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CHAPTER _ I 

INTROWCTION 



INTRPWCTION 

Mineral .el'ic1ency or toxiC! ty is an are. 

probl.... The availabUi ty of cliffarent .ineral. through 

feacla anti fodd.rs to rutoinant. very with g.ographical 

location end the type of f.eds or fOd.ara available. 

Mineral supple.ante are nutrl tional devie .. to fortify 

the nomal fe •• 8 end fodders in the ueea to me.t the 

min.ral ne.ds of live.tock an" paul try at the apecific 

levela of animel productivity. The efforts to increase 

anim.l productivity by genetic manipulation furthu 

accentuate. tha problem of minual nutrition anel thue 

alao the mineral suppl •• ants. In cae. of high producing 

animals, there ia tremendous daily drainage of C. and P 

through milk and a.equate mineral suppl .... nts need be 

"evi.e" to replenish the "ailt loIS inspite of the fact 

that internal regulatory , .. chanisma in animale can taka 

Care of the transient perio" of enhanc.d n .... s. lSI has 

laid cia ..... the opacifications of mineral euppla,untB end 

the aame has b .. n revised a number of tim •• (lSI 1960, 

1968, 1982). In c.rtain countries, .pacific mineral 

eupplements 11ke high C.l, high Mag, high Phos, aupple­

ments are commerCially manufactured to maet the de.and. 

of specific areas in question (T.eth.barn, Anim.l f •• d 

supplements, U.K.). 
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The choic8 of a mineral supplement 1. determined 

by (i) per unit cast of the .l .. ant, {ill chemical for ... 

in which the aleaants are blendad which may influence 

minsral solubility and utilieallility. (iii) tha physical 

form such as fin.n .... enol (iv) ita freedoe fro .. heraful 

iepuritie •• With Ca and P eineral supplaaanh the .. 

factors can influanca the choice of supplements. !'lastly 

dUa to coat conoiderations and local availability the 

naturally available crude .aterials like. rocks. ores. 

bone meal are blended in mineral mixtures to a.tv. 8& C. 

and P SOurc.e. Apart from having variable utilisation ot 

Ca and p. such source. are alao likely to contain certain 

incr .. insting lIineral .l •• ent. in hantful quantities 

(Aamermsn ~ Al •• 1977) and certain trace ela-ants which 

lIay be of nutritional 8i9"1f1canc8. 

Th8 natural rasources like bone maol.dlcelcium 

phosphate, reck phosphat. and limestone are commonly used 

on wide scala by anillal fae" indUstry for making .ineral 

.1xturos. With the advancement of acience and indUstry, 

there are poaalbili t1es to tap al tsmativa sources troe 

the available waste •• terials at ralatlvely ch .. per utes. 

Such mat.rial. may include gypsum. phoaphogypaum, coal 

dolomita li •• stona. magnesite. reck phoophstas and , 

phosphate (fertiliser grade) anol poaaibl, others Cf 

u.ed as sourcea of mineral supplement.. In all p 

ties, such 'leteriala may ba potential sourc.s of 

and phosphorus supplemants. lIeside being chI., 



they may al$O provide other trace mineral. of nutritional 

signHicanca in utiliaable form. 

Berore the use of such unconventional sources 

of .minerel supplement is advocated, it is necessary to 

comparatively scan th ... for availability of useful elemonts 

and also ensuring the absenca of toxic lavel. of incrimina­

ting mineral. in them. Further, the mineral availability 

to ruminants not only depends upon the total supply of the 

mineral element in question but also on certain ather 

factors, like the chemical form in loIhich the alement exists 

in the source, mineral solubility in the gut and availa­

bility to sustain a productive function of the animal. 

I t is knoiSl that ra present in ferroue sulphate is a 

better $Ource for enimal hailing than ferrous carbonate 

or ferric oxide (llmmarman et .iLl., 1967). IIvoilabili ty of 

magnesium from doloni to limastone is much lowar than that 

from pure magnesium oxide (Garken and fontenot, 1967). 

In addition, tho reaction conditions in the rumen and 

othar parta of the gut an also known to influence mineral 

solubili ty in the gastro-intestinal tract loIhich may graatly 

modify minarel utilisation (Bre .. ner, 1970). The natural 

sources discussed above end also animal feeds may contain 

'ligands' loIhich may form chalates ",ith a particular mineral 

alament modifying its aVailability. It is known that 

presence of oxalate. and phytatu in the feads lower Ca 

and P utilisation (l'\cOonald 1.1 JIJ,.., 1978). Even cartain 

... ino acids may consti tuta 'ligand.' for mineral 



complexation a (Gaorg1evakii, 1982). Certain claims have 

been made that prechelated .. inaral supplements i .. prova 

trace element utilisation (Darwish and Kratzer, 1965; 'all, 
,. L.-/', 

1966~ and that addition of certain chalating agents like 

EOTA improves the utilisation of In and certain other trace 

mineral s (Kratzer ,Ij: .II!.., 1959; Geo rgievskii, 1982). 

The si tuetions discussed above d .... nd.d dataUad 

investigations about tha suitability of alternate eources 

of Ca and P for use in mineral supplements which may bo 

more economical and adaptable by cattle f.ed manufacturing 

indUstry .nd ths athar org.n1oad .ector depending upon 

sui t.bili ty. The proposed invutigations have been broadly 

ba.ad on the obj aetive. given below. Duo to the lIul ti­

plicity of approach, the erea of interest wae restricted 

to changes only in the rumen and sources contemplated at 

praeent included tho •• which lIay potentially be suitable 

as Ca and P supplements. The objectives ware: 

1 • 

2. 

To scan the euitabili ty of difforent natural 

sOUTces of Ca and P supplements. 

To determine ruminal distribution and dis­

appearance of Ca and P from alternate Ca and P 

supplements. 

3. .I To assess the influence or Ca and P suppl_anta-

4. 

5. 

ticn on rumen rententatlon. 

To determin~ tho level of chelate. influeneing 

Ca availability in the rumen. 

To compara the utilisation of certain 81 tarnete 

mineral supplements by grolJing ruminant •• 

-0-0-0-



CHAPTER _ II 

REVIEW OF LITERATURE 



REVIEW Of LlTERflTURE 

Adequate supply of .,ineral el .. ants in the 

nutri tion of livestock is kno ..... to be eosential for 

animal health and prOdUction. In grazing ruminants, 

the mineral el .. ants present in tha dietary herbage ore 

the only source. of .,inerals availebl. to the animals. 

But in many location a in In die, as also in diffarant 

parts of the globe, the occurrence of frank clinical 

conditions either dUe to shortage or exceS6 of one or 

more mineral elaments, pose problems, needing urgent 

attantion of animal nutritionists. Mineral nutrition 

problems, therefore, become area probleMs derived 

mostly dUa to eoil conditione and the type of foragBS 

grown on such soil.. In ordn to ameliorate the 

probl ... s of .. ineral deficiency, free choice salt licks 

are provided in the grazing ranches in many countries. 

In stall fad conditions, mineral block., 

lick., drenches or .. ineral mixtures pnpaud wi th the 

nutritionally e •• ential mineral el ... ants are co .... only 

used to cOllpensat. for the inadequacy of aineral 81.-

... nts in the normal f.eds end fodders. Such suppl .... nts 

ara prepsred from locally available cheeper .. ineral 

sources, e.g., orea, bone meal, chalk powder, oyster 

.hell., etc. They are primerily used to eupply major 



.in.rel element. such 88 Ca, P ancl Pl"9t and are aleo 

forti fied, in many c .... , wi th common sal t and pure 

treee .1neral co_pounds. 

The schntific basis for the rortllulation and 

u a8 0 f mineral supplem en to h.. bun reviewea wi th 

particular emphasis to Ca and P suppUments for live­

stock re.ding under the following heedingsl-

,. l'Iine •• l elements of nutritional significanca 

2. Physiological role of Ca and P 

3. Ragulation of C. and P •• taboli .. 

4. The rationale of C. and P requir .. ent. 

5. Ca and P deficiency in livestock 

6. reaa factors .odifying Ca and P availability 
in the nutrition Dr livestock 

7. Cd-taria for .alaction of minaral supple­
•• nt 

8. Conventional Ca anltP supple.ants 

9. Unconventional C. and P aupple .. ants 

10. ractors modifying mineral utilisation fro .. 
minual .uppl .... nte 

'1. Interactions influencing Ca and P utilisation 

12. Use of cheletes in relation to mineral 
avail.bil i ty 

1. Mip,r.l ,l.eot, pf putUtipo,l .lgnlfic.09' 

There ara about 21 lOinsral sl ... ant. which ara 

kno .... to have .. santiel metabolic roles in animels 

(Church snd Pond, 1982). Out of these, 13 al .. ente, 

namely, calciUII (Ca), phosphorus (p), magneaium (1'1 g) , 
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sodium (Na), potassium (K), sUlphur (5), chlorine (Cl), 

iron (fe), copper (Cu), zinc (Zn), cobalt (Co), iodine(l) 

and manganese (I'In) are known to bo dietary essential 

nutrients. Although the functional roles of chromium(Cr), 

selenium (5.), molybdnum (Mo) and fluorine (f) have bean 

demonstrated in many animal species, but their absolute 

ess.ntiality has not baan established in ruminants 

(Underwood, 19B1). 

Ths function. of different minerals in the 

physiology of animals sre interrelated and seldom they can 

be considered individually a8 single functional components 

having quite independent and solf-sufficient roles in the 

organised body processes (Hays end Swenson, 1970). A 

definite relationship exists bet",.an calcium and phosphorus 

in the formation of bones and teeth. The synergestic 

influence of iron. copper and cobalt in the synthesis of 

hemoglobin and rod blood calls is also known(Cantarow 

and Schapartz, 1967). However, in some cases, individual 

elements serve specific roles, e.g., I in thyroxine and 

Co as integral part of vitamin il12 molecule. 

Co, Cu and I inadequacies in soils and flora of 

cartain parts of tha world lead to the deficienciea of 

these minerals in domoatic ani.,als (Hansard, 1983). Also. 

selenium excess in the soils may result in high Sa levels 

in plants which become toxic to animals (McOonald .!! .Ai. t 'f 

1980). Nutritional disordars involving mineral nutrition 

may arise as simpl8 deficiency Dr excesses of particular 
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elements present in the di.t. These conditions may 

themsalves be either the reflection of the 80il status on 

which the plants ara gfQU'I or they may be related to the 

presence of specific plants which are sel.niferoue or 

goi trog8nic. 

2.2 Physiological [018S pf calcium and phosphprus 

The skelton contains" 99% of the total Ca and 

80% of the total' P present in tha body. Boeltar and 

Greenberg (1941) sugg.sted that Cs and P, Llhich are 

predominant mineral elements of bones and teeth, exist 

primarily in tha form of hydroxy spati te crystals heving 

structural formulae 
++ 

C·10 x(P0 4)6(OH-)2 (H;0)2x 

Wherl. x may vary froll 0-2. When x • O. the 

compound is called octacalcium phosphate and when x • 2, 

the compound is terml d 8S hydroxyapati tao In addi tion to 

their rollS of supporting the structural frame of skel tal 

tissues, the bone. also •• rva as body reservoir or these 

el •• ants. mostly located in the bone trabeculae. There 

exists a dynamic equillibrium of Cs and P exchange bltwlln 

bones and body fluids. Ouring the period of dietary 

•• ficiency of these OIinorals or in situations dl"anding 

increased Cs and P n •• ds of particular physiological stata, 

such as pregnancy and lactation, these minerals are 

readily mobilised from their stores in the bones and 

maintain nesr constant levels in body fluids, blood and 

other soft tissuoa(O'Souza and Flock, 1973; IJaaserman,1977). 



A .... 11 proportion of Ca, not loceted in the 

skeletsl tissues, i. widely distributed in the fluids and 

sort tissue. of the body where lt perfo .... a nUllber of 

.ssential functions. forty five to fifty percent of the 

ci rculsting Cs, p re.ent in pla .... , is in soluble, ionic 

forro, whereas the r ... a1nder is primsrily bound to pls .... 

albumin (Hays and Swenson, 1970). Ce present in soluble 

and 10nic rom i8 involved in several .... ntial phyli1olo­

gical function. including conduction of narve impulses, 

contraction and relaxation of striated mUlcle. and heart 

muscles (Church end Pond, 1982). Ca servee as an activator 

or stabll •• r of certain enzy .. es and is required for normal 

blood clotting, i.e., in ths conversion of prothrombin to 

thrombin, which reacto with fibronogen to fom fibrin and 

blood cl",t (Cantarow and Sch.partz, 1967). 

About 17-20% of total body P(pr ••• nt in body'i. 

widely distributed in fluids and aoft tissuee where it 

performs msny biochemical functions related with growth 

and production (Church and Pond, 1982). Involved in tho 

chemicsl structure of nucleic acids, P playa a very active 

bioch_icsl role in the transmieaion of genetic informa­

tion and in regulation of protein biosynthea1s. Phosphoric 

acid i8 a component or AlP anergy rich lDolecules and large 

nURlber Df coonZY".s, and thus is acthely involved in 

metabolism of proteins, lipids, carbohydrates, lIinarals 

end energy. PhosphDrylation 1. another important step in 

the absorption of nutrient. and renal .xc:~!ationt transport f 

of l1plds,axchanga of amino ac1ds,atc.(Lahningar, 1977). 
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It is qui te .gident that inadequate supply of 

p to the body may result in reduced grolJth, prodUction 

snd overall animal porformance (Georgiev.kii, 1981). 

2413 Jl.t.qulAtigD of eft and P •• tabolia 

Homeostatic control mechanisms very strictly 

influence Ca metabolism and plaama Ca levels but tho 

control i. not so effocth. on P motabol1sF Radlotracer 

atudies indicate that blood Ca and P keep exchanging lJi th 

Ca and P pool to the extent of 35 and 100 ti .... respec tt-

v.l y than tho quanti ties of Ca and P ci rculating in blOOd 

(Grace, 1981). Such high flux in the reno",al of the 
, . 

pool .. ostly originate from intestinal abaorption and bon. , 
reabsorption of thaee minerals, both of which are under 

the regulator y influence of potent calci tropic hormone. -

the parathyroid hormone and 1,25-dihydroxyvita"in 0, a 

vitamin 0 metabolite produced in kidney. 

Uitamin 0(02 and 03) circulates at ralatively 

101J concantration (1-3 ng/ml) in co ..... (Horst and 

L1ttledike, .1982) probably due to ~api d conversion to 

25-hydroxyvi tam!n 0 in l'vlar (DeLuca, 198!). The re are 

a number of 25-hydroxyvitamin D analoguee ..t>ich all are 

converted to 1,25 Dihydroxyvitamin D metabolite. in the 

kidney. Thie final vitamin 0 metabolite together lJith 

Parathyroid hormone interplay to regulate Ca and P entry 
I 

ratee to the body poole (Aarskog and ~ksnas, 1980) end ' , 

thoir exit through faeces, urine and bone in non-

pregnant animals and through foatus and ,,11k 1n case or 

pregnant and lactating animals.· 
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influuc10g Co aDd P .V,il,bilfty;_ Several factors 

lavel of intake, age, acidity, presence of binding 

aubat'EinCeS 'and endogenous excretion influence efficiency of 

Ca absorption from the intestine.. RSIIberg.li .... (1984) 

found that reducing high diatary Ca lDed resul teel in gUater 

efficiency in Ca absorption. The absorption waS found to 

ba enhanced on increasing dietary acidi ty (Lomba .&1 &l.., 

(1978). Experiments with rata suggested that on a dietary 

Ca'load, the aged animals are less capable to increaae 

their re.ponse of C. absorption than the young animals 

(Horst.!! al., 1978). 80th in ruminants and non- ruminants, 

dietary oxalate. depresa Ca availability (Ward J! .11.,1971). 

Nucleic acids produced by ruminal bacteria, dietary fat, 

high ingastion of fluoride and low supply of dietary p 

also have bean found to reduce Ca availability for absorp­

tion (lirai thwa1te, 1976). 

The absorption of dietary P in ruminants is 

reported to be in direct relation to P intake (Care J! .II!., 

1980). Unlike other animal., endOgenous .ecretion of P ia 

mediated largely through saliva flow and not through ki,*,ey, 

so that 70-80% of total endogenous P excretion i. through 

saliva (Wadsworth !.li JLl.., 1977). The quanti ty of P endO­

genously excreted into saliva recombines with dietary P 

before P from both the sources are available for absorption. 

Salivary P is mostly in the inorganic form. Thore is 

4-5- times greater concentration of P in saliva than that 

1n plasma of catUe (Clark, 1953) but the salivary P to 

plasma P ratio i. much higher (5-19 times) in sh .. p (Tomas, 
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1974). Phosphorus turnover studies in sheep suggested that 

p absorption was invers.ly related to saliva flo ... (Tall" 

U JI!.., 1967). Selivery P content ie elso influenced by 

parathyroid homone which increuee saUvary P concentrstion 

by increasing endogenous P ';~c"retion (Wedsworth, 1977). 

In ruminants, it is the salivery P concentration which 

ragulates P homeostasis. In tum, this ragulation is 

lIediatad by phStll. P lavels, b.cau .... low P diets which 

" result.d in hypoph~pheta ... ie in cattle caused decrease in 

salivary P (Cara U ~., 1980). 

2.4 lh. rational. of Co and P r.gulr.lIflts 

Notwithstanding the benefita accruing with 

the usa of suitable foms of Ca and P supplement., various 

agenciee have detail.d the totel dailY reqUirements of the.e 

min.ral elements for f •• ding various ca:t;egories of livestock. 

Such requirements must be vi.wed as tentativ. and rough 

gui delines only. Recomm.n dations about Ca and P require-

.. ents are made periodically by ,Agricul turel Research 

CounCil (ARC, 1965,1980) in U.K., National Research 

Council (NRC,1968,197S) in USA, Institut National de 

la Recherche Agronomiqua (INRII, 1978) and Sen and Ray 

(1964) in India. The recommendations vary considerably 

betYeen the different sources and betyaen publications from 

the Same source. Tabl. 2.1 presents an .x_pl. of such 

variability foe 8 50 kg lactating ...... 



