth (19235 1926) sugeested thot high potagsium
intake under paddy straw feeding was cbrily respongidble

for inereased urination.

Feeding of paddy straw with napler grass, whlch
involved a heavy ingestion of potassiuvm, was also

aecemponied by heavy urinery output (eited by Negl, 1968).

Ray gt al. (1947) ond Tandittesekere (1I82)
observad thet animals fed on wobterewashed paddy straw

which contained lesser potassiuwr, exhibited reduction

in diureslz.

Negi (log. gits) alse found that by reducing the
potassium content of paddy straw by lime treatment the
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extent of urlnustion wes decreased, which was sgailn enhunced
when the basal ration comprising of wheat bhooga as roughage
was supplemented with potassium oxalate providing potassium

upto the level present in paddy straw,

Welght (1958) hos reported thut isotonie potassium
chlorlde solution (1,3%8), if administered by mouth, is
rapldly excreted like urea or other waste products and

gives rigse to a marked diuresis.

Meyor and Cohn (1911) suggested that potagsium

salts as a rnle, cause incresased elimination of weter

(edted by Richards, gt al

Divresls 1s 2 mechanism by which the kidneys get
rid of swrplus seocumulation of hermful ingredients of the
ration or produets of metabollisme Under this conditlon
not only there is an excessive urinutlion, there 1s also a
grester consumption of water. This is actually what we
find in this experinent, vhere in order to efficlencly
eliminste from the body the large qu.ntities of poteassium
ingested, water intake and exeretion went prograssively up

along with the increased levels of the hormful mineral.

However, vhen the ratlo of the volume of urine in

mle to the sum of Nat+ gt 1ons exersted in urine in terms
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of milli-squivalents (presented in the last column of
Table XXIV), 1s considered, it becomes e¢lesr that the
exeretion of eush of the Na© or K ion by way of urine

is effected in every 12.6 ml, of urine in the case of cont-
rol animals against 3.6 end 4.0 ml. of urine in the ocase
of experimental ones., BEvidently, the kidneys are able

to excrete Na'+ K ions in a more concentrated form in the
cage of potessim supplemented groups as compured to the
control, thus effecting the water economy proportionstely.
It is, hoyover, interesting to find that an inecrsase af
potagsium in the ration from 2 to 4% doss not oppesr to

alter the amount of sodlum or potassium long per mi. of

urine.

The pelation, 1f any, existing between godiwa g
potnssium ratlo, on the one hend, énd the digestibillty
and metabolism of nutrients, on the other, was studied

and the results are presented in this Chaptere

The resulta show that when the level of sodium in

the ration was kept constant &b 0,22% and the potagsium

pereentage varled from 0.77 to 4.88, so that the ratio of
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sodlum and potassium progressively rose from 1:3.5 to
1829.2 through 1:110.4, the digestibility of the orgunic
nutrients did not show any statistically significent

variation from group to ETOUD o

The balance studies with respect of nitrogen,
calelum, phosphorus, magnesium sodium and potassium slso
did not show that a change in the retention of nitrogen,
caleium and magnesium was brought sbout in any significant
naaner by a widening in the sodiumspotassiwm ratic., Perhaps,
& 8till lower level of these nutrients in the ratlon could
have brouvght about & more sustained lowering in retention
of these nutrients, a trend of which only was dliscsrnibdle.
This wag, however, more pronounced in the cuse of
phosphorus, which was Ped at sboutb the requirement level,
showing statistically significmt (P (.01) lowering in
retention from group to group as the patiso widened. Sodium
also showed a progressive lowering in retention but thils

was not statistically sipnificant,

The average excrebtlon pattorn of nitrogen and
the minerals through the urinsry wnd fascal routes wasg then
studied, In urine, the pattern of excretion of nitropgen
caloium, phosphorus and magnesium was not affected. But so
far as sodimm md pobassimm exeretlon through this channel
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18 concerned, it seem that hign potassium ingeation
impoverishes the body of sodium and the sedium requlremend
under thls conditlon perhaps goes upe In the fageas, on
the athaﬁ'hanﬁ, the excretion of phosphorus, in partliculear,
wentt 80 hlgh as to constitute sbout 81 per cent in the 2
per cent potash fed group emd 90 per cent in the 4 per cent
group compared to 80 per cent in the control group (0,77
per cent K)o “otassium exeretion by way of faeces, however,

declined with lacreasing potussium in the vation.