-13-

Table 2.1 Variation in recommendations of Ca and P 
uqulrements (gJday) for 50 kg a",a g1ving 
1.36 1 milk/day during first 8-10 .... s of 
lactation 

Recommen­
dation 

Ca 

p 

•• ____ ~A~R~C~~I r, __ ~N~R~C ______ ~1 

1965 

7.0 

1980 1965 

4.3 

4.1 

6.2 

4.6 

1975 1978 

10.9 

7.8 

11.0 

5.8 

I t "'as obvious that oJlila ARC triad to reduca the reCOMmen­

dations of both Ca and P, NRC triad to raise the values. 

Tho ucommendationa of ARC (1980) ",ere later objacted and 

~ertain studies wi th radioisotopas and lIinarel balances 

also pointed about the inadequacy of ARC (19BO) recommenda­

tions (Braithwaite, 1983). 

Indian recommendations for Ca and P requirements 

ere found in certain publications (Sen and Ray, 1964; Sen 

1111l.., 1978). ReViewing of racommendations did not bring 

in much diff.r .... c •• It is probable that veriabilities in 

animal production lavel sand aVail abili ty of f •• ds and 

fodders lIey ini tiate the necessity to raview the racomman-

dation s. 

further, considering the chang8. in Ca and p 

requirements as per ARC Dr NRC in conjunction with the 

variabilities in biological avaUability of Ca (Hansard 

11.1!.., 1957; Rddand Weber. 1976) andP (fisher, 1978; 

Witt and Owens, 1983) to livastock end poultry, it ie 

possible to speculate thet the quanti tetive daily supply 



of Ca and P from various sourc.s of min.ral supplements 

meY differ consideraDly to .e.t the animal requir .... nts. 

2.5 C, oDd P dlrtpl.nci" in liy.stgck 

While unconditional Ca aeficiency derects in 

l1veetock i8 not so predominant, P oIeficimncy i. very 

commonl y encoun tered in grewin g ruminan ta. But due to 

their interdependenc., it may b •• rron.ous to conaid.r 

them individually. Many disease conditione, as rickats, 

ost.omalacia. osteodystrophia fibrosB, pica, .tc. are 

very cOllmonly aasociated with Ca and p deficienciea. 

Apart froll rrank clinical conditione, defects in animal 

parformance and reproductive troubles slso get manif.sted. 

Thus, Little (1968) found subnormal growth in young and 

unsatisfactory weight gains in .. ature ruminants when 

.erum Ce and p concentratione atarted declining. Growing 

pigs, kept on maize and eayebean diets containing 0.34% P, 

showed lo .... r weight gains and serum P concentration, in 

comparison to. those kept on similar diets which was 

fortified with S9ft phosphate Dr diCllciulII phosphat • 

.. aking totsl dietary p supply to the level. of 0.54 and 

0.75% respectively (Hal'lllsn .t!.i1 .. 1970). Inadequate Ca 

and P supply through diet also affects mUk yield in 

cattle and egg production in poultry. On a P deficient 

and adequate protein ration supplied to cows in late 

pregnancy and early lactation, a significent depression 

in milk yiald ... as noticed (fi.hwlck .t! JIJ..., 1977). In 

certain area. of South Afric.a,whara P deficiency ",.s 
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sev.r., exogenous suppl ... entation of bone meal to the 

diet of lactating animals rnul ted 40-140% increas.1n 

the milk yhld (Sisschop, 1964). However, such enhanced 

influence on milk yield cannot be attributed solely to P, 

since bone meal also provided prohin. Lactating animals 

reapon d to dietary deficiency of Ca and P by nducing its 

mUk yield without affecting its .,ineral concentration 

(Underwood, 1 961). In .arly stags of deficiency, or 

where the deficiency is modarete, the animal is able to 

draw from its 0"," skeltel reservee of Ca and Pin ordor to 

oustain the demand. of lactation. But, when the ssme h 

prolonged or becomes slvere, bone .. rects and other clinice: 

signa become manito.ted and milk yhld is also impein" 

(Bisschop, 1964). An almost complete failure of milk 

production has bIen observed 1n BO~S red a Ca deficient 

diet during the previous pragnancy (Sacker,!.!;,gJ.., 1953). 

2.6 F"d festgr •• edifying C. and p .yail.bility 
in th' nutritipn pf liy"tgck 

The natural fee do and fodde~a wi. differ in 

Ca and P cont ... .r and to compensate for low mineral content 

in natural f •• ds and fodders. several inorganic compounds 

of geological Or industrial origin are .. lended in the form 

of mineral .upple.ents to f.ed livestock in order to 

auota1n animalYand health and productivi ty neads. 

In ea.rly studies, forbes .I!.i1. (1961) sho"'ld 

that high yielding cows fed on hay and concentrate diets 

sho","d negative Ca, P and Mg balance during lactat10n. 

Thoees .I!.I!.. (1952) .uggested that nonhgum1noul gras.e. 
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and forag •• gro,"" under tropical condi tion ere generally 

poor in C. and p content and when fe_ to animals ne.d loa 

supple.ent •• with additional C. and P to ovnCO"e their 

d.ficiency. 1'I0rrison (1961) suggested that stall fed 

aniaels ehould be suppleaanted with Ca an. P, into their 

whole IIU,ed diet or into the concenhete portion eo that 

intake of the.e ainerale are adequate for tha prodUctivity 

of the anlmal. I'IcDonald.!.l:.I1. (1981) reportad that 

cereal s and root crops &1'8 poor soul'ce or Ca and n .... 

aupplellentation under rerm conditione. 

Grazing aheep and cattle ingest variable amounts 

of soil and thus the dietary a1neral eupply froa ncr..l 

pasture herbage gats aU9lllentBd. fiald and Purves (1964) 

found that about 15% of total dry metter intake 1. contri­

buted by ingestion of soil in sheep grazing on winter 

pasture which serves a. addit10nal BOurce of 1I1nera1a to 

such animels. Suttle.l!.I1. (1975) carried out .tudies 

with gradng sheep in Great Britain. The, found thet 

total soil inge.tion m.y rise even upto 40% of total dry 

mettar intake from ""-nter pasturos. Soil ingestion on 

grazing could be to the extant of 1.600 gJd in cattls and 

400 gJday in sheep (Healy. 1967,1968; I'Isyland.l! .II!..,1975 
.<,} " I 

and I'IcGsrtht "1982). Even then. P deficiency is very 

frequently •• an in grazing ruminants of lIany perta of 

worl~ (Cohen, 1980). It is possible that presence of high 

quantity of 411 and re in such aoils m.y b. antagonistic to 

absorption and utilisation of dietary p (Rosa .!.l: .111.., 1982). 
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rertilisu applications to soils is likely to 

influence mineral uptake through soil contaminated herbage 

apart from bringing about improvement in herbage mineral 

content. ralade (1973) reported that superphOsphate 

application to the soils in Australia, at ths rate of 

125 kg/ha increased the phosphorus content of the herbago 

by 50 percent in addition to the influence it made in 

doubling the pasture yield. In s1 tuations where fertili zer 

application to soils is uneconomicalt additional phos­

phorus supplementation to animals Can be achieved by 

regUlar drenching ",i th mineral phosphates, use 0 f phos­

phatic salt licks or by treatment of water supply with 

soluble p'r'sphates (Underuood, 19B1). 

J Mineral supplementation through drinking water 

is possible only where animals access to water supply is 

controlled, so that there is provision of pretreatment of 

water in a reservoir before supply to the animal. 

Hemingway and nshwick (1976) described a procedUre of 

such treatment of drinking watar with soluble phosphates 

such as sodium phosphate or ammonium polyphosphate. aut, 

since treatment to improve mineral supply through drinking 

water WaB qui te expensive, Scharp (1979) further redUced 

the cost factor by using superphosphat., the cheapest 

material containing water solable phosphate, as phosphorus 

source. 

Under practical reeding conditions when young 

animals receive feeds containing roots, vegetables, 



silage, ha, or straw wi th little or no concentrate, P star­

vation also OCCUrs. I t is usual farm practice to supple­

ment such feeds with P containing additives, tJ"Iich have 

ban.ficial effects on assimilation of nutrients, deposi­

tion of, minerela and gro",th of the animals (Annenkov, 1982). 

However, good leguminous forages, tIlen consumed in large 

quantities, may provide majDr proportion of this eluent 

(Kearl, 1982). 

2.7 Grit.r!, Cpr "loct!po pf min.ral suppl,m,ots 

Due to cost considerations and l,ocal availability, 

the mineral mixture manufacturers select Ga and P supple­

ments not in the form of pure chemical compounds but in the 

form of locally available ores or other byproduct. for 

blending the aame into mineral mixture.. A ",ide range of 

compounds produced commercially from rock phosphate and 

other natural sources are available as Ca and P supplements. 

The lIIeri t on ""ich the various mineral sources Can be 

tested for their use as minerel supplement for animal 

f •• din 9 I.JOul d depan d upon (1) mine ral compo .ition, 

(ii) solubility in the gut, (iii) mineral availability, 

and (iv) presence of deleterious substance associated 1n 

these supplements. 

Different grsdes of csrtain mineral supplements 

vary greatly in their ch ... ical compDsition and mineral 

availabill t)'. 

availability of phosphorus from untrutod rock phosphate 

from different countries, found that only florida rock 

phosphate Y88 satisfactory in comparison to bone meal. 
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Dilworth !.!.i!.. (1964) reported differences in Ca availa­

bility to chicks froa five samples of reed grade phosphates, 

en d attributed these differences to be ~e to variation in 

mineral compoaition. Raid and Weber (1976) analysed 24 

samples of ground limestone and 5 samples ot oyster shell 

and found wide variation in the Ca, In, Mn, re and Mg 

lavels. The, also reported that availability of Ca to 

chicka from fiva ground li.estone aamples range. from 73.3 

to 109.4 percent in comparison to Ca availability trom 

pure analytical guo CaC0 3 which ".8 taken as 100%. Ross 

U Al. (1984) also found that Ca availability from diffarent 

sources 0 f calci tic limestone ..are not shlilar. Kearl 

(1982) has described wide variations in certain essential 

as w.ll as contaminating mineral con tents in aaD\ples of 

chalk powder, gypsum and rock phosphate. In Case of chalk 

powder, Mg content ranged froAl 0.01 to 0.42% ani re 

content ranged from 150-300 ppll. Apart from 2.5% Mg and 

300 ppm re concentration, gypsum and li,.estone contained 

Zn, Cu and Mn. The sample. ot rock phosphate contained 

16-32% Ca and 9-18% P. In addition, they conteined fairly 

good- amounts of PIg, CUt Co, r. and Mn. The r content even 

in d.fluorinattd rock phosphate varied fro .. 0.18% to 3.5%. 

Such findings suggested the existence of wide variations 

in the mineral compo.i tion of oIifferent Ca and P 8Upple-
, 

ment sourcas. 

Ammerman!! Al. (1977) suggested that conven­

tional and unconventional .. in.rel supplements need investi­

gation as regard the accompaniment of various toxic 
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ele.ents loJhich are found to occur in natural sources of 

mineral supplem.nt, Th.~ produced evidenc •• for the 

presencs of sufficient levels of toxic .l .... nts in certain 

many-mineral aupplements, Thus, lead and arsl!lnic levels 
! 

in MnO aampl ... " ... re found to vary from 660-2180 ppm and 
I 

119-1400 ppm respectively. Concentrationa of Hg, Cd, V 

and Sn w.re alae found to be in toxic rang. in many aalts 

of Zn, Mn, F. and Cu. The, round that r .... samples of 

phosphates contained i .. pur! ti.s 11ke Al, r, As and Hg 

which could b. detrimental to the health of anillals if 

uB8d .s supplement in mineral mixtures. 

It is advantageous to fortify the diet of 

animals only with particular min.ral el •• nt which i. 

actually defiCient in locally available f .. ct. and foctder. 

Morriaon (1961) pointed aut that it i. both uneconomicsl 

end injurious to us. a .uppl .... nt like dicalciull phosphat. 

or bone meal, ..... ich supplied bath Ca and P, to a ration 

which is defict'bt in Ca but has pl.nty of P. Undarwood 

(1971) sugg.sted that addition of ban ..... 1 to a chick 

ration ..... ich had planty of phosphorus, caused the 

condition of slipped tendeon becausa P excesa in the diet 

IRade PIn unavailable to the chicks. Diets consisting of 

brewer's mash and potato-pulp with a l1 .. itad amount of 

roughage, baco •• highly defic&'"t in Ca, but adequate in .. 
P, ..tieX'es. Bagasse read contains excess Ca, but very low 

P (AnnonKov, '982). Such diets slso n.od specifiC mineral 

supplementation. P supplement. aro generally more 
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" expensive than Ca supplements (B.amont, 19B1) and, 

therefore, cost conslderat1.ans also make judicious us. 

of P supplements mora imperative. 

2.8 Cgnventional cplcium and ebg'9bgrus suppl."nts 

Maynard and Looali (1969) outlined the composi­

tion of cartain Ca and P supplements for livestock "oding 

(Tabla 2.2). All the sources are not conventionally 

adapted in preparation of mineral supplements in India, 

partly becausa of aVailability considerations and partly 

because of lack of data about the relative merits of 

individual ingredients. Thompson (1980) indicsted that 

Table 2.2 Certain sources of Ca and P oupphments 

Supplements Ca(%) P (%) 

Animal bone, steamed, 
Oehydrated 29.0 13.6 

Oicalcium phosphste 26.5 20.5 

O.fluorinated phosphates 29-36 12-18 

limestone ground 33.8 

Animal bona charcoal 22.0 13.1 

Calcium phosphat. 17.0 21.0 

Sodium phosphate 22.4 

Oiammoniumphosphate 20.0 

Oyster shell 35.0 

calcium phosphates af' the largest group, in tarms of 

quantity used and there W'1'8 many varieties \.Iithin the 
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group. HI 8ubdividld the calcium phosphat.s into two 

major type .. (1) natural and unprocessed matorials, 

which include (a) rock phosphate from different eOUrCes 

and of varying composi tion, (b) collodial or soft phos­

phate (c) bona meal, and (2) chlmically processed phos­

phates, which arl subdivided into t..., groupa:(.) dical­

c1um phosphate and (b) defluorinated phosphate. 

In India, mineral supplements under various 

trade name. are available in the.market. Tha Indian 

Standards Institution (151) impose compositional standards 

of lOinlral!mixturas for different category of H •• stock 

/end .. odify the standards periodically. lSI (1960) 

recommended the use of Bone maal. chalk powder end 

dicalcium phoephate (OCP) in proportions of 45, 10 and 12 

percent respectiVely, as Ca and P sources in the mineral 

mixture for cattle •. Quality specification a of bone me.l 

'",.a also laid do"," (lSI, 1961). In its first ravision, 

1,1 (1968) allowed the use of calcined bone meal in 

addition to .teamed bone me.l, chalk powder and dicalcium 

phosphate. But, in the .econd revhion, the lSI suggested 

the use of ground oyster shall, and replaced chalk powder 

with ground limestone in the recommended liat of ingre­

dients for US8 in the formulation of a mineral mixture and 

for the firat tima alec made the prOVision of Zn supple­

mentation to mineral mixture (l5I, 198~. 

Ground 11mestone and chalk powder which 

contain around 40 percent Cat are potential sources added 
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to mineral mixtures to fortify the need of this oloment. 

Keaf ('1982) has luggested that steamed bone meal, dicel­

Ci1' ~hosPhat., ~round lim.atone and defluorinatad phos-

phat .. as good Co and P supplements available in most rogions. 

Product which the feed inclUatry refers to as 

"defluorinated phosphates" are produced by reaction of rock 
• 

pho,aphate ",i th phosphoric acid and sodium carbonate 

follo",ed by calcination of the mixture at high temperature 

( > 1000oC). The product obtained ia mostly tricalcium 

phosphate. Calcining drivas off fluorine and converts the 

phosphate rock to a form ..tIich is biologically mOre useful 

to animals (Thompson, 1980). Incidently many materials 

uhich are used 8S P supplement supply significant amount 

of Ca also. Apart from bono meal and dofluorin.ted 

phosphate, dicalcium phosphat. is another supplement ",hich 

can be used both as Ca ano. ... tp sourc~. Dicalcium phosphate 

is produced either chemically or from bones. In former, 

calciuRJ carbonat. and phosphoric acid are reacted together 

to form a mixture of dicalcium phosphate and monocalcium 

phosphate. In cas. of dicalcium phosphate prspared from 

bonas, the matorial is treated with hydrochlOric acid to 

form .. onocalcium phosphat • ..tI1ch is further neutralised 

",i th lima water,and dicalcium phosphate is precipi toted 

out (Thompson, 1960). 

2 .. 9 Uncpoy.ntlgn.l Ca aod P supgl.ments 

Inad.quate allailabllity of dicalcium phosphate 

or bo". meal in certain areas may raise the cost of 
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manufacture of fl\ineral mixtures dUB to expenees involved 

in transportation from a distance. loIith tho development 

of indvstry and consequent avaHabili ty of certain wast. 

materialst there afe possibili ties for use of many of such 

waste materials in the manura.tufa of mineral mixtures. 

Mo r1 son (1961) suggestsd thst oyster shell, groun d cloan 

shells, wood ashe., gypsum and dolomi to limestone can be 

sati .factory Ca supplements. Gohl (1961) reported that 

calcitic 11m"stone containing 36.4 percent Ca,~can 

safely be fod free choice mixed wi th salt to livestock 

as mineral supplement. fe ... of the supplements that have 

more potentiali ty of being used as Ca sources, because 

of its avallsbUity, have been discussed belo ... : 

Uncooy.ntipoal Co §uppl,m.ntBq 

Gyosum:- Tho poasibility of using Gypeum, ..nich contains 

CsS04,2H20 to ths level of 87% (Sinhs, 1961) a8 calcium 

supplement for livestock waS considered by certain workers. 

Krogger and Cerrol (1964) reported thst gypsum reeding ~ 

~ ... any significant deterioration on ruminal micro-

florss population and activity or !n vitro cellulose • 

digestibi14ty, b'lt ".croaeed tho rat. of passage of ruminal 

contents through G.I.tract. Tho, el80 observed that on 

feeding high levels of gypsum, thare ",as significant 

increase in blood plasma sulphur concentration and caused 

acidosis. Bouchrad and Conrad (1973) used gypsum to 

increase calcium and sulphur content ot the basal ration 

and found •• creae. in read intake, ~u. to excessive 
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accumulation of sulphur which eventually depressed the 

f •• d intake. On the contrary. Gartner and Rourk. (1974) 

observ.d no influ.nca of gypsum supplementation on 

nutri.nt utilisation from dil'l' atent roughage.. Ho .... v.r. 

Gypaum has not b.an found to be a euitabh source of Cs 

in poultry (Morrieon. 1961). Wal droup .a.!i.l1. (1964) 

observed that availabill ty of Ca to chicka froll pure 

Ca50 4 ... as .ssentially similar to CaC0 3 • ground oyster 

shell. ground 11m.stone end calcium gluconate. 

Pho.phogYPBUII1:-This substance 1s produced 8S a byproduct 

in the indJstrial manufacture of phosphoric acid from 

rock phosphate which is/h.ated wi th sulphuric aci d to 

produc. phosphoric acid and phoaphogypaum. ;". annual 

production of phospho gypsum in India i. to tho tune of 

2.B lIillion tons. It ia considered as a superior grade 

gypsum having 80-90% purity e. ,gainst 65-70% puri ty 

which i. found in agricultural grad. gypsum (Shrotria 

and Miehrs. 1976). Phosphogypsum. however, do .. not 

contain very high phosphorus to merit a qUalification 

for use .a phoephorua supplement for ruminants, but 

phoaphogypsum may be as good a Ca supplement as gYPsuRl. 

Re.ul ts of ani .. al reeding experimants with phosphogypsum 

are too .. eagre. 

0019,it. li"stpn.:_ Sinha (1967) raported that dolomite 

limestone contains 56 percent csIciuRl carbonate ana 

46 percent lIa9.esiuII carbonate. Therefora th1s level 

of Ca and Mg .. akes dolomite lim.stock a. suitable Ca and 
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PIg aource for ruminants. Morrison (1961) suggested that 

dolomite limestone is fairly satisfactory source for both 

Ca and PIg supplementation. H. also indicated thst due to 

presence of high amount of I'IgC0 3 it was not suitable for 

poul try. Most of the findings, however, seem to examine 

dolomite lim. stone as a potential PIg supplement source 

rather than a Ca supplement. Gerken and fontanot (1967) 

found depression in carbohydrates digestibility and blood 

serum I'Ig values in the dolomi te limestone fed group in 

comparison to pure PlgO fed group. Rehnema and Fontenot 

(1983) observed greahr utlliaation of PIg from PlgO than 

from dolomite limestone due to greater absorption of PIg 

in sheep fed rlgO supplement. They reported that PIg 

absorption ",as 0.89 g/day in I'lgO fed group in comparison 

to 0.51 g/day in dolomite limestone group. Such deprossion 

in PIg absorption may alao probably be dUe to the high Ca 

content of dolomite limestone. 

Industrial wast., as eft SHPplMWJt:- aecause--: of their 

bilfllposi tional quali ties and easy availability, certain 

industrial ",astes could serve as possible Ca supplement 

sources. The se sources may be 'c8usticization sludge 

waste l from paper industries containing 12-16% Ca, dried 

filter press mud waste which contains 30-40% Ca and 

cemont 'kiln dust' which contains 36% Ca. Gohi (1981) 

has reported that dried 'filter press mud \.Jests' is e 

waste material of any sugarcane indUstries, and it can 

replace at least 50 percent of the concentrate mixture 
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in the diet of ruminants, because apart from Ca uhich is 

present in the form of calcium sulphat. and calcium phos­

phate, it also contains proteins and carbohydrates 'in 

considerable amounts. Noller.!!.Al. (1980) found that 

'cement kiln dust' ""ieh is also rich In Ca and many other 

trace elements, showed favourable response when red to 

animals as Ca supplement in comparison to reagent grade 

CaC0 3 • 

4nconvlntianal p IURQl.mants 

In a mineral mixture, it is the phosphorus 

supplement which Is qui te an expensive ingredlen t. 

Different chemical forms of phosphorus compounds in a 

mineral supplement dO not show similar phosphorus availa­

bility. if fed to livestock. Studios indicated that 

phosphorus present in bone maal, mono ... eli and tri-calcium 

phosphate, sodium pyrophosphate and curacao island 

phosphate ",ere more available to chicks but colloidal 

phosphate or soft phosph·ate of colloidal clay ",ere not 

available (l'Iotzock .!!.Al •• 1956). In ruminants. different 

P supplements such as urea phosphates, mono-ammonium 

phosphate and dicalcium phosphate gave good respon •• of 

grouth and Pretention. uhen fod to P deficient sheep 

(riahuick and Hemingway. 1973). Later, fishuick (1978) 

found that two forats of magnesium phosphates, trl-calcium 

phosphate and feed grade dicalcium phosphate served as 

good P aupplement. in improving ... eight gains and P 

retention in P deficient she.p. 
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sort phosphat! 9f cglloidal clay:- Soft phosphate of 

colloidal clay or colloidal phosphat. is a mixture of 

fin. particles of rock phoSphate and clay and contains 

1 ••• F in proportion to P than that of rock phosphate. 

Morrison (1961) suggested that soft phosphate should not 

be used for a long period(as the only phosphorus supple­

ment. Plumlee.t.!.gL. (1958) rsported that availability 

of phoaphorus to cattl. OJas poorest from 80ft phosphate 

and it resulted in significant reduction in feed gain 

.fficiency, f •• d intake and serum inorganic P l.v,ls, 

when compered to steamed bon. lI'al, defluorinated rock 

phosphate, dicalcium ph08phate and phosphoric acid a8 

the SOurC' of P. 

Rgck phQsghat';_ Rock phosphate, which mainly contains 

tricalcium phosphate, had been invariably used as 8 

phosphorus supplement for cattle. After the Uorld Uar r r. 
when bon. m'al was in short supply, the Use of raw rock 

phosphat. bleame more prevalent as Ca and P supplement 

sourc.. AHpov (1955) observed that continued res ding 

rock phasphated eupplement for mora than 3-4 month s in 

place of bone meal resulted 1n decline in animal perfor­

mance and also depOSition of r in t.eth and tissues. If 

practically all the F present in rock phosphate is 

removed,then defluorinated rock phosphate is entirely a . 
safe substitute for bon. meal (Morrison. 1961). Maynard 

and LoosH (1969) also reported that Ca and p of raOJ rock 

phosphate are absorbable but f •• ding thase prodUcts is 
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harmful buau.e of f present in it. Gohl (1981) hae also 

.uggested that rock phosphate should not be us.d in animal 

feads unless it 1s guaranteed to contain less than 0.4 

percent f. Thus. the level of f is an important criteria 

for ueing roCk pho.phate as P suppl.ment in animal feeding. 

Heat treatmsnt required to eliminate f present 

in rau rock l'hosphate resulted in los. of biological 

availability of the phosphorus (UnderWOOd. 1981). 

Witlt and Duena (1983) observed that P from 

defluorinatod rock phosphate "as not so soluble and 

ther.fore was 1.BS available to ruminants 1n comparison 

to other sourc •• of P such as Gicalcium phosphate or 

90 cliURI phD sphat •• 

fertiliser grad. phosphAt. 

Tho agricultural grade phosphatic fertilisers 

like superphosphate (essentially monocalciu .. phosphate). 

, NPK fertiliser ( •••• ntially ammonium phosphate) and CAP 

(diammonium phosphate). ara produced in our country from 

1ndigonou8 rau rock phosphate. On the basi. of thair 

min.ral composition, these sourCes could be us.d as 

possible slt.mat. sources of phosphorus supplements 

(Kearl. 1982). Agarwala.!l:.I!. (1971) rsported that 

calcined sup.r phosphat. !Jas more satisfactory source of 

phosphorus in lambs ration in comparison to uncelcinad 

superphosphate because of the f prllsent in the latter. 

Calcination process removed r from such supplement. 

Gohl (1981) ha. suggested that fertiliser grade super­

phosphate can be used as lIineral supplement if no other 
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source of P 1s available. In using this, he suggested 

that it should be thoroughly mbed in aufficient water, 

and the extract ot the soluble phosphorus thus obtained 

by pouring off the supematent liquid may be used aa 

phosphorus supplftlent for ruminants. 

2.10 foctgra mgdifying mio.ral utili.ati90 
fmm ,in.r.l auPpll'lOts 

The value of a minoral supplament depends 

not only upon its mineral content, but also on the 

amount that the an1mal can extract and r.tain for its 

own usa. Different chemical form. of a mineral element 

differ con.iderably in their availabili ty due to 

d1ffersnces in their .olubility in the G.I. tract. 

pH pr tho gut and 'plubility 9' min'Fo! a 

Th. release of minerals from their compounds 

in diet or mineral supplements and their availabili ty 

for absorption depends also upon the solubility, &.Ihich 

in turn is influenced by pH of the gastrOintestinal tract. 

Existence of. binding 'Ugand.' in the gut also influenc". ' 

the net availability of minerals for absorption. Tha 

aocrotion of gastric juice helps in the relaa.e of Ca 

and I'Ig in the abomasum &.Ih ... 88 decreased acidity is 

associated with II reduction in proportion of ultra-

filterable Cs and I'1g which is svailable for absorption 

(Sto~y .!1 AI.., 1966). In abomasum, uh ... the pH rang •• f,'<.::', 
from 2-3, there was virtually no bound Ca or Mg. Kroe 

u.A!.. (1966) claimed that the apparent differences in 
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the absorptive capacity of tho different regions of ... a11 

intestine are related to pH and therefore to the solubi­

lities of the minerals in the gut lum.n. » 
Witt and Owens (1983) compared the availability 

of phosphorus frail diff.rent supplement sources such as 

monocalcium phoaphate, dicalcium phosphate, defluorinated 

rock phosphate and sodium phoaphate. They found that 

phosphorus was available to the extent of 88, 62 and 40% 

from the respective sources in comparison to sodium 

phosphate. l!l vitro phosphorus .olubility of th ••• sourc.,s 

one hour after incubation in abomasal fluid were 71.6, 

41.3 and 29.7% respectively compared'to 100% for sodium 

phosphat.. In the rum.n liquor, the •• eolubilities were 

still lower. 

Chlmi Gal CD Em 

The availability of mineral elements to 

animals does not only depend on the total supply of the 

mineral elements in _uestion. Variations in mineral 

availability are seen also with the chemical form in which 

the major or trace minarars exist in a sup;Jlement. 

Gillie • .I.l;,Dl. (1954) reported that pyropr 
I 

metaphosphate were not .s satisfactory as orthophosphate 

or mono, d1-or tricalc1um phosphate for chicks.. Chapman 

II Al. ('955) comparod dlcalcium phosphate, phytin phos­

phorus and steamed bone meal as P source for suin. and 

found that P utili sation from phytin ph~ sphorus was 
" :-. \ 

poorest. Tillman and Brethour (1958') reported that 

availabili ty of P from monocalcium phosphate was 58% 1n 
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comparison to 37% in Case of calcium phytate, and there 

were no significant di frereness in terms 0 r apparent or 

true dig •• tibil1ties of 1;I1i. element. Goodrich!J:~. 

(1967) reported that elemental sulphur i. better utilised 

in ruminants 1;I1an sodium sulphate. Ammerman!.J: Jl.!.. (1972) 

found that 1;I1e apparent absorption of Mg from reagent 

grade MgC0 3 and feed grade MgO and I'Ig5O in sheep ranged 

from 52-56% whereas that from magnesite oro (MgC0 3), it 

was only 9-14%. 

fisher (1976) did not find any .ffact on plasma 

P levels or on faecal P excretion uhile compering the 
(i) (,{, 

four supplemental forms of phosphorus: mena-calcium I 

phosphate, dicalclum phosphat., mono ammonium phosphate 

ano mono sodium phosphate. However, the digestibili ty of 

acid detergent fibre fraction waS 59.2% for monosodium 

phosphat. compared to 56.5% for mono ammonium phosphate. 

The production of propionate \Jas also considerably higher 

with mono sodium phosphate compared to other sources. 

Brink and Stule (1965) compared two Ca sources, lim. 

and dicalcium phosphat. in the diet of ruminant. to 

provide 0.7% C. and found that post ruminal digestion 

of starch and NOf \JSS significantly higher in limestone 

fed groups. 

The influence of the chMical form of mineral 

supplement on their availsbility has also been demons­

trated for certain trace .l .... nts. Mitchel and Schmidt 

(1926) demonstrated that diotary forric chloride and 

ferric ammonium c1 trete were more .ffective 1n raising 
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haemoglobin levels of anemic rats than ferric oxide or 

ferrous carbonate foms. Amm"man!.1'u'. (1967) .ho .... d 

that biological availability of r. from ferroua sUlphate, 

ferrous carbonate, ferric chloride and ferric oxide lJaS 

in decreasing order in calves and sheep tilen evaluated on 

the basis of tissue r. 59 deposition. They furthor 

suggested that loyer Bolubl1i ty of ferrous carbonat. and 

ferric oxid. might be the rosson of low r" availability 

from th"se compounds. rritz.!! JLl... (197C) d"termined tho 

relative biological allailability of lIon ftOIlI lliffu8I\t 

iron compounds and suggested that iron sources Buch as 

f"rric ammonium citrate, ferric chloride, ferric sulphate, 

ferrous ammonium sulphate and ferrous fUlltarate ""erl 

superior when compared with 8 standard source. ferrous 

sulphate (r.~4' 7H 20); whereas sources such as forric 

oxide, f.rric orthophosphate. ferrous carbonat. and sodium 

iron pyropho sphsto were found to b" inferio r. Bremner 

and Oolgarno (1970) also found that utilisation of iron 

from iron phytate in bulls was inferiof to that of ferrous 

sulphate, ferric citrate or forricEDTA. Sullivan (1961) 

added different levels of various sources of 1n to the 

basal di.t of a~.dsy old poul t. and found that Zn in 
h 

technical grad. ZnC0 3 , USP grsdo Zinc SUlphate (ZnSO~.7H20) 

was more readily available than reagent grade Z"C1 2 ; 

while Zn from zinc oxide and zinc sulphate (znS04.H20) 

moth technical grade were relatiVely unavailable. S.al 

and Hoaton (1983) studied tho ch ... ical factors affocting 

the intestinsl absorption of Zn in rats and found that 



the uptake from gut segments varied with the form of 

inorganic salts usec!. They found that the uptake was 

in the following order znS0 4 > ZnC1 2 >ZnP0 4 • Oewey.l!.il... 

(1958) described an orally aaainistered heavy pelht made 

of cobalt oxide and clay which ramain8 in the reticulo­

rumen for sevaral months and ralease. Co at a rat. slow 

enough to meet animal'a requlr ... ent. Smith and Looal! 

(1957), Becker.!L!.iJ... (1965) have repo rted that the 

carbonate, chloride, sulphate and ni trato forms of cabal t 

have all been proposed to be satisfactory d1etary sources 

of Co, but because of/cartain desirable physical charac­

teristics. cobalt carbonat. 1s the SOurce 0' choice in 

feed in dustry. Chapman and B.ll (1963) have suggested 

that both the physical characteristics of compound and 

biological value of Cu, cupric sulphate waS tha most 

suitable source for dietary supplementation. Physical 

characteristics &ometime s become impo rtent consideration 

for feed manufacturer in selecting a compound as raineral 

supplements. Bandem.r.l! ..... (1940) compared tho biolo­

gical availability of Mn from 'Rhodocrooit.' (a natural 

ore of Mn) and precipitated manganese carbonste, and 

found that even at high level. (125 ppm Mnl the former 

aource was completely ineffactive in preventing pero.is 

in chick whereas ';t 40 ppm Mn supply through mangan •• e 

carbonate, perosis weS completely prevented. They 

suggested that the difference waB because the one was 

soluble in dilute Hel at high temperature, whereas MgC0 3 
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was re.dily soluble in cold d1lute Hel. These findings 

fUrther indicated th.t it .... s not the pres.nce of 

extranous mahd.l auch aa silica in the ore which was 

reopon sible for the low availabili ty of I'In, but the 

rOason lied in it. solubility. Although, biological 

av.ilability assaYs for I'In have not b.en conduct •• in 

ruminants, but manganese either se chloride or sulphate 

.. ay be effectivo sources of I'In for catth (Bontloy and 

Phillips, 1951; Rojas et .!!l.., 1965). 

2.11 Int.r'GtigDs ipflyencing calcium ,nd pho.bprus 

Apart from the absolute qu.nti ty of d1etary 

supply of ea and P either through feed or minoral supple­

mont and the ch"",1cally available forms of those material 

ele.ents as discussed earlier, the utilisation of Ca and 

P is also under the influence of nUI'Aber of factors. The 

factors have been discussed as: 

(1) Ca and P interaction and signific.nco 

of CasP ratio. 

(11) Inbraction with other mineral elements. 

(iii) Inhraction lJith certain or9anic nutrionts 

(1) Calcium ADd phpaghorus int,ractigos 
.nd "patfiean,' 9 r c,;p ratioe_ 

• 
Certain studies suggest that calcium statue 

of animals determine the major regulatory influence on 

P turnover, mostly mediated through hormones. While 

Par.thyroid hormone (PTH) incroasas salivary P concen­

tration (Tomas, 1974), it maintains plasma Ca levels 



stable largely by mobilisation from bones (Krolllfleld 

Sot .!11., 1976). ThoU i. a nogative feedback of blood Ca . , 
.' 

level on ~TH .,secretion. However, variabilities of plasma 

p level. e .... no chango of PTH .. cution (ShorL.Ood .!! .Il1., 

1968). Tho action of PTH on bene resorption is dependent 

on the presence of 1,2S-dihydroxyvit,° metabolitea 

(Omdahl and DeL~ca, 1973) and is inhibitod by calcito~in " 

of thyroid gland (RBam~ss.n and Tenenhouse, 1967). At 

high Ca intake there is depression in production of 

1, 2S(OH) 203 

(DeLuca and 

and consequent reduction in P absorption 
,v' 

Schroes, 1976). Conversely whan dietary ta 
" 

, '. 

i. 10101, there is an increase in prodUction of 1,2S(OH)2-D3' 

absorption of P, secretion of PTH, salivary P concentra­

tion, and mobilisation of P from bones to soft tissues 

(Deluca and SchnoBs, 1976). 