The result of wabter metabellsm studles condueted
duping this iuvestigution shows that free waber inpgestion
luncreased enormously from group to group so that the total
water ingestion from all sources was about 1y and 2 times
nore respectively in the 2 per cent and 4 per cent poltassium
supplenented groups than in the eontrol. Ita outgo through
urine algse increased simulibuneously, but the incredge wus
at loast four fold in the cease of the 4 per cent potush
group compurad to the two fold ineretse 1n the 2 per cent

group. Ixeretion of total solids in the wrine likewise

increased progressivelys

notasgiwm (and wide sodiumipotassium ratlo) was
alse found to inerease the water requlirement per unlt of

dry mabter ingested ond dlgeated, and alge lowered the
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appetite which was significant ut 54 level,

Indication of water economy in the excrction
of the alksll metals in the potassium supplemented animals

was slso notede
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The second feeding triul, which is being

presented in this Chapter, as ulready dilscussed earllier,
waa underteken with the object of studylng the influence
of different sodlumspotassimm ratios, other than those
studied earlier and presented in Chapter ILI, on the
digestipility and metabolism of certaln nutrients,
particularly when the supply of potassium, as far as
practicoble, is from natural feeds. Bersecu is rich in
£his mineral and so is unwashed wheat STT M, These,
therefore, wore the maln ingredients of the ratlon with &
small quantity of potassium chloride added to them,; where
necessary, in order to bring the ratio of the minerals %o
the desired levels, Their rabtios in the three groups were
T34,5, 138,1 and 1510.3 as shown in Teble XXV, the percentage
of sodiun and potassium in the basal r.tlon being 0.42 and

1.85 raespectively.
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RESILYS AID DISCUSSTON

The dry matter consumption of the unimals is
shown in Table XXVI, which is the same in all the ErotpSe
Its digestlbility figures, set out in Table XXVII, also
are similar without any variation. The live weight changes
within the short period of the experiment (25 days) shown in
Table YXVIII likewise show a sinilarity with the experiment
reported in Chapter III, indicaling a progressive loss in
welght a8 the level of potassium feeding Iinereused and the
ratio of sodivwm md potassium widened, The analysis of
variance deta for dry matter ingested, digested and digegti-
bility (%) have been sget out in Table XXIX, whlech do not show
any statistically significant variation from group to group.

The digestibility data of crude protein, ether
extract, crude fibre and nitrogen-fres extract, given in
Pablea XXX, XXXL, XXXII and XXXIII respectively also do not
show any statistically significsnt voriaetion from group %o
grovup as shown in Table XXXV. 4All these results are in no
way different from those found esrllier with the animals fed

vakay lesves, wabter-washed wheat straw end concentrate

mixzture plus the potassium chloride supploment,. This shows
that under the conditions of feeding, irrespective of
vhether potagsium is fed in the form of natural feed or as

the salt, sodiumspotassium ratlo ringing between 133.5 and
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1:19.2 doas not effest nutrient digestibility in sy manner.
Nor does it affect the 'total dipestible nubrlents! {(TeDolo)
ingestion In any significent manner as shown in Table XYXIV
and XXV,

Balance studles

The results of the balunce study conducted on
these enimals were likewise similer. The nitrogen retent-
lon shown in Table XXXVI in the control group was positive
{+ lol4d go) and this was reduced to = 0,64 ge in the 239
potagsium fed group and further to = 126 g In the 4% group.
Calelum retentlon also went down from + 0,78 g« in the
gontrol group to + 0.4l go and further te + 0,30 g in the
34 snd 4% potash fed groups (vide Table X¥¥WII)s This trend
wag practically mazintained in the case of phosphorus end
magnesivm retention ag well (vide Tubles YXYVIII and X¥XIX).
Statistical snalysis, however, did not revesl these
veriations to be significantly differemt, except in the case

of phosphorusg, which were highly significant betwesn the
trestments (vido Tsble ¥LII).

Coming to the retention of sodium mnd potassivm,
the plcbture is somewhut diffeveni than thut ve huve come
across in the earlier study where pobasslum was sulnly

gupplied as supplement and sodium aontent of the rotion too
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was lower, 0,227 against 0,499 in the present instante. It
will be seen in Table XL that sodium retention was almost
the same in all the groups in contrast to a gradual fall

in sodium retention noted in the earlier experiment.
Potagsium retention too behuaved differently here (Table XLI).
In the second group where the sodium:potassium ration was
118,1 with only 26,32 g. of potassium ingested the retention
cume Lo be 4+ 9,55 g, while in the third with a sodium:
potassium ratio of 1:10.3 and ingestion of 83,31 g of
potagssium the retention was only 8,08 g. The stuatistical
analysis of the date, presented in Table XLII, shows that
the potagsium retention data are significsnt at 5% level

hetween trestments.

The results of a probe into the exeretion

pattern of all these nutrients vis-a-vis thelr ingestion

are shown in Tebles XLITI énd XLIV for faeces and urine
respectivelys, A reference to Table XLIII will show that
of all the nutrients studied phosphorus alone has shown a
definite pattern of excretion in the faeces, followed
perhaps by potassium. Phosphorus excretion by way of
freces compubed on the basls of its percentage in
pelation to intake incressed as the potagsium ingestion
increased, the increase between the control and 3 per ceont

potash groups was almost double. Between the 3 and 4 per
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cent levels, however, there was not mueh differendss
Potassimm exoretion behaved exactly Iin the opvosite
dlreotion sud in a similur manner. The wurinary excrotion
pubtern, on the other h nd, was ruther erratic and no