Liberal supplies of vitamin 0 reduces the 

significance of adverse Ca:P ratio and enables the animal 

to make best use of limited intake of these minerals 

(Borle, 1974). A dietary Ca'P ratio betloleen 1,1 to 2:1 is 

believed to. be ideal for growth and bone formation since 

this is the ratio of' the two minerals in the bones (Kearl, 

1982). However, ruminants Can tolerate a wide range of 

Ca:P ratiO from 1:1 to 7:1 particularly when vitamin D 

status is high indicating that the regulation influence 

of Vit.D is mostly mediated through Ca and there is no 

strict regulation influence on P (Wise .§j; .l!l., 1963). aut 

the P requirements must be met adequately. In the same 

study ratio of' Ca and P beyond 7:1 decreased feed utilisa-
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ticn and growth rate significantly. Similarly the ratio 

of Ca:P lower than 1:1 in the diet of beef cattle had 

shown more serious adverse effects in terms of daily gain 

and feed efficiency (lJise .!.!: £!.., 1963). 

(ii:, Interaction with other minerals:-

Studies indicate that several other mineral 

elements are knolJfl to influence the absorption and utili­

sation of Ca and P in the diet. In such interactions 

the effects of CI, Zn, Mg, f, NH 4Cl, fe, Mo, Cu, AI, Be, 

and Mn have already b .. n investigated. lomba.!.!: £!..(1978) 

observed that chloride and sulphate tended to stimulate 

Ca digestibility. reeding of high levels of Zn to lambs 

was found to depress the net retention and true digesti­

bili ty of dietary Ca and reduced the P absorption 

(Thompson at Ai., 1959). Ca and Mg are similer in many 

respects and there is an evidence in monogastric species 

that Mg may replace some Ca when it 1s lost from bone 

(rontenot and Church, 1979). Adding 100 ppm r in drinking 

!Jater depressed Ca absorption in calves (Ramberg J!!~. 

1970). Supplementing of calves uith NH 4Cl increased 

absorption and uriliary excretion of Ce and decreased 

urinary pH (8raithualte, 1972). Addition of Cu or Mo in 

the form of copper sulphate and sodium molybdate resulted 

in marked decrease in the urinary P excretion (Shirley 

.!1 il., 1950). High r. levels (1000 ppm) in the diet of 

cattle were found to have some depressing effect on the 

plasma P levels and also tended to decrease its apparent 
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absorption (Standish.!!.i!l. t 1971). Mineral elements like 

Al, Mo, BE and 5 are also knoU'l to influence P utilisation 

and absorption as reviewed (Jacobson at~., 1972). 

(iii) lnterac:tion with organic nutrients:-

The availability of Ca and P are also iorluenead 

by the presence of some mineral eioding agents in the diet 

which might decrease the absorption in the gastro­

intestinal tract. Presence of high amount of oxalates in 

paddy straw render the Ca unavailable by foming insoluble 

Ca-Oxalah in tho gut (McDonald.!.!: .lI!., 1981). The 

insoluble phytates which are found in 90yabean meal, cotton 

seed, sunflo\oJer seed and seaSam seed cake bind wi ttl P and 

certain micro-elements like Zn by forming insoluble 

complexes which are di fficul t to as simile te (Geo rgi evi skii, 

1982). Dietary fat was shown to have a depressing effect 

on Ca u..tilisation by ruminants (Tillman and Brethour, 
,<1...<...;. P 

1958? duo to the formation of insoluble Ca soaps in the 

gastro-inhstinal tract (Roberts and I'IcKirdy, 1965). 

Lactose and other sugars were found to stimUlate absorp­

tion of Ca and some amino acids in some species, but the 

mechanism i. not cloar (fontenot and Church, 1979). 

Stilling II J!l,.. (1964) havo sho ... n improved 

retention of Ca and P in animals consuming high N forages 

as compared to low N forages, even though Ca intake was ( 
In -) ! ' 

less. iJadsworth and Cohen (197!i) have suggestod that 

sui table response to P supplements Can only be anticipated 

if intake of other nutrients like protein and energy are 
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adoquata. Supplementation of P alono to a diet low in N 

content is able to provide little stimulus to animal 

prodUction system (Cohen. 1976). Tho rolo of vitemin 0 

in absorption and assimilation of Ca and P has already 

been discussed. Massive dos.s of vitamin 0 ",er. found to 

cure • rickets t and improve P r.tention in sh.ep (Ewlr, 

1951) and increaso Ce and P absorptlon ln catUo (Conrad 

II JU. •• 1956; Srelthwalto II JU. •• 1972). Certain 

synthotic hormonos liko estrogons (d1ethylstlllbostrol). 
t..y..C ..... 4_.I. ' 

progesterone or hexeetrol wlr. found to! the absorption 
h :"!r--

of Co 0 r P 0 r roduco the! r u tinery oxcrotlon{ "'hi taha1r 

.!! Al •• 1953; Shrodor and Hansard. 1958; Srai thwai to 

.!! JU... 1972). 

2.12 Us. or ~h.latin9 lo,nts in r.latig" 
tg min.rol ayailabili ty 

A very controversial aspect in the claim 

about botter absorption of minoral elements by using 

cholstad supplements no.ds further invostigation. 

In thodiglstivo tract. difforent minoral 

.lements form ne", bonds with various organic SUbstrate. 

The strength of the bonds dopond not only on tho nature 

of the .lement in question but also on the nature of 

campl.xing substrates generally called the 'ligands'. 

Cheletes, which are internally complex compDuntls, 

are fo!,!!....d bet"",een metal and ligands due to primary and 

secondary forces of valencies causae:! by the presence 

of N. 0 and S atoms in tho ligand (Coorglovskii. 1982). 

These el.ants have electron pairs which are Capable of 
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completing tho .hctron shell of tho central motal ion 

by forming coordinate linkage. (Chemavina, 1970). The .. 

are claima that by cholation, the activity of tho 
5 7 elements in such complexes become 10 -10 times enhanced 

than tho activity of the metal in ionic state giving 

beneficial effects to the organl ... (Chirn.vina, 1970). 

Many elements, Ca, Mg, Zn, re, Co, Ni, Cu, Cd 

and Hg, are kno~ to form complexes with variable ligands 
. e. 

such 88 amino acida, polypeptides, porphyr.ln, hetrocyclic 

compounds, organic acids like aminoacetic, oxalic, citric, 

mallc, formic and phytic acids and EDT". Natural feods 

... 1th strong cholating property include dry malt residUes, 

molasses and soya, cotton se.d, sunflower se.d and a_aaam 

seed cakos loIhich contain insoluble phytatos(Goorgievskii, 

1982). 

Thus chelates function in two oppoal te ways 

in the dig.stivo system:(i) thoy augment the deficiency 

of er-ment in question by making them insoluble and thus 

unabsorbablo(ii) they enhance the utilisabUity of tho 

element by increasing the activity in comparison to the 

ionic state. PrObably dUe to strong stability constant, 

tho cholato picks up the motal ions from tho fus ana 

transports 1 t through tho intestinal wall ana thO tissues 

in better way. Thl stability of complexes formod by a 

11.allnt mltal ion anol a ligand 1. govornld by tho .,.... 
I rving-lJilllams ssles ,.based on hard or soft nature of 

-~'--'-

acids of .. etal cation. 

Ca < I'Ig <: Mn< rl < CQ< Ni <.·Cu <Zn 
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Stable bonds are forme d onl y by hard aci d with hard 

base or soft acid wi th soft base but weak bonGis exist 

betwe." hard acid and soft baSI Of J£!£.! v.rsa. 

Mostly confining their studios to pig and 

poultry, many reslarchers claimea enhanced assimilation 

of diotary microolomonte by adding strong cholating 

agents (EOTA, aminoacotic acid derivativ~s and allino 

acids) and by prechelation of tho minoral olamonts. 

Thus, Cu gets deposited in liver to a grlater extent, 

when fod in tho form of .... ino acid or peptide cholete 

than as copper sulphate (Kirchgessner and Grassman, 

1968). Similar findin gs have al so bo on reported with 

Zn and EOTA (Kratzer li .ill., 1959;; Scott and Zeiglor, 

1963; Kretzer and Starcher, 1963). While tho 

advantageous .ffect was dUI to enhanced absorption, no 

.ffect was shOU1 on the pattern of Zn excretion or OM 

digostibility in goats and calve. (Powolili .d., 1967; 

Miller U .D1.., 1968 ana Hiors U Ai., 1968). In vitro 

stUdies wi th ruminal buffers indicated marked increase 

in solubility of Mn, Zn, ro and Cu cheIsted pr .. ix 

mineral supplements than thrae different sources of 

commercial mineral mixtures in unchelat.d forms (foll, 

1966a). In separato studies, they suggested that in 

presence of molasses in diet of st •• rs, the solubility 

of M·n, re and Zn u1th chelated supplements was 40-50% 

but with uncholahd sulphate salts of tho minoral dount, 

tho solubility was dopressod to 4-7% in presence of 

molassos than wi thout it (roll, 1966b). 
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Studies wi th Ca availabili ty in presence of 

chelat •• are •• ry scanty. forb.s (1961) obs.rved that 

addition of EDTA to soya protein diet of rats .ho .... d no 

influence on Ca and Mg balanc" -and deposition in bones 

but helped in b.tter Zn retention and body ... t. gains. 

Thoy also suggest.d that EDTA comph.ed with c.rtain 

.,In.rals in acidic pH of tho stomach and got dissociated 

in alkaline pH of the intestine for b.tter absorption. 

Certain evid.nce. sugg.st that bett.r absorption of 

EOTA-2n complex than protein Zn complexes founa in teeds 

might be due to small.r molecular size of EDTA-Zn complex 

facilitating its absorption (Darwish and Kratzer, 1965). 

Under the circumstances, it was considered necessary to 

study tho influonce of EDTA supplementation on Ca distri­

bution in rumen, its flow and utilisation together with 

the influence on the utilisation of other mineral ele­

ments from prepared mineral mixtures. 

The literature cIted above suggest that various 

min eral Buppleman ts have di ff.rent poten tiel! tie s in 

supplying both major and trece minerals. Such potentiali­

ties do not necessarily depsnd upon the chemical composi­

tion alone but also on the ruminal environment where new 

complexatlons may form. The different chemical form, 

pH and solubility of min~rals influence the availability 

in the G I tract. Some Urnes diff.rent forma also 

influences tho utilis.tion of other nutrients. 5uch 

s1 tuations in the rumen wi th different mineral supplement 



source need detailed investigations. In the investi­

gation proposed the possible al ternative sources of 

Ca and P supplements are contemplated for study in 

comparison to a standard source. 

-0-0-0-



CHAP TE R_I I I 

SCANtlING VARIOUS ALTERNATE SOURCES Of 
C. AND P SUPPLE"ENTS fOR USE IN fUNERAL 
"IXTURE fOR LI VESTOCK 



txPERII'IEN T_I 

In In_a, .in.rel .ixtun. for liv •• tock , .. ding 

are ... rk.teol untl.r varioua tra". n .... enol the quaIi ty 

stan.ard. of such pro~cta ar. regulateol accortling to 

"".cHication of 151 (1962,1968 an" 1982). l'Ioatly~. to 

cost consillarationa, Ca enol P sourc •• in .inaraI .ixturee 

au includ.oI in the fora Of are., rock. enol ather locally 

available natural .. urc... Apart fro. co.p •• itional 

varlaaUitt •• in such sourc.s, pr.senc. of potentially 

toxic lavels of on. or .ore .innal al_ante ( .... man 

a1 ~., 1977) •• y li.it the us. 0' such ingr._ante. lSI 

stanolard. (1982) r.co .... n .... the us. of bona .aal, chalk 

powolar an. lliealclua phoSllh.te a8 C. en. P au"pl ... ts 

in .in .... l .htun.. With the oIavaIop •• nt 0' inwetry 

.nol avallaall1ty of inoluatrlal w .. tae, thar. ere lIoe.i­

ailit1ea or ualng such waat ••• tadal. alae 88 C .... " P 

aullpl_enta for livestock ' .. _ng, "rovillaol coapoaltional 

characteri.tics of auch •• terial. ara eatisfactory. 

3.1 MATERIALS .Ng PlETHODS 

3.1.1 Cpll"tigo 9' ,,,.1 .. 
,or this expari.ant certain conventional anol 

unconvantional .. eterials such aa Diaalciua pho""het.(DCP), 

rock "ho""hate. l'Iuasortla rock "hoaphah, fertili .. r ,reol. 
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.... ".rpho.phat.a. HPJ( fertiUaer. Kiln tluat, gypau •• ph".,ho­

gYl' ..... , chalk "e .. lI.r, .ar~la, li •• , li •• eluolg ... aata, 

filter ,Ir ••• lull wasta, fly ash, •• 1,i .,,'i,lSh,ri •• ittl. 

an" plaatar ot "aris .. au coll.chd fro. various aourc .. 

(Tabl.3.1). 

Ta~la 3.1 So ... rca. anol .eaplil'l9 of conventional an" 
non-convantlol'lal C. anti P .... "pla ..... ta 

S. SullPl ...... ta "0.0' Sourc •• No. a"'Il •• 

1. GYII ..... 3 i) Hervana len4 racl ... tion 

11) 
otfica, K .... al 
C.ntrel Soil S.linl ty Res. 

iii) 
Inatt. ,Kamal 
ihullinllra C ...... t Works, 
Surej,l ... r, M~ale 

2. PhoSllho'VII_ 1 Hindu.tan Capp.r L ta. , 
N ... D.lhl 

3. Rock IIhoaphata ou 1 C.ological D.,arta.nt, 
P ... njab Univerait" 
Chan "i ,axil 

4. Plu •• orria rock 2 Pyrl te.,PhD""hata. & 
"hoephate Ch .. icel Lttl.,L ... cknow,U.P. 

5. Sup "'11"0 aphate 2 i) Hinolustan Copper L t"., 
N ... Delhi 

ii) Sri Ram F.rtili.ars anti 
Chaeic.l., N ... D.lhi 

6. Diealciu. "h.""hata 3 i) IIu tire T ra llin I to rp • , 
Na .. Dalhi 

11) Kakkar Entarllrl.a., 
N ... Dalhi 

111) Loc.U V llrocur." 

1. .. nltl. ,I.1o"ler 2 i) PI.hash .. ed thlpa Ullyog 
L ta., Sh.shlfhau Roa", 
Oah:radun, U.P. 

11) Locallv procura" 

•... contd. 



.... cont •• (T ... le 3.1) 

8. Chalk pDw"er 

g. Lia. 

10.Pla.ter 0' pari. 

11.Pald aHtl. 

12.Khar1 •• i ttl. 

13.Hy aah 

14.K11n tIU.t 

15.N,P.K.r.rtll1 .... 

16.Li •• 81u"g. 

17 .r11 tar ,r ... "'IJItIoI 
wast. 

No.of 
"'pl •• 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Sourc •• 

Locally ,rocur." 

locally procur •• 

locally procllr." 

-eo-
-eo-

Tharaal Power Station, 
H5tI,Pani,at,Haryana 

ilhupin"1'8 C •• nt Works, 
P .D. Surajpur,Mhla 

locally ,rocur." 

lall • ..,ur Paper 1'I111s, 
Y .. una Nagar, Haryan. 

Sara.wati Sugar l'Iilla, 
Vaauna Nagar, Haryana 

trrorta ware aa". to procure a8 .any ... tch 

.... pl •• i.. po.aibl. lout In cutain ca ... coll.ction 0' 
801'. than on. Ioatch ... ph was not poaatltIe. 

3.1.2 'D,ly,l. pt '.p1 •• 

Dirr.rent ..... 1 •• coUactali 'Ha various eourcas 

(Tabl. 3.1) .. a ... onaly •• " in tlUplicat. '01' Dry Platter (llI'I). 

total aah, ael .. inaqluill. ash (AlA), Ca, P, 1'19 .s •• jor 

.inarala an. Fe, Pin, In, Cu an. Co aa trac. ain. ral a. 

In slid! tion, th.y w.re aleo analye •• ror toxic .l ... nh 

11k. PIo, CII an. f. Total aah an .. AlA ...... analys •• loy 
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the ... tho" of AIlAC (1970). E ..... Ual .. in.ral. like 

I'Ig, F., I'In, In, Cu ..... Co an .. toxic .. in.ral. Uk. PII 

an .. C .. w.re also analy .... with the help 0' MS .. 

Iliacus .... ln 3.1.3.2. F content ln th ....... pl •• w_ 

•• tl •• t .... ,I.r the .. tho .. of 151 (1975). '.for. the 

... ta",lnatlon of C. an .. P was carri ... out in tha ._llleS. 

a nuall.r of techniqu •• ".ecrilla .. ln 3.1.4 w.r •• valu.t ... 

on the lIasi. Df recovery anol comllaratlv •• "iciency an .. 

a sultaill. technique wea •• l.ct ... an" follo ..... for .11 

later "brainationa. 

3.1.3 

Accurat .... t.ralnation of varlou. ain.rale of 

nutritional significanc. was conei ... u .. to ... iallortant 

a.,.cially whan various non-conventional ain.ral SUllpl.-

a.nts ara stillulate .. f.r usa in f .... foraulations. 

Ther.fore, cartain availaill. aatho ... lIBra car.fully 

avaluat ... ra,arllinl oultallillty for .alaction of a 

II articular technique fo r anal ytical n ...... 

Ca ana Par. the two a.jor .in.ral. which are 

IIl.n"''' in ain.ral mhtures for liv •• tock an .. Iloul try in 

the fora .f n.turally avallaill. aaurc.a such a. llicalc1ulI 

IlhDs,hata, rock phoBllhate. llan. a •• l, oy.tar shell, .te. 