gystematic veplation frou group to group could bae identi-

ide Table XLIV). If compurison is confined to the

sontrol ind 3% potassium (138, 1lssodiumspobussim) fed groups
alone, exorction of nitrogen, caleium, phosphorus and
magnesius increased considerably with the hlgher lewel of
potessium ingestion, while that of sodium and potassium
declined as wmuch. 3ub betwewsn 3 and 4 per cent potash fed
snimal, Ll.e., when the sodiumspotastium ratle varled bebween
18,1 and 1:10.3, the difference in the rute of excretion was
less pronounceds

in general, 1t cun be stated thab while in the
firat exp.riment the eweration of phosphorus in the fretces
was relsed Prom B0 per eont of that ingested in the control
group to ulmost BO wnd 40 per sent ln the supplemented
groups in the sotond pxperiment, flse similar Inere.ses
hove been noticed. 4 similarity in potassivm exerstion
in the twn ewxperiments has also peen found. Bub the
impoverishnent of godium in the body noted eavlier wes not
so mavked in the present experinent.

The results of water metabolism gtudies are

presented in rableg LIV and XLIVI. It will be seen fronm
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Teble YLV that the water intake of the animals of groups
11 and III was sbout the sune and was at least 25 per cenb
higher thapn thot seen with the snimels of the coatrol
group. Water outge through urine followed a similar
pattern, only that the outgo in the supplemented groups
was almost 24 timos that of the sontrol group agalnst

an increase of 1% times in the free water consumptlon.

The total solids excreted in urine in the supplemented

groups were also much higher.

T™he ratio of water inteke to the dry matter
ingestion glven in Table ALVI also has shown = inerease
in the potagssium supplemented groups but between 2 end 4

per cent levels there was no difference.

The results obbtalned in the present experiment,
for all practical purposes, corroborate the findings of

the previous exporiment except in some minor detallse
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¥ AT SONCLISTONS

in experimont wus desipgned and conducted on
twelve adult sheep, distributed in three groups of four
animals eachy to study the effect of feeding notassivm in
smounts present in many potassium rich pastures with
godiumipotassium ratio varying from 1:3.5 to 1:19.2 on
(8) the digestibility of organie nutrients, (b) the
retantion of nitrogen, calelum, phosphorus, magnesinum,
sodium and potassium, (¢) thelr exeretory pattern in
urine and faeces snd (d) water metabolism. Its effect on
(o) appetite znd (£) body welght was zlso studiede o
foading trisls were conducted, In the first, the basal
ration was made a low potassium one, so thut potassium wus
mainly supolied in the form of potassium chloride to raise
the sodiumspobassium ratio even us high as 1:19.2. In the
gsecond experiment, the muin source of potassium was the
ration 1tself, the potassium ehloride supplement was only

fad when necessary, the maximum godlumspotassimm ratio In

the latter being only L:l0.de

The raesults of the digestibility trials and

balence studies of both the experiments werd almost

gimilar, irrespective of the level of potassium feeding
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or of the sodiumspotassium ratlo or even of the source of
potasaium either in the form of i1%ts galt or of natural
feoeding stuffs, The results of water metabolism e=nd other

studies conducted were also similar. They are as followss

(8) The digestibility of trude protein, ether
axtract, crude fibre, nitrogen~free extract and dry
metter was not affected by the nature or source of potassium
nor by the level of potassiwm feeding (maximum 4 per cenb
and ninlmum Q.77 per ¢ent)/sodiumipotassium ratio
(maximum 1:19.2 and ninimum 1:3.5).

(b) The retention of nitrogen, caleiuwn and magnesium
wag also not affected. But the retentlicon of phosphorus
wag adversely affected as the sodiumipotassium ratioc
widened up and this was highly significant at 1 per cent
level. It is possible thut had the levels of nitrogen,
cilejum and magnesium feeding were still lower than the
low levels at whieh these were fed some sipgnificant

rasult could have baon obtained as in the case of

phosphorus,

(¢) The excretory pattern of nitrogen and the
ninerals by way of urine and faueces w.s also gimilar in
poth the experiments. The pattern in respsct of urine

remeined the same in respect of nitrogen, calelum,
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phosphorua end magnesium, while thot of sodium was
different. The excretion declined as the level of notassium
feeding rose, indicating that the latter by encouraging
excretion in urine lmpoverishaed the body of the mineral.

In faeces, on the other hund, phosphorus excrction was
raised tremendously a9 a result of the widening of the

sodiumespotagsium ratic.

(d) Tree wabter 1lngestion was found to increase
enormously as the lavel of fesding or the sodiums
potas ;ium ratio increased. Its outgo through urine also
inereaged simultaneously and the Iincrcase was at tines

four fold compared to that in the control.

(e} The potussium feeding (wide sodlumipotassium
ratlo) was also found to inereazse the wuter requivenent

per unit of dry matter lngested,

¥t 1s, therofore, conciuded thal high lovel of
potassium feeing in rel.tlon to solium ralses the water
inteke and nroduces diuresis. It also consldsrably
lowers the phosphorus retention in the body and
impoverishes the body of sodlum. BDut, othorwise, it

has no adverse effect on the digestibility and rotentlon

of common orginle and inorganic putrientge
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