C.rt.in cOllmonly u .... aatho ... for •• teraination 

or Ca in re .... aU II ..... on: (1) pr.cipitation .f calciuM 
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oxalet. (AOIIC 1970), (11.) .to .. ic ..... r,tion .,.ctro­

photo.atrlc technique (lAS), an~ (iii) craoolphthalaln 

"o.,lo"on ••• tho~ (Sarkar an~ ChaUhan, 1967). Sl.Uarly, 

for •• t.ralnation of P 1n , •••• tho t.chniqu •• whlch w.r. 

inclu •• 11 in the .tu~y indu_1I (i) ti tri •• tric proc.~r. 

bas •• on 'ormation 0' phoaphOllolybliat. (AOAC, 1970 8n~ 

151, 1975) anti (11) "artain coloria.tric prGc.~ra. lIa •• ~ 

on tho •• welopa.nt of colour coaplaK •• , such a. (a) with 

.. ino n."thol aulphanic ac1~ (fiak. an~ Sultloarow, 1925), 

(10) uith aoU •• ata reagent (ADIC, 1980) ani (c) lUcre 

•• tho~ ue1ng hy~roquinon. a8 r.~clng agent (IIOAC, 1975). 

The relianca 0' th ... a.tho~a in _t.noination of Ca an~ 

P in .in.ra! .. ppl ••• nts was t •• to~ .y •• ,Ung follOwing 

,roc.~re.: (a) Ity running racov.ry trial, an. (It) loy 

rap.ating tho •• tia.tiona of Ca an~ P in cntain ... "lea 

Ity ~lff.ront a.tho •• , 

3.1.3.1.1 eft E!Cly,ry trial 

Using chalk pow".r, tho following proc.~ra wal 

•• "te .. 'or' carrying out tho racovery trial. Thre. 

~,l1cah .ata 0' crucll1l •• aarkl~, A, 8 an .. C ... ra takan. 

In Bat A, B anti C, 1 9 ., tho ... ph in qu •• tion wn 

accurately w.1gh.... Tc tho .It aark ... 8, 5 al of 10% purl 

C.C1 2 ( - 1S0 a9 Ca) oolutlon was add .... ft.r .. ry a.hlnt 

at t .. ,aratur. SOO·C, wh.nal to tho onllelltl. _.rk ... C, 

5 III 0' 10% ,ura C.C12( _ 180 ., Ca) oolutLgn ".& lIix.~ to 

the ... "lea ... fGre ~ry .shin; at .... t ... ,..rature. The 

raa.1ning p.rt ., the ,roce ~re kap t tho ..... for ell the 

thr •• sat. Df crucial.e. Hel extract W.8 ,re,8r •• , 

f11 tare .. through \jhataan No.1 f11 tar paper an. ".sh.~ until 



·cl~ fr... Th. volume 11'1 e.ch c.a ..... a8~e to 250 al. 

In ... It.1I1. al1quet., C ....... tla.te. lIy ,rad,it.tion 

of call1ua ualat. aathe ~ (AOAC, 1970) an~ wi th tha hal, 

of MS. Th, t ..... th.~a h.". II .... 6.Qu.,,~ 11'1 ~at.U 

11'1 3.1.4. Th. r.cDvary ,arcanta,a val ..... , a8 •• t1a.t4I~ 

an !liven 11'1 t.1I1. 3.2. 

3.1.3.1.2 P FERr'FY trl," 

ror carry1", o ... t the P reo.vary trial. lIy 

."lIunt .11 the ... , 1 .... ,la of DCP ... aa .ccuuttoly ... a1,he~ 

11'1 tha three tlllpUc;etto .ata .f eru,L.l ••• uk.1I A ...... " C. 

2 a1 of 10" at;Ilutlon 0' diaoQiUII hyllrolan phaapltata ( • 351119 

P) .... addad in czuc1ble ... "ad • andC raepectlvaly. 

A .... inll and extract praparation .... 8 carded ollt in the 

alaLl.r ".y ..... aa done in Ce recowary trial. Hel extract 

tllll. pupared .... u~ed '01' tha P utiaaUon. Tha 'our 

technique. "Ployad 'Dr P dahl'81naUon ",al'. tho .. 

a.nUonad 11'1 3.1.3.1 and hava be"" dhcu •• ad in datail 

11'1 3.1.4. Tl\a.a tachn1q ••• ware .valueted on the baal. of 

racovary da'a and coap.ratlve a'ficiancy etudi •• curled 

out in nUllbar ·0' ... pl •• and a suitable techn1qu ..... 

• elacted for datel'8ineUoII 0' P in di"erant 8l111Plaa. 

hcovery parcontege ".lue. by the four .ethod. are given 

• 11'1 t.bl. 3,3. 

Tile COllparat1ve evaluaUon 0' efficiency 0' 
difter""t; tachniqu •• 'or Ca end P dat,n.lnatlon .... carded 

Dut on gyp_. lia,. pllcaphogypaua. rock phoephate, chalk 
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powder. euperphosphat. and dieeleiu. phosphat .... pl •• 

and the value. are pr ... ntad 1n table 3.4. 

3.1.3.2 -el."'. pC "perel ,l_,t. 9th,r the G. ,Od P 

E ... nUal .ineral. other than Ce and p 11ke "I. 

fe. "n, In. Cu and Co and toxic .1nerel. Uke Pb and Cd 

ware anal y.ed with the halp of pye Unic .. SP-19'. fl.e 

ato.ie abaorbtlon apeetrophotoeetar (AAS) uelng tha 

8tandard procedure .a glven in the in.trucUon eanual. 

Acetylene w •• u •• d a. fuel whit- air waa ueed e. oxidant. 

Specific .ollow cathode l .. p. were u.ed for tha deterei­

naUon of indhidUal el_antt. Condi tiona _played for 

datereinetion of dirrerent al_ant. by US and the 

reeovarie. Dbtained ara given ln tabla 3.S. 

3. 1.4 M,_d. He,d Cpr V" "&'1'$'00 p' G. epd P 

R •••• t.s 

i) Hydrochloric acid - 25% v/v 

11) "athyl red indicator - D.D3% in dhtillad water 

111) MlIOn1 .. hydroxide reagent - 50;( v/v 

1v) Dilute ... onlu. hydrOxide .. lution - 2% v/v 

w) "'oniue oxaleta .. lution - aaturated 801n. 

vi) Concentrated aulphuric acid - ap.gr.,.84 

vii) 0., N pot .. a1 .. pere8llganeta ... lution 

PFpE'dM,,:(l) Prlp,r,ttpn 9' Hel 'Itrept:_ Accurete!y weighed 

, ,of the •• tarlal wee .oistened with 2.1 of dilute HCl in 

• aUlca basin and than dried in ow,"" at 1DO,t i'c for ova .. 
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night. The ... pla WaS the" .shed in a autrl. fumaca 

at 5S0!, 10°C. Th. eah w" takan in 40 al of HCl and 

allowed to bo11. Athr coaling, it .... tl1 tered an 

Whataan No.1 fU tar paper and the '11 tarat. weB collected 

in • 250 al vol .... tdc fl.ak. The r .. idUe .... weahad with 

hot water until the t11 huta wae acid tue and finally 

the voluaa was aade to 250 a1 aark. 

!"elp't,tigo IC C, a,u,t.:- 10 .1 0' al1,Quot or Hel 
• 

w •• taken 1n • beakar. Enough distilled watar .... added 

to aake approxiaataly 1DD .1 vol..... To thia 2 drop. at 

a.thyl r.d indicator "u edd.d. Enough _0111 ... hydro­

xi de uaglllt waa add.d to bd", do loft the pH to 5,6 wi th 

tha appearance of browni ah orangs colour. To this "'88 

.ddad 2 drops of dilute HCl IIOlutlon awch that the alight 

pink colour i. devoloped ",ith the appearance of ppt of 

Ce-oxelate. Th1. IIOlution .... boiUd alowly for the 

gr.nular taraatioll at the ppt and allowed to •• ttl. ov.r­

hilht. 

'Next day the sUpe1ftatent liquid waa t11 tered 

through • aolllaea '11 tar pap ... (Wha'-an No.4O) .nd ppt 

",a. weoll.d with dilute .. aoni ... hydroxide aolutian, end 

then thoroughly with hot distilled watar. The tUtar 

papal' containin, ppt of Ca oxalate "'a8 caretully tak.n 

to aide of • clean baak.r and .bout 1DD al of di.tilled 

",et ... and 5 81 at concentrated .ulphuric acid "' •• put 

in tha beaker. The .olution "' •• ",araad to about 1D_8DoC 

8ixing the ppt in acid 

D .1. KllnD" eolu tion. 

eolutian.4ti~ted with 
. 6~\\?\ 

" 9-1.\\~~ 



The C. content In the ... pla WIIS utia.tad, 

baaed on th. following aquation: 

N 
1 .1 or ;0- Kl'lnD 4 uaad!! .002 9 of Ca 

The eati •• tion or C. waa .180 triad with the 

help or Ato.ic Absorbtion s.,actrophotoa.ter u81ng Acetylene 

aa fU8l an d air e. od dent In concentration rang .. rro. 

1-16 ppa. Proportional linear analytical respon •• w .. 

obe.rved in concentration range ot 1-6 ppa. Sinca 

al.aente such aa alueiniu., barylliua, phosphorua, allicon, 

titani ... and .1neral .elds ... k the responae or C. in .ir 

acetylena fl.a (AAS .anual), Strontiutl a •• tronti ... 

chloride solution as d •• eking agent wee added In the 

process or dilution or HCl extracts prepared In 3.1.4.1., 

such th.t • concentration ot 0.2)1: atrontiua i. achl.vad 

in th. teat ... ples as wall aa the standards. Sl.ilar 

.. ounts or .innal acida ware addad 1" the stendsrd, blank 

.nd t.et ••• ple. SO a. to ral •••• tha •• eklng influenca 

ot .1n.ral acids on C. response (AAS .anual). 

3.1,4.2 "'\bedS Mild tor P .,tl •• ~1on 

!!uRlata:(1) Concentrated nitric acid, AR. 

(11) Nitric .cid eolution - 2)1: ",/v. 

(iii) Pot ••• lu. nitrate eolution - 3)1: wtv 

(iv) 0.1 N sodiu. hydroxide solution. 
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(v) 0.1 N nitric acid solution 

(vi) Phenolphthalein indicator - 0.1" w/v in 

60" rectified apirit. 

(vii) A"9piu. 'plybd,t, polutipn:_ About 400 .1 

of distilled wster Wa. added to 1009 .... oniu •• olybdate 

taken in a 500 ml stoppered me.suring cylinder. The 

contento were then shaken for 25 minutes to dissolve. 

A.moniu. hydroxide solution (2S" .{v) wae gradually added 

until tha .. olybdata ""lution bac .... clear. Then aufficiant 

distilled water'wa. added to .ake up the volu •• 500 ml. 

Prgc,durp:-10 III aliquot 0' the Hel extract prepared in 

3.1.4.1.1 was taken in a 250 .. 1 capacity beakar already 

containing 20-30 ml of distilled water IoIareed at:f SOoC. 

Phoaphoaolybdata precipi tation' w .. carried out by 

simultanaous addition of 10 .1 of conc. nitric acid and 

10 a1 of ..... onium .. olybdate raagent to the beaker contain­

ing aliquot 0 r the Hel .xtract. Tha s_pla was im.diately 

stirred wi th e gle .. rod and ppt foread w .. ellowed to 

stand overnight. 

The contents of the beaker ware filterad slow! y 

through Whatao ... No.42 fil tar Paper, retaining the ppt in 

the beaker as far .s po.sibla. Tha ppt .... waohad twice 

with dilute nitric ecid solution and then with pota.o1uB 

ni trata solution until tha washings wera fue frOB acid. 

The ppt elong with the filter peper IoIao tunotarred back 

to the beakar and aufficient but known quantity of sodium 

hydroxide solution was added with the help of e burette 

to dissolve the yellow ppt. The volu •• of the etandard 



IOdi ... hydroxida aolution ua.d w •• noted. Th. contents 

of ttle beaker ware than titrated with atandard ni tric 

acid 101ution uaing phenolphthalein a. an indicator. The 

P contant in the ... pl. was calculated by the following 

for.ul •• baa.d upon the aquation that: 

III 
10 lIIaDH u •• d. .000135 9 of P 

P :& (on dry .attar baah) • 

Where, 

A • Total vol ... a of atandard sodiu. hydroxida added 

to di 8101 v. the pp t. 

N1• no re ali ty of the .tandud NaCH 1ID1ution ".ed 

a • vo1u.e of the atandard nitric acid 1ID1ution 

u.ad to neuhali .. exCas8 alkali. 

1112 • noreaU ty of tha standard "i tric acid u.ad to 

" .... trali •• axcesa .lkali. 

II • weight ot the .. atarial takan 

l!.u,9IlDh!. l'Iolybdovandat ...... gent - 10 g of .... onl". 

.01ybdat8, ... n di.801vad in 100 a1 of hot di.tilled ... ater 

in a beaker and cooled. In another beaka ... , OJ 9 of 

_oftlu •• etavandate ..... die801ved in .bout 60 .1 of tlot 

di.tilled watar and cool.d. 60.1 of 70:& parctllodc acid 

..... add.d gU5Ially wi th constant at1rdng to .et.vand.t. 

eol .. tton. The .olybd.ta aolutlon ..... th.n alowly.ixad 

in eata,and.t. aolution in • SOD _I cap.city vol .... trlc 

flaak and voluea ...... ada upto the .ark with di.tilled water 
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Prm.r.t#n" pC ,ten",r" gury.:_ Working .tandard solution 

containing 50 ug PIal was uaad for the preparation of 

standard curve. A aerial dilution ... as prepared by pepetting 

0.5, 1.0, 1.5, 2.0, 2.5 .nd 3 a1 of thia working standard 

solutiDn into .1x teat tubes. The standard curve was 

prepared by adopting the simU.r procedure .. diacusaed 

balo ... 

ptgG.",r,:_ Suitable aliquot or the Hel extract prepared 

(3.1.4.1.1) w •• takan in test tubea, to which 2 al of the 

.01 ybdovandate solution ... 8. addad and volu •• wae aade to 

10 .1 ueing distilled water. It we. allowed to atand for 

10 minutes tor the proper developaant ot colour dua to 

the toraation ot phoephomol ybdovandate complex. The 

ebsorbance reading wa. taken in epectronic-20,spectro­

photo .. ter at a wave length of· 400 nlD. P content of the 

sampla ..... calculated froa the standard curve a8 follo .... 

from the atandard curve (Hg.3.1) 

0.450.0 • 150 ug P 

It 0.0 of the .... pl. is x.: ~5)( ug P 

(If the aliquot takan is 'a' al out of 250 al of the 

Hel extract preparad by ashin9 1 9 0 f the ... ple) 

then, P percentage in the sallple • .100 • 

• 8.335 ~ 
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3.1.4.2.3 P ,.U""pD HeiDS bydF9gyiooQ.(AOAC,,?7S) 

l!u9Ct.,- (1) ••• i. tg'ybdat. elytipns ... 25 , of 

... on1u. aolybdate ~. diaoolved 1n lO0 al or diatilled 

wetar. In. aepe .. ta beakar 75 g of concentrated H2S0 4 
v •• d11uted with 200 al of diatilled vater. A..onlu. 

molybdate aolutlon was addad to H2SO 4 In a SOD al volu.etric 

fl.aI< and vol ...... ee aeda to the aark. 

(11) HydrpeyloeO' .JutiPD'. 0.5 g of hydro-

qulnone u .. d1aaolvad ln ebout 80 al of distilled wet ... 

ln a 100 al cepacity volu.atdc flaal<. A ta .. drop. to 

cone. H2SO 4 wan .ddad to retard oxidation batora aaklng 

the fln.l volu. •• 

(11i) SOdi .... sulphite solution - 10% wlv. 

(iv) StpSk P .ly1;'90: This 801ution was prepared 

by dhaolvlng 0.4394 9 of pure dry KH ZP0 4 in distilled 

water and dl1uted to aaka up the volue. to one 11tra. 

This solution giv •• the P concentration of 100 a, P/litre. 

PrF'teMeo pt It.deEd SUEY' 

The .tock solution prepared above .... rurther 

diluted to glva working standard elution contalning 

50 IIg PIal. A a.ri.l dilutions .,a ... prepared using 2, 4, 

6, 8 end 10 al aliquot. of the- work1ng atandard solution 

pip.tted into fiva 50 al cepacity volueetdc tlaaks and 

8 .tendsrd curve was preparad •• P'I' the procedUra given 

b.low. 

pms'slur.:- A suitable aliquot (0.5-5.0 .1) ot Hel .xtract 

.,as taken to 50 al volua.tric flaek, to which 5 al at 
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...... oniu. aol ybdate solution ...... added and .. bad well. 

After about 10 seconds, 5 .1 each of hydroquinona solution 

and Bodiu., sulphi te solution ware added to the voluaetric 

flaak and voluaa wea aada to the .,ark. Tha contents were 

.,1xad wall and allowed to atand ax .. tly for 3D .,lnutee for 

the propar devalop.ant of blue colour which wee .easured 

at a wave langth of 625 nil on opactron1c-20. opactrophoto-

•• tar. 

Calculatipna:- The P content in tha ... pla wee calculated 

froll the atandard curve aa aha ... below: 

5tandard curve (rig.3.2) 

0.36 0.0 •• 200 ug P 

5ay )( D.O.!! 8~~ x ug P 

• 555.6 ')c ug P 

It the aUquot uaad 1a 0.5 al out of 250 al of the 

HCl axtrect prepared fro., 2 g of the a .. ple .. had, 

th.n P (%age) 1n tha ... ple 

- mx 555.6 x 0.5 x 

• 13.88 x 

WhU·s. X i 8 the 0.0, of tha ... pla. 

x 



FIG-N STANDARD CURVE FOR ESTIMATION OF PHOSPH­
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Thh •• thod .... or'g1".11" deaigt.d for .aU •• tion 

Df 1/1OrVallic phoaphDru. 1n blood .afUII attar daprota'n!ng 

1t with TCA. Th. protain ha ••• rue riltrata .... tUatad 

.. 1th acid .olybdata aolut10n to ton phoapho aol"bdic acid 

wi th P pr •• ant in .ar... Phoapho ... lybdic .cid ie theft 

reduced by addiUon of " 2, " .. 1no-ftaphthol aulphonic 

add (MSA) reagant which produc •• blue colour who .. 

ill tan ai ty 1. proportional to .. ou .. t at phoaph.te pr ... nt. 

This •• thod wa •• lao td.d to •• ti •• ta p 1n 

.1naral auppl .. ."t e.tucts. The only .odification .... 

th.t HCl e~tr.ct daacdbad at 3.1,4,1,1 .... Head 1netead 

Df TCA filtrata ••• dopted 11\ .. ,.., 

.!!.ullM.s- (1) _all .. ul. ..... te MllutJea - 25 V ot 

_ollillll ItOlybdate ..... dia .. lwd 1n 200 .1 Dr dietllhd 

... ter and .hed with 300 .1 at 10 N.1I2SO., 1n a 1000 .1 

c .... elty volu •• tdc fl.ek. The cDlltanh.ware .. aU .i".d 

.nd vol ......... da to tha •• rk. 

(11) ease IMII.t.I- 0.25 V ot _1nDnapthol .ulphonic 

acid .... diesolved 1n 195 .1 Dr 15" (w/v) eolution at 

IIOdiUD aulph1t., tak.n 1n a gle •• etoppered .e.auring 

cylinder. To thh, 5 .1 of (20" w/v) _diu. b1aulphlte 

IIOlutlon wae added and the cDnt..,t. wara .i.ad wall t1ll 

the ANSA nag..,t 1. co.pl.tely diaaolved. The contente 

w.". tran.'erred to • bro"" bottle end .taE'8d in 8 cool 

place. 

(111) TCA 801ution - '0" w/v. 
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PF@R,r.tlpn pf ,t,od'rd cury,=- Working standard solution 

containing 50 ~9 P/.l was usad for the preparation of 

.tandard curVa. II •• riel dilution having 2, 4, 6, 8 end 

10 III of the working standard aolution WBa pipatted out 

into fiva different 50 III volulletrlc flaska. The 

procedura da.cribed balow wee followed end a standard 

curve was prepared. 

PFQG'dNt'J- 5 .1 of the ""Deniu •• olybdata solution was 

added to a 50 .1 volulletric: 'leak containing aui table 

.liquot of the HCl extract preparad. To this, 2 III of 

AN~ reagent was edded and volu ... was lIada to 50 III lIark. 

The contento were lIixed well and allowad to .tand 'ar 

5 minute. and absorbence reading w .. takan in ap8ctronlc-20, 

epectrophotollatar at a wava length of 625 n •• 

C,I sul. ti po.: 

Fro .. the standard curve (Fig. 3~) 

0.26 0.0 •• 200xug P 

If tha al1quot takan i. 'a' .. lout of 250 III HCl extract 

prepared by aahing 1 g of the .... pl.; 

~. ~. 100 than P % • .2IIll.a.x. 
0;26 a 10 

• 19.23 .I 
B 
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3.2 RESULTS 

3.2. i..,Calc1um' 
The results of Ce recovery trial by (i) titri­

a.tric .ethod, and (11) 4\I,S using 0.2% atrontiu. ea 

d .... king agent have been pr •• ented in tabla 3.2. The 

recovery percentage by the •• two .. ethods was found to be 

88.11 and 90.0% re..,ectlvaly when Ca loin added before 

eahing, and 87.5 and 93.9% when Ce w.e added .fter aahlng. 

Thh indicate. higher recovery by "AS aathod. Likewise, 

e. content of the eight alnaral auppl .. ents asU8ated by 

these two aethods (tabla 3.4) invariably show.d higher 

valuea by AAS .. ethod than the titri .. etric ... thod. 

Therefore, the A"S .ethod ...... d to be the ... thod of 

cholce for Ca datereinatlon. 

3.2.1.2 Ph_bAEu,; 

Th. reaul ts of P recov.ry trlal by the four 

.athods (i) tittl •• trlc .ethod (11) AOAe (1970) uaing 

phoaphollolybdate resgent (iii) AOAC (1975) aethod ua1ng 

hydroqulnona and (iv) Fiake end Subbarou (1925) hava 

be.n presentad in tabla 3.3. The recovery percentage 

valuee of P by th.e ••• thode was found to be 91.4, 94.3, 

97.1 end 128.6% respectively, when extamal P was added 

before eahing, end 94.3, 94.3, 97.1 end 128.6% respectively 

when p was edded after aahlng. The data in tabla 3.3 

revaaled thet except for .ethod (i) the recovery values 
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Tabla 3.2 C. recovary tr1al 

Particular. Ii Ii" .. SciE~C ., UJIiI sa Hi •• ~sI Ca contant ~covary Ca cont.nr;ovary 
(.g/g) <") (.g/g~ %) 

1. C. in CaC03 a.ple 390 .31 -
2. Ca added 180 180 -

,', 

3. Tot.l C. d.t .... in.d 550 88.9 593 90.0 
( ... ple + Ca added 
b.fore ..,111ng) 

,~<' 
4. Total Ca dat .... ln.d 547 81.5 600 93.9 

( ... pla + Ca idded 
.fter .ahing 



Particulars 

1. P in dicalclua 
phosphat .... pla 

2. Padded 

3. Total P det ... ined 
(a .. pla + P edded 
bafore aoh1ng) 

4. Total P det ... 1nad 
( ... pl. + Padded 
after a.h1ng) 
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Tabl. 3,3 Phosphorus recovery triel 

Titrl •• tric 
•• thod 

p' Reco--
content very 
(-!II' g) (%) 

194 -
35 -

226 91.4 
'-. -' c, 
"_::'-l, 

227 94,3 

P101ybdovandate HydroQulnone ANSA •• thod 
•• thod .. thod (rh" ..... d 

(AD!&. ,'7Q) 'fReE.11l1) iYlbll9W. 1225) P Reeo- sca! Reco-
eont .. t very content very cont .. t very 
(.9/9) (~ (-9/9) (%) (.9/g) (") 

175 - 242 - 288 -
35 - 35 - 35 -

208 94.3 276 97,1 333 128,6 
ct\ {,~ 'v. I, , , 

208 94.3 276 97.1 333 128.6 
Dt-·, ( ,\C~ ::,! 



were the .... 1n both the cases, i.e., when P was added 

after Bahing or b.fore aahing. In ca .. of .. ethod (i), 

howaver, the recovery waa higher (94.3%j when P ..... added 

.tter .. hing than when P ... as addad before ashing. In 

both the casas, the recovary WSB high, i.s., 128.6% whan 

the datel'llinstion ....... da by fiske and Subberow .. athod. 

P content or eight auch a.terial., esti.atad by the 

four •• thoda elso gave ai.Un trend. presented in table 3.4. 

Tha hydroqulnona •• thod a ... ad to ba the a.thod of choica 

because or P recovery approached 100% (table 3.3) and 

because it wee able to .... un P in concentration .a 10 ... 

a8 0.02%. 

l'Iinerela lik. I'Ig, fe, Cu, Co,.ln, I'In, Pb and 

Cd ... era aaUmeted using Ato.ic Abeorbtion Spectrophoto­

.eter against the lll.iitabl. etandards prepared ae per the 

US-operation .anual. Tha analytical conditions snd 

recovery triale for individUal elaAlants have been present 

in table 3.5. It .... evident that the technique followed 

had enough relhnce es the recovery % for different 
"l.. -\"- ut\.·c 

el .. ant. ranged fro .. 92.5 to 107.5%. The •• tim.tion of .. 

f was carried out by m.thod of distilling hydrofluro­

eilicic acid and titration with thadua nitrate. The 

reoovery for r detel'llin.tion ..... 109.3%. 
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Table 3.4 Co.parative esti •• tes of calciUlO and pho..,horus cont .... t (% on DI'I basis) 
in various saIOplaa aa det.rcinad by diffar .... t •• thods 

Samples C,leift 
Ti tri- A 
•• tric 

Ptto .. boNJI 
Titri- l'Iolybdo- Hydro- ANSi •• thad 
•• tric venadata quinona (Fi aka and 

.athod •• thod Subbarow. 
(AOAC, (AOAC, 1925) 
1970j 1975j 

1. Gypsu. 13.06 14.03 0.13 0.02 0.02 nil 

2. Li.e 43.3 44.74 0.05 0.02 0.05 0.03 

3. Phoaphogypsu. 11.24 12.54 0.34 0.24 0.37 0.40 

•• Rock phosphate I 29.6 31.50 8.48 9.67 10.37 12.60 

5. Rock phosphate II 24.52 25.63 9.45 12.73 12.16 14.47 

6. Chalk powder 36.98 41.52 0.12 0.03 0.03 0.02 

7. Superphosphate 16.88 17.01 9.43 11.33 12.47 13.00 

8. Dicalciu. 30.00 31.55 20.35 23.18 29.57 30.81 
phoaphats 

figures al'a averages ot tw dets1'll1nat1ona for the a_a s_ple 



P.rticuhra 

-65-

Table 3.5 Anelyticel cond! tiona end details of recovery trials in the 
datominat1on of mineral ale. ants other than C8 and P eeti •• tad 
by AA5 

1'19 fa Cu Co Zn I'In Pb Cd 

Cpndition. 
W."e length u.ed for 
date ... in.tion ( A ) 

285.2 248.3 324.8 240.7 213.7 279.5 283.7 228.7 

Err"" t1 VII concentration 
range (ppm) 

0.1-0.5 1-5 1-5 0,5-3.0 0.2-1.2 0.2-1.0 5 0.1-0.5 

fuel -------------------acetylene------------------------------
Oxidant ----------------------alr---------------------------------
S.,QKI'¥ SE'I~ QC "CflElBt 
.1 •• nts 

(i) Concentr.tion in original 
.... ple (ug/g) 1043 1150 37 .5 35 219.0 30.5 83 2.0 

(U)Quanti ty added to aSllple 
before dlg •• tion (ug/g) 1000 1000 10 20 100 10 100 2.0 

(UilTotal concentration 
sample + addition) 199'1 2128 47.8 54.0 318.0 39.75 190.5 3.88 
detarmifted(u9/ g) 

Percent recovery 95.4 97.8 103.0 95.0 99.0 92.5 107.5 94.0 w' 

":"' " . ./ , 
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3.2.3 'p'position.l 'Senoing pc ditf.r",t '9ure" 
pf t. and P "'991",nts Cpr HI' in ,1ner.l 
.iltyr •• 

The aineral co.positional qualities deterMining 

suitability of different conventional and non-conventional 

source. for baing considered aa Ca and P supple.ent. have 

baen pusented 1n tabla. 3.6 to 3.10. 

3.2.3.1 C. 'purE.' 

On reference to table 3.6 and F1g.3.4, it was 

evident that 8uppla.ent& having the carbonate and hydroxide 

'oras of Ca, 1 •••• l1me, chalk powder, .arbl. powder and 

filter prees lOud waate were low 1n AlA (i2%) end high in 

Ca content ranging from 35-45%. Whareas, the sulphated 

fOrils of Ca sources, i •••• gYPSUM and phoephogypeuM were 

found to have Ca content ranging frail 12 - 35.6% and high 

AlA content (12 - 40%). Although the AU content of lime 

sludge waste weB low. it. poor Ca and P value. ascribed 

no •• rit to the.e Bubstancn for being considered •• Ca 

supplllllent aourCe. On tha other hand. kiln dust Iohich 

was poor in Ca content end high in AI'" content also 

ae.ed unsuitable for conaideration 88 • source of Ca 

supple.ent. 51.Uar was the situation with plaster of 

paris, rly ash, kh.ria ,ittl and p,l.1 ,ittl (tabla 3.7). 

They all were found to hava low Ca content and high AIA 

content, Iohich diaquali fied thea .. aui table C. oupplement. 

I t was observed frOll table 3.8 that a ... ples of dicelciuOl 

phoaphate. a phoephatic fOrM of Ca were low in AIA(0.5%) 

and high in Ca and P content (30% and 27% reapectively). 



-67-

Tebla 3.6 "If •• Ca. P, .. g and r. content on percent IlI'I ba.ts of cart.ln celd ... 
supplee an te 

No.of 
Platadal. Prado .. inan t _pl •• AI" Ca P I'Ig r. 

ch .. ical anely.d 
fore -

Lie. Ca(OH)2 1 1.91 44.70 0.05 8.26 0.07 

"arbl. powder CeC0 3 2 0.95 38.50 0.04 0.78 0.05 
(0-1.9) (35.4-41.5)(.03-.05) (.70-.86) (.02-.08) 

Chalk powder CeC0
3 2 0.32 40.00 0.02 0.42 

(.16-.48) (39.5-40.5)(.01-.03) (.28-5.6) 
0.03 

(.015-.045) 

FUter pre •• Ca(OH)2 1 1.24 39.60 0.40 5.05 0.09 
.ud wast. 

• ••• cont.d. 
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••••• con td. (T .ble 3.6) 

"aterials Pradoliil"ifit - 110.- .,-, - ----------
ch .. lcal _plea AlA Ca P .. g 

to ZIt "".lysed 
fa 

Kh.rio .t ttl - 1 81.50 3.60 - 0.33 0.18 

Gyp ..... CaS04 ·2H2O 3 33.40 21.50 0.20 1.77 0.55 
(12.1-34.6)(14.0-35.6)(.01 •• 04) (.81.3.30)(8.18-1.03) 

Phoaphogyp_ Ca50 4·2H
2O ~ 41.70 12.S0 0.30 0.06 

P alai ail ti, 1 67.60 2.00 0.30 0.08 

Pleat ... or Paris 1 80.10 10.70 0.10 3.76 

Li •• aludga 118inlr 1 wasta Ca(OH 2 1.40 12.50 0.20 2.47 

Flyaah fe .. 1'0 alullino 1 90.20 1.00 0.10 0.11 
Bilicata. 

KUn duet 1 34.2 16.40 0.89 

Figura. are the average or two a.ti •• tiona. '.' indicatea not detectable, 
The predo.inant cha.ical ro ... or tile aaterial a wherevar known. have b_ 
•• ntion.d. Figures in parentheses indicate range. 

0.02 

5.53 

1.07 

0.13 

0.23 

0.23 
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Tabla 3.1 PIn, Zn, Cu end Co content (pp.) of cartain celciu.. ... ,p1.,.anta 

lIatadel. No. 0' II" zn Cu CD 
8...,la. 

anelyaad 

Kb,ri. ,itll 1 23 14 5 

Gyp_ 3 234 183 10 'S1 
(53 - 435) (116 - 288) (0 - 15) (25 - 40) 

PhD apho gyp au. 1 12 14 25 -
1.1." .itt! 1 65 28 25 23 

Plastar of Peds 1 151 56 -
Ll.. 8ludga waste 1 16 .,., 25 60 

Fly ash 1 40 23 10 8 

Kiln dUet 1 66 11 5 10 

Figura. us the svaraga of two aaU_.Uone. '-' Indicate not d.t8ct&ble 
figures In parenth .... Indicate I"8ng& 
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Tabla 3.8 AlA, Ca, P, I'Ig and Fe content (on percent [f\ balie) of cartsin 
phollphoN8 .. ppl .. enta 

l'Iaterials Ch_ical No. or AI. Ca P I'Ig Fe 
fa... ."pl •• 

analy.ed 

Rock phoaphate hi- 1 1.34 31.50· 10.40 4.40 0.15 
ore calclua 

phoaphate 

l'Iuaaorrie rock tricalciua 2 11.80 26.60 11.72 2.70 1.75 
phollphete phoaphet8 (10.7-12.9) (25.6-27.6)(11.28-12.16)(1.02 (1.61 

-4.37) -1.91) 

Super phoaphate aonocalciua 3 14.40 16.75 10.81 0.99 0.41 
phoaphata (13.9-15.0) (16.0-17.3)(9.67-12.50) (0.67 (0.37 

-1.28) -0.45) 

NPK-F.rtlllear .. moniua 1 10.80 1.77 14.2 5.73 0.07 
phoaphete 

Dicelclua 4 0.56 30.41 27 .83 0.66 0.11 
phosph.te (0.36-0.96) (29.3-32.6)(25.1-29.6)(0.27-1.04)(0.10-0.12) 

Figures in parentheses indicate range 
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auida., dioalci ... phoephata also contained fairly good 

.. ouat of "9, "n, Cu, Co and epac1rleally zn (Table 3.9). 

The .in8r_l cOllpoaitlon of cartain unconv ... tional 

phoephatie fOl:lls of IlUppl ... nte Uke rock "hoaph_te ore, 

"unonie rock pho.,.hate, fertiUser greda _ar phoaphate 

.nrfjPK fart.1lher have b .... pr.Hnted in tabla 3.8 and 

the valu.s .. are co.p .... d with tho .. of dicelci ... "hooph8t., 

which i8 • cOllllon end convantion81 t. and p .... ppl ... nt. 

The AlA, t. and P content of th •• a II auppl.eanh have alao 

bean depicted 1n flO. 3.5. The rock phOOlph_te, l'I"uorrle 

rock phoaphate and auper phoephat. had .1.08t aiaUar 

p content bUt AlA content. in both auper pho.,.h.ta and 

l'I"aeorria rock phoophata .. ara eodar.taly high. Calciu. 

content in IlUparphosphate ws __ parativ.ly low. Although 

.PK had .oderab1 y high P, it cont.i"ad 11 ttl. ta and 

Modaut. 880unt of AlA. 

The veriou. fo .... of Ca and P suppl ... nte ware 

.leo scann.d for "g, ra, "n, Zn, Cu and Co a. al"8nte 

of n"t"it1onal .iglllficenca, and Pb, Cd and r I. toxic 

.in."a1 cOMpon8nt.. Th. raault. h.va been pra.aftt.d in 

bbl. 3.9 and 3.10. It .... evident that ln Pig content, 

U.. showad hi gil atetu. rollo .... d by .PK, til tel' p " .... u d 

.... t. and rock phosphate. It .... interesting to note that 

p supplea.nte Uke ~Dck phD.ph.te, "u.eoni. rock phosphate 

IIIId aupe"Phosphat. w8l's conspicuously high in Pin. The 
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Table 3.9 PIn t Zn, Cu and Co content 
phosphorus supplements 

(pP4) of cart.in calcium and 

Matedal No.o f 
..... pl •• 

__ ~___ .anal v •• d 

Lin 

"'arbl. 

Chalk powder 

1 

2 

2 

fU ter press lAud 1 
waete 
Rock pho""hate are 1 

Pluasol'rle rock 
phosphate 

Super phosphate 

NPK fertiliser 

OicalelulA 
pho.phat. 

2 

3 

1 

4 

Mn 

60 

24 
(19-29) 

170 
( 150-190) 

103 

545 

." 

In 

27 

42 
(29-55) 

33 
(30-36) 

67 

25 

627 183 
(622-633) (106-261) 

961 74 
(776-1070) (57-108) 

26 637 

44 302 
(31-62) (219-528) 

figure-. in parenth-esas hlilieate range 

,_, indiCate not detectable 

Cu 

-
5 

(5) 

30 

-

Co 

25 

31 
( 30-33) 

-
25 

20 

37 32 
(35-38) (30-35) 

43 27 
(35-60) (15-35) 

20 5 

11 16 
(5-24) (8-32) 



-73-

l.tter two lOurc .... era also high in Cu and Co. NPK and 

dicalciUII phosphata hed high Zn content. Pres""c. of Pb 

and Cd in th ....... pl •• rangad fro .. 0 to 1.0 pp. end 0 to 

5 ppll respectivel y. Tha f content in rock phosphet. end 

"u ... rri. rock phosphate ranged froa 1000-2000 ppa 

(table 3.10). 

3.3 pi SCUSSION 

•• for. resorting to coapoa1 tio".l ..,,,,,ning of 

different sources of Ce and P suppl .. ente, it .. a. coneidared 

desirable to have en appraisal about the comparative 

ralienc. of cert.in co.mon analytical procedur •• to datar­

lIin. thair suitability 1n .. Ua.Uon of ainaral coaponents 

in diffuent C. and P supple.ant .. urcee. for this purpoee, 

two procedure wara followed (1) recovary of Ca end P using 

diffarent techniques, (il) relative •• ti.ation valu •• 'or 

Ca slid P in diffarent .upplament aou rcae as obtained by 

di,r.rant .. thod. employed. 

3.3.1.1 Colg' .. : 

hble 3.2 depicts Ca recoury by the two 

tachniqu •• us1ng chalk powder a. the C •• ul'pl •• ant sourc •• 

Recovery trial. weu carried out by ti hia"trlc and AAS 

procedure., ., ua1ng tltri •• tric technique Ce recovery 

r""ged from 87.5-88.9% irrespectiv. of the fact th.t 
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T.ble 3.10 Toxic .inerei content (ppta) of cartain calciuM and 
phosphorus supplements 

lIatar1aia No,of Lead C .... iu. nuar1ne 
a .. pl •• 

. _ IDu x_'d , 
01c.lclull phosphate 2 22 - 100 

(20-25) ( 25-115) 
Gyp ..... 2 51 1.7 32 

(15-100) ( 1-2.5) (0-65) 
Phospho gyp .... 1 25 1.0 -
Ii LiMe 1 SO 2.0 -
Chalk powder 1 - -
II arbl. po wdar 2 56 2.4 -

(45-68) (2.3-2.5) 

fll t.r praas lOud ... sta 1 -
Rock pho aphata are 1 55 1.5 2000 

lIueaorri. rock phosphate 2 1\2 1.5 1300 
( 1000-1600) 

Super phosphate 3 61 1.0 6'1C 
( 50-83) (0,8-1,2) (SOO-1000) 

"'K 'artilisar 1 15 5.0 -t, 
rip-r •• 1n perenthe.es Indicate range 
'- indicate not detectable 



external Ce wa. added before or .tter ashing of the odginal 

•• apla. Talpatra I! AL. (1940) h.d shown 100~ recovery ot 

C. wh.n ta.ted in ani .. al reed ... pl.. However, titd.atric 

.. thod when te.ted for alneral .. pphaants gave lo .. r values 

Of recov.ry. n .... AAS la another co ... on techn1qua that can 

ba uud for the e.ti .. ation of Ca. But 1n this •• thod, Ca 

reepon •• la .... kad ln presence of Ne·, K·, .ua , 50;- and 

por. 10n. and gat. corrected by the uee of Lanthnua or 

Strontlua aa the _aaklng agent (Pya Unic .. -AAS, Datebook, 

1976). Tharefore, as described ln 3.1.4, Sr at the lavel of 

O.2~ in tha tara of 5rC1 2 weS addad to both the te.t a .. ples 

and the standarda to taka Ca"" of d_esking effact. Fu rther, 

verlation ln the proportion of .inaral aclds ue.d while 

lIaking HCl e"tract or during dlge.tion elao lnfluenca. the 

Ca respon". ln AAS. Therefore, efforts were .ad. to hava 

.1aUer concentration of alnerel aelda in both .tandard 

and test .... pl... Using thls technlqu. the recovery of Ca 

by AAS aethod ranged froa 9D.O-93.9~. It wes, thersfore,(', 
~ ~ ..... _" 

t.farred that AA5 •• thod with .. itabla edjuata .. ta of 

.,lnar.l acids and use of 5r as _a.klng agent had a batter 

reliance than the titri .. ahic .. thod. Such inferance was 

a180 supported by the rasul ta p reaented ln tabla 3.4 ln 

whlch Ca content in various suppl •• ent8 .aasurad by AA5 

technique was alwaya higher than the value. obtained by 

titrl .. atric method. Therefore in all subsequant .aasure­

•• nte, AAS aethod was considered as the methOd of choice 

and was employed to measure Ca ln different supple.ants. 



for the purpose of selecting suitable analytical 

technique for determination of P in .ineral suppl .. ents, 

a titri •• trlc technique based on phosphomolybdate precipi­

tate formation (AOAC, 1970) and three colodmetric techniques 

uaing (i) hydroquinone (AOAC, 1975), (11) .. ino napthol 

sulphonic acid (ANSA)(fiake and Subbarow, 1925) and 

(iii) phoephollolybdate complex formation (AOAC, 1970) were 

triad. 

P recovery data (tabla 3.3) indicatad that although 

hydroquinone method gave better recovery (97.1%) than moly-,,: 

bdovan.date method (94.3%), both the •• thods accounted for 

.iaUar recovery whether external P was added before or 

.ftar •• hing. 'y tltdmetric m.thod, P recovery approached 

1I01ybdovanedate m.thod where P wa. added after eahlng (94.3%) 

but when P w .. add.d bafore aahing, P recovery waa lower 

(91.4%). Since aimilar aahing technique. were followed, 

difference in the recovery value. by titrim.tric procedure 

indicateo errore in waahing of the "pta in the tltrimetric 

procedur.. (jut such difference. were not evident either 

by molybdovenadate or hydroqulnone lOetho d end the determined 

vslu ....... ed to be subjected to le ... nalytical fluctuations. 

Again in Hake and Subbarow method the recovery waa 128.6% 

Irre.pactlve of the 'act whather axternal P was addad before 

or after ashing, indicating 1-.. changea of anelyticel 

rluctuatlons in the determined values. However, with this 

procedUre aore then 100" recovery was obtained which indicated' 
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that cartain ca.ponents of dlealciUD phosphat. suppl.aant 

other than phosphorus also .. ara capable of foraing caapI ex 

with ANSA .... king the technique 188a lIP..,lflc 1n .. far ao 

analyai. of .ina.al aullpl .. ""ta .. ara concamad. fiake and 

Subbarow •• thod ls baa1cally •• ant for P .aUonation. In 

blood but 1f the .... a 18 ta be und tor other .atedals, it 

should be standardised snd chacked (Lindberg and Ernste., 

1956). Thus ralianca cannot be placed on thi8 aathod. 

Further, for lIost of the .1neul .upple.ant s_ple. analysad 

tor P (table 3.4), 1t was the hydroqulnon •• athod .... 10h 

giV8 aaximus analytical valu.s. Th8 reaul t. sugge.ted the :::. 

-----au! tabi11 ty of hydroqulnona .athod .... lch wa. followad in 

subeequent analysis. 

Tha co.posl tionel •• ri t of any .ineral eupplesant 

"UI be ba.sd on the tact that the llUPp18 •• nt should hava 

•• ny ti .... h1ghar conoentration at .inaral ln qu •• tion than 

the levele ptesant in coallon fe.da. In addition, the .inatal 

should be in available fom and should be frle tro .. dlla-

hdou. facta"s. In the pr .... nt inv8stigation, coaposi t10na1 

quality of cutaln conventional Bource. at Ca and P supple­

.ant ... ere cospared wi th tho •• of certain non-conventional 

_urca. avaUable in the CD_try either as induBbial ",.ote 

•• terlal or other uncoslIOn sauren. Chalk powder, 11 •• and 

dicalclull phosphat. ara lOa. of the convention.l C. sources 

for Hv •• tack and .arbl. tar poulhy. The conv..,Uon.l P 
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eourc8e i8 dicalciue pho ... hete. Ion_ .. eal haa not baen 

taken in the pr.aent ihvestigation. The non-conventional 

eourc.e .alectad for study Included .arble. 9YP-. pho ... ho­

gypaua, rock phosphat •• superphosphate, NPK fertlli .. r, 

plaater of parh, IIharia -UU, industrial wa.t .. such .. 

fly uh, kUn dUat, 11 .. sludge we.te and filt .. pre .. 

• ud wasta. 

Tha high AlA content (34-90%) and low C. (L16%) 

content in 1111Mb .U~,. Rile' a1U~.pl .. t .. of parts, 

gyp_ and pho ... hogyp .... randered th .. unsuitable for being 

considered a. Ca auppl .... ts. Qua to high concentration of 

I'Ig and fa in gyp_ (table 3.6), thie sourc ••• dta consi-

deration aa a 1'19 and r. aupple ...... t and not as Ca .. d P 

8uppl •• ntal source. But b.e ..... of high AlA content (35%) , 

evan its consideration .. I'Ig and re supple. ant baeo.as of 

11l1ited value. The Indian Standards Inetitution (151, 1981) 

nahich AlA content to ba 2.5-3.0" in fin.l .ina"al 

.. bture, probably beeauBe high leval of AlA influanc .. 

utilisaUon of nutrient. and palatability. _e .. en I..!: &I.. 

(1984) suggested that high lavals of AU in tha ration of 

liveatock depressed the utilisation of P and cert.in other 

.icro-nutrient •• 

The carbon.t. and hydrolCida for •• of Ca such 8S 

11 •••• arbl. and chalk powder ara good Ca sources. Li ... 

.... • leo found to ba rich in I'Ig. This 8Ugg •• t. that 11_ 

could b. good altamets C. and 1'111 aource and in co .. pounding 

.. innal .. btu ... .round U •• , the high I'Ig end low r. conten 
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in th1a .atadal n.ed be takan into account. Gohl (1981) 

8l,Igg •• ted that calcitic U ... tone contained 36.4" Ca and can 

eaf.ly be fed free choica .had with aalt to livestock. 

HOllever. dua to "gC03 content (about 5" in dclDllite 11 ... tone) 

it should not be ueed in tha f •• ding of poultry. 

High levels of Fe 1n pe1.1 .1ttl and high Co 

content in 11 .. aludge lIa.te .. erit.d no aignificanca .a 

they contained no other .. ineral of nutri tional uea in 

appreciable quantities to c.tegod .. th ..... lv •• ae a .. ineral 

auppl .. ent. 

Tha filter press Mud wsate. which ia an industrial 

waata product of .... garcan ... Ul had allloat ai .. Uar lIinarel 

coapoai tiDn ea 11.e (tabla 3.6) and it contained 1011 AlA, high 

Ca and sufficient I'Ig. Thus, f11 tar pre •• aud .... t. caul d be 

utili .. d with advantage ae Ca 8uppleaant. Gohl (1981) 

.uoga.ted that driad f11 tar preas aud waste could conatitute 

at la.at 50 percent of the concentrate portion of the diet of 

ruainants becausa, apart 'roa calciua, it alao contained 

pro hin. an d carbohydrate.. Th. f11 ter p res a .. ud waata 0 f 

Trinidad was shown to contein 10 •• % CP, 12% cr, 1.9% EE and 

23.9% ash, whara •• Rotary rut .. mud or l'Iaurit!ne contained 

15.1% CP, 21.4% cr, 1.5% EE and 14.2% ash. Howev.r, the Ca 

and P content of tha PI""ritlu. variety lie .. anI,. 2.63 and 

1.11" resp.ctively (Oavandra, 1977). Pleade.a1 &1,.. (1'65) 

hea giv ... entirely. different composi tion of til tar pra .. 

aud IIhlch containad 4% Ca 8"_C6O and 2.S" P as P20S' with 

1'% protein and 14" fibre. The filter ,resa mud .amples 
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analysed by V .. ti.DJ.. (1983) contained 4.29% Ca, 3.87" P 

end .odouto levele 0' r. and "g. The •• euthora have aloo 

indic.ted that co.position of any 'iltor preas .ud vades 

,r.atly .nd dapondl upon tho proc ... u •• d in tho extrection 

0' 8ugar. The .... pl.s 0 t fil tar pre •• Bud .. asto of V_una 

Nagar su9ar 'actory were considered auitable e. C. sullpl_ent. 

3.3.3.2 Pbp.bpN' 'Hrs'" 

The ch"",lcal cOllposition of certaln unconventional 

phoaphatic 'oras 0' ouppletlent. 11k. rock phosphatee ora, 

PluolOrde rock phosphate (tricalciuo phosphete .. p redooinant 

font), fertilher grada superphosphate (eonocelciu. phosphate 

ee the prado.inant tara), NPK 'artili •• r ( .. ooniU8 phosphsta 

.. predollinsnt fora), end Slioapho gyp eU8 (.ainly •• lciuo 

aulphata) wa' compared with dic.lciull phosphats, a conven­

tional Ca and P .uppl_ant. 151 (1962,1968) recoo.ondad the 

u .. 0' dicalciull phosphate in lIinaral .1xtura. IJith. 

1I0darate p content, and not vary high AlA content, rock 

phOaphate, PluBoorrla rock phosphate and superphosphate lIey 

ba considerad .. al ternate replacement 0' dicalcium phosphate' 

•• P lOurCD in lIinaral s1xture. The additional advantaga is 

that tha •• sourC88 are invariably rich in Pin, Cu, Co and Zn. 

Al thOUGh NPK .. ay quallfy e •• P auppl .. ent on the bads of 

ita P content, low AlII and high ZN content, but ita uee may 

baco ... UIIlted bacaua. 0' high Cd concentration (5 PPII). 

l'Iaynard and Looell (1969) Buggested that Ca snd P 

content a f rock phosphate varied frail 29-36" and 12-18~ 

reapectively and that ta and P of rock phosphete end Iupar­

phosphate are aboorbabla. They sugge.ted high fluorine 



-81-

content p .... ent in theae .. ppl .... enh to ba h.raf"l. In 

the present invastigation a_18a of 8upe .. phosphate wau 

.oderat. in Cs in co .. padsoll to rock phosphate end PI".sonia 

rock phosphate. 1111 the thr8B wen aiaUer ill "hDaphoNa 

content. The r content in th ... phO.phate. 101 •• not higher 

than 2000 pp.. Playnard an d Looali (1969) augg •• tad that 

curacao phosphate W88 eaf.\.F'.:baceuae it contained LO.4% r. 

Th". the a8llplea of rock phoephate, lIua .. rde phosphate and 

8"perphosphete tleted had not high r content. However. the 

f content .ay vary in .a.p18. 'ro .. different areee and n.ad 

be ehacked before being Incorporated In .. 1n."81 .... pph ... nts. 

r"rther. Witt .and O ... ne (1983) rsported that availebllity 

of P fro'" diffarent sources of phosphatee .. era not the .allle. 

Thay Co .. parad phoaphoNa aveilebil1 ty froa sodium phoephate 

.. ith .onodiealclull phosphate containing 21% p. another .ono­

dicaleiu. phoaphate containing 18.5% Pend defluorinated 

rock phoephete end found P .vail.bill ty wars 100. 88. 62 end 

40% r.apaetively. They aacdbed tha differencea in avaUa­

biU ty to the aol"biU ty difference. of di'ferent pho ..,h.te 

sources 1n the ~ .. n. 

from the finding8 p .... anted. it could be concluded 

that the Carbonate. hydrOxide and phosphate fo .... of Ca 1n 

certain aD"rc •• 11ke liB •• chalk powder. aarbl. powder and 

fil tar pren ."d waste could b. po.sible al tarnah aourcea 

of Ca ... ppl.Bents because of low AlA. High AlA and low C. 

end P content in other so"rc.s 11k. kUn dUst, pleater of 

parie, kb,ti. ,ittl and p,lei .itt!, 11.1 t the poseibil! ty 

of their uae 8e Ca/P supplem.nts for livastock. Thus, li ••• 
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chalk powder, .arbl. powder and f11 hr presa lOud ( :> 30% Ca 

and /'2.0% AU) have potant1al1 ty of baing considered aa 

al temattv. aource. of C. supple.ante, tIlau rock phosphete 

and auperphoophata ( 11% p and 115% AlA) could be potenthl 

phDephDNS 8uppl ••• nte, provided r content .... /'0.4%. 

HDwever, actual Uae n.eded to be canfh.ad an the bash of 

aolublli ty .tudied 1n waan ",d avallabiU ty of .lnaral to 

an1.als. 



E!PENnEll.II 

3.4 

l'I."y.lne .. al el .. ent. dII not h.". ai.Uer aolubi-

11 ty in di'fll'ent perte of g.etro-lnt •• tin.l tract. Solub1-

11 ty 0' any a1na1'81 al .. ant 1n the g .. tro-1nt •• t1nal tract 

1. an 1IDportent crihr1a to ...... ite .-ailability to the 

.ni.al (Ch1cco ~ Al., 1965). Thua, pho.phoru. tro. 

d.fluorinated rock phosph.te ..... fo"nd to ba 1 ... aoluble 

and thus I •••• "ailable ta rueinanh, than P 'roll other 

eourc •• such •• dicalclu. phoaphat. and .oftoc.lclu. 

phosphete (Aae ...... ~ Al •• 1957). "'.ilady, 'erroua 

oUlphat •• nd ferric chloride had higher biologicsl a"eU.­

bility to aheap th.n ferroua carbonate ... d ferdc odde 

becau.e tha l.ttar two coapounda ... ara 1.0. eolubla source. 

of iron (A ...... n ..u. &I. •• 1967). Cnt.in ra .. arch findings 

sugg •• tad that I'Ig froll I'lgO i. 1D0re uUlhad by "aap than 

I'Ig 'roll dIIloaita lie •• tone. bae ... a I'Ig '1'0. foraer source 

1& 1101'. aolubla (Rebn ... and Font_t. 1983). 

Solubll1 ty of any .inere! in the g •• tro-inhstinal 

tract ie ralated to tha pre"aUing pH at that part a f the 

gut. Starry &!i.l1. (1966) found that C. and I'Ig present in 

the .boa.sal content. of ahaap ... au 1n .olubl. fora, whare 

the pH rangad froa 2-3. Iraan ... (1970) .tudiad the changes 

in concentretion end .olubilitie. 0' Zn, I'In and Cu ln the 

dif'erent parte of .U.antry trect of aheep and found that 

a 1'81ationahip edated between the solubillties of the 

•• tal and pH "alu •• Df the gut cont ... ts. Thl. patte .... of 
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change coul d be reprodUcad..I.D. vitro by adjusting ths pH 

ot rumen and abo.aaal ... ,18a. 

Keeping this background in via ... the present 

expsrillent waB planned to dateraine the..I.D. yi trp aclubili ty 

of C. and p from different suppl8llent sources in the condi­

tions of changing pH of rUllinal buffer. 

3.4.1 MATERIALS AND "'!:THODS 

l!!. vitro experiments .. are conducted for atudying 

tha ruminal Bolublli ty of Ca fro .. various Ca supplellsnts 

st different pH. Ths Ca supplemBnts included 9Ypsua. lime. 

sarbla po .. der. superphoaphate and dicalciu .. phosphate and 

the aolubility data were compared with tho .. of pure CaCl 2 
(IDH grade). for solubility studies the procedUra of 

Witt and Owens (1983) with alight Modification 88 describsd 

below was followed. 

Each of the sources mentioned above and CaC1 2 
(control) was .... ighed into 250 a1 conical flask to provida 

50 IIg Ca. A rullinal buffer solution .. as prepared by mixing 

strained rumen liquor (SRl) and I'IcDoughaU' s buffer in the 

ratio of 112 (l'IcDoughall, 1'48). A volume of 1DO III of 

this IIbture called rullinal buffer solution, waa added to 

Bach conical flask containing weighed amounts of different 

Ca aupplellanh. The contents were weU mixed and the pH 

.... adjusted to 4, 5, 6 and 7 using 0.1 N HCl with the halp 

of ECIl digital pH metar. The .. ount of 0.1 N HCl added in 
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each of the flask waa carefully notad and volUilea of the 

flasks maintained at different pH were equaliaed with 

the addi tion of aui table quantity (few ml) I'IcOoughal' a 

buffer. In a separate set of conical flaak the pH of tho 

McDougall's buffer solution was al so adjusted from 

4 through 7 by addition of HCl ao as to aerve as blank. 

h.mediataly after tha pH adjuabnent, the sample a were shaken 

for 1 hr in matabolic ahaker water bath meintained at 390C. 

After allowing a mixing time of exactly one hr, 25 ml 

aliquot in duplicate waS wi thdrawn fro .. each of the conical 

flask.. Aliquot I was centrifuged at 16000 x g end " 

aliquot II waa aubjected to dry ashing. Supernatant 

obtained after centrifugation was diluted to 100 ml in a 

100 ml volumetric flaak. This waS directly used for the 

eatimation of Ca by AAS by the procedura deacribed in 

3.1.4.1.2. From the values obtained, Ca present in 25 ml 

of aliquot I .... s calculated. Total Ce present in aliquot 11 

waS also estimated. The 25 ml aliquot waS dried at 

100,± 20C on tha waterbath. The dried .atarial waa ashad 

in ",ufne furnace at 440,± 100C. HCl extract of tha aah 

was prepared as described in 3.1.4.1.1 and Ca determination 

made wi th the help of AAS by following procedure gi van in 

3.1.4.1.2. Ca wee also detemined in "'cOougallls buffer 

by following aimilar procedure and the valuea served 88 

blank. Supernatant obtained from 25 ml or buffer solution 

and that present in the same volume of uncentrifuged buffer 

solution "'a8 estimatad in the similar way. 
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Ca aolublli ty from differant Ca sources "'as 

astimated by the method givan by Yano .i!.il. (1979) 

following the formulae given as under: 

Ca aolubil1 ty 
in SRL (%) -

Amount of Co present in the supernatant 
obtained from 25 OIl of ruminal buffer 
leligygt I)-blank 
-"ount of Ca prasent in 25 ml of 
uncentrifuged ruminal buffer(a11quot 11)­
blank 

Trial lIs Phgseborus splubility of P §upg1amoot. 
in rumin.l by ffe r 

P Bolubili ty in rumina"', buffer "'as studied wi th 

materiels like superphosphete, Muasorria rock phosphata and 

dicalcium phosphate end the solubility data were compared 

..,i th thosa obtained by using pure aodium dihydrogen 

phosphate (~.R.Grade). Each of the source tested W88 

weighed in separate 250 III conical flesk to provida 50 mg 

of P. The samples were processed in aimilar way as described 

in trial I (for Ca). The P content in different e11quots 

(l and II) was maasured spectrophotometry ae per procedure 

described at 3.1.4.2. 

RESULTS 

C,lcium aplybil1ty pf Cn IYPplemBota in rumin,' buffer 

Materials like gypsum, 11me, marble, dicalcium 

phosphete, superphosphate and rock phosphate ware taken 

for Ca eolubil1 ty studies and compered wi th pure CaCl 2 
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(A.R.G~ade). The solubility date of diffa~ent Ca supplement 

and pu~e CaCl2 have been p~esented in table 3.11 and also 

depicted in fig.3.4. It "'as observed that either at pH 7 

or at any other pH, Ca solubility from different chemical 

fOrllls of supplements "'as essentially dissiIRilar. At pH 7 

that is approaching nomal ruminal pH Ca from gypsum showed 

highest solubility of 23.0%, whereas Ca from dicalcium 

phosphate showed least solubili ty, i.e., 0.0%. lit pH 4 

that 1s near the abomasal fluid pH, CaCl 2 showed highest 

Ca solubility, i.e., 98.8% whereas dicalcium phosphate 

.IIIIW.ds ..... 1I Ca solubility, i.e., 32.6%. 

Table 3.11 Ca solubility from different Ca supplements 
in rela ti on to ruminal pH 

Suppl EIIIen t Predominal = __ :!~!~~!_!!!H~~~~!:_~!: ____ chemical 
form 7.0 6.0 5.0 4.0 

1. Calcium CaCl 2 ·2H
2

O 6.3 21.3 90.7 98.8 
chloride 
(1I.R.Grade) 

2. GypeuIR Ca50 4.2H20 23.0 24.0 73.0 91.5 

3. Lims Ca(DH)2 12.0 14.0 34.0 62.0 

4. Marble CaC0 3 5.0 4.0 13.0 39.6 

5. Superpho", Ca(H 2PO 4) 2 11.8 11.8 70.5 92.5 
phate 

6. Oicalcium CaHP04 0.0 4.0 13.0 32.6 
phosphate 
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PhQlQbgrus SQlubill ty of P IUpglements in ruminal byfrer 

Materials like Mussorrie rock phosphate, 

fertilieer grade superphosphate, and dicalcium phosphate 

were taken to r P Golub!li ty stud! BS an d the resul ts were 

compared wi th those obtained from pure sodium phosphate. 

The results have been summarised in tabla 3.12 and a180 

depicted in rig 3.5. Unlike solubili ty of Ca sources, 

changing pH conditions of the ruminal buffer from 7.0 

through 4.0 did not have any marked influence on P solu­

bility of different sourcea investigated. It w.s 

observed that either at pH 7 or at any other given pH, 

P solubility from different chemical forma of these 

supple .. ents was essentially dissimilar. Muasorrie rock 

phosphate ahowad least P solubility (14-19.1%), where.s 

sodium phosphate showed tha highest P solubility (86.5 

- 90.0%). Tha rea.on for such differenc •• in oolubili ty 

could be attributed to the inrtuence of che .. ical form of 

the supplement on P solubility. 

Tsble 3.12 P solubility from different forms of P 
supplnents in relation to ruminal pH 

Supplement Predominant PbpBphorus sglubility(1l chemical form __________ pH ____________ _ 
7.0 6.0 5,0 4.Q 

1.Sodium phos­
phate A.R.Grade 

2. Supe r pho sphate 

3.0icalcium 
phosphate 

4.Plussorria rock 
pbOSRh.ata 

These value s are average 

86.5 86.5 90.0 90.0 

55.9 

14.0 

55.9 

42.4 

55.9 

44.1 

of £wo determinations 

58.1 

19.1 
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3.4.3 DISCuSStOIi 

As mentioned, aolubl1ity .easurBlllant. were 

carried out by the procedure of Wi tt .nd Ow ..... (1983). 

However, as suggested by Yano 11 Ai. (1919), the super­

natant in the pre ..... t investigation lola. separated by hlgh 

""eed centrifugation inetead of by filtration. Witt and 

Owans (loc.cit) found that for P solubility studles 1 hr 

mixing ti .. a wss opti .. u. and that increaslng the .. ixing 

tilDe beyond 1 hr had no advantage. Therefore, In tha 

present investigation, 1 hr contlnuous .. 1xiJ1g tlme in a 

shaker waterbath was followed. further, in the present 

procedure I'IcDoughall' a buffer containing 50 "9 P and ---'--... 
38 mg Ca per 50 .. 1 of buffer solutlon weo used instead 

of Johnson's buffer contsining 25.6 .. g P par 50 1D1. In 

the cslculation, to determine Ca and P solub11i ty, the 

contribution of Ca and P present In McDougall'. buffer 

waa accounted for by .aking suitable blank correction 

by date .. ining Ca and P in the McDougall buffer processed 

in alm11ar .. anner .e the test s.mples. Yano.i! .il'loc.cl t.) 

aleo .ade similar blank corrections in their solubility 

trial •• 

Solubility pC C, agurs" 

Solubllity data (Table 3.11 and ,i9.3.4) 

revealed that Ca aolubility from varioua Ca supple.ants, 

such as, li •• , marble, gypsum, dlcelcium phosphate, super 

phosphate and the control (pure calcium chloride) In 

ruminal buffer were not similar at pH 7. At this pH of 



-90-

tha buffer, the solubility ranged from 0 in caae of 

OCP and 23 in case of gypsum. It ... sa 8IIa%ing to find 

that pure CaC1 2 which is highly soluble in "'ater, showed 

only 5.3% solubility at pH 7 in buffsred ru.,inal fluid. 

Sy seeling down the pH of the ruminel buffar from 7 

through 4, the Ca solubill ty increased in all the CaSes. 

In case of CsCl 2 it reached to 98.8%. It loIae further 

evident that ;~~ pH approschad thet of abomasal fluid, the 

chloride and sulphate forlOs of Ca sho .... d simUar aolubility. 

The phosphate farRIS of Ca, superphosphate showed solubility 

simUar to gypsull but dicalciuR1 phosphate sho ... ed only 

32.6% solubility at this pH. At pH 4 .arble (carbonate 

form) and lime (hydroxide fo"",) .howed 39 and 62% Ca 

solubility respect! vel y. Storry.!!.! Al. (1966) have 

reported all the Ca and Mg preeent in abomasal content 

of sheep wefS in soluble form, toIhere the pH was 1n the 

renga of 2-3. liremner (1970) hes suggested thet pH of gut 

influenced solubility and aVsilability of certain trace 

al .... ent.. He studied the changes in the concentration 

and solubility of Zn, Mn and Cu in the different parts of 

the alimentry trect of sheep and found thet a relationship 

existed between the solubilities of the •• tal and pH of tha 

gut contents. 

If reaction of the gut influenced the solUbility 

of C8 from different Ca supplement sources to such a great 

axtent, it may be anticipated that the distribution of Ca 

into soluble and particulate phasea in the rumen and flo ... 
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rates of the two phases from the rumen may influence the 

rate at which Ca could be made available at the absorption 

sites lower do,"" the gut. Therefore, different sources of 

Ca supplements, may not be of similar value so far as 

different Ca supplement sources were concerned. Evidently, 

there may be the need to modify the quantitative proportion 

of alternate sources of Ca in a minaral mixture not only 

on the besis of CODlpOS! ticn but elso on the basis of 

solubili ty an d nat availebili ty. 

Sglubili ty of P .ourc@s: 

Solubility data in table 3.12 end 'i9.3.5 

revsaled that the solubility of P from the different P 

supplements such as superphosphate, dicelcium phosphate, 

Mussorr!e rock phoephate and pure sodium phosphate 

(control) varied greatly at pH 7. The solubility values 

were not influenced by the decrease in pH for the ruminal 

buffsr solution from pH 7 through 4. Mussorrie rock 
,,;.:1 

phosphate showing louest p solubility of only 17-19%, 

whsreae pure sodium phosphate registered highest P 

solubility. Earlier studies suggested that P from 

different sources were not equall y soluble. Chspman 

~,;,l. (1955) found that utilisation of Phytin phosphorus 

was not good in comparison to other sources of phosphorus 

such as dicelcium phosphate and ete_ad bone meal, because 

Phytin phosphorus uaS almost insoluble. Witt and Owens 

(1983) compared four different forms of phosphorus and 

found that P from pure sodium phosphate, monodicalcium 
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phosphate (containing 21% p), monodicalcium phosphate 

(containing 18.5% P) and defluorinated rock phosphate 

\oIeS 100, 72, 41 and 29.7 percent soluble in !!l vitro 

ruminal buffer solution 1 hr after incubation. iut 

different pH end incubation time (> 1 hr) had no signi­

ficant effect on P solubility. They further suggested 

that the method of P solubility in ruminal buffer could 

be employed to indicate the ranking 0 f diffarent P 

sources fof ruminants. 



CHAPTER_IV 

RUI'IINAL OISTRIIiUTlON AND DISAPPEARANCE Of 
Ca AND P IoIlTH DIffERENT SUPPL[I'IENT SOURCES 



EXPERII'tENT - I I 

There are rsports to indicate the mineral 

availability to ruminants from different chemical forms 

of mineral elemants present in certain mineral supplements· 

are not similar and the aveilabi11 ty does not depend only 

upon total overall supply of the .. insrals in diet. 

A"merman ~t JI1.. (1957) indicated that dUe to low .. aolubi-

11 ty, P availability from defluorinated rock phosphate ... as 

lower then that from dicelcium phosphate Dr steamed bone 

meal. Mg from dolo.lite U ... atone was only 14% available 

a8 ageinst 52% evailebility from pure I'tgO (Gerken and 

fontenot, 1967). If euch differences in the aveilability 

of mineral elements exist, it is possible thet different 

chellical forms of mineral elements present in various 

mineral 8upplanents may influence the gut solubility of 

the mineral in question and also the dietribution of the 

elemant in soluble, particulata and solid phases. 

Further, certain research findings also 8uggest that due 

to different chemical forms of Ca and P supplementation. 

the normal metabolic profile in the ruaen gats altared. 
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Thua, Plumlaa Ii Ai. (1958) have reported that soft 

phosphate of collodial clay a8 P aupplellent reducad feed 
" 

intake, feed 
; .~ 

gain efficiency end lowerr blood P levels. 
t 

Krogger end Carrol (1964) found that dietary gypeum 

supplementation decreased the rata of passage 0' ruminal 

contents through the gastro-int&stinal tract and caused 

acidoais. Irink and Steela (1985) reportad that lime 

as a Ca sourca influenced the buffering capaci ty of the 

rumen and elso poet rUllinel dig •• ion of starch end NDf. 

It weS, therefore, considerad desireble to 

study the ruminal distribution of Ca and p fro .. certain 

conventional and non-conventional Ca and P sources and 

to 8tudy the rate at which theee al_ont. leave the rumen. 

In thia study, the influence of materials like marble, 

gypsum, Musaorrie rock phosphete end superphosphate ~,"-r'oi\ 

COMpared uith dicalciu .. phosphete as a sourca of Ce end 

p suppleMant to cattle,GO"the distribution end disappearance 

pattern of Ca end P from the rumen,has been investigatad. 

rurther, the rumen-pH, ammonia-N and TVrA concentrations 

1n the rumen liquor have been estimated so as to inv8ati-

gate their influence on rumen fermentation pattern. 

4.1 MATERIALS AND MpHDDS 

4.1.1 Explriraanfal anImal. and their lanagaent 

four crossbred (Karen-frias) mala ani .... ls of 

about 2 years of age and weighing about 200-250 kg 

(tabl. 4.1) .... re sal.cted from the herd of ths National Dair) 
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Research In.t1 tut •• 

Table 4.1 Show1ng detells of experimental animals 

Animal No. 

Kf - 4357 

Kf 4371 

Kf - 4346 

Kf - 4364 

Date of liirth 

1.5.83 

25.6.83 

5.4.83 

7.6.83 

\/eight (kg) 

200 

238 

264 

240 

Animals were housed in individual pene and 

maintained under stall fed conditions in a clean and 

heal thy environmant. The stall s ware plastic painted 

to avoid licking of walls. Oaily washing the animals 

wi th clean water and disinfectants Was rout1nely 

followed in order to control flies and othar infection. 

The animals were dewonned using 'Panacure' from time 

to time to keep them free from any worms infestation. 

Clean tap water was provided free choice twice deily, 

to maet their ",stel' requirSlAents. 

Rymen fiBtul.tigD and eare pf fistul.! 

Two stege surgical operations were carried out 

to fix rumen f1stulae in each anim.l. Specially preps red 

ice bags having e matal plete at the outer aleeve was 

fixed 1n the process of fistulation. A hard rubber tubing 

wao inserted inside the ice bag so that inner alee.e 

of the bag r .. uined in psrfectly expanded state making 

the rumen air tight as far sl possible. 
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Special Cara uas taken to maintain the fistula ted 

Apart froll kaeping the anillals clean, the rumen 
II 

uere checked daily for J.'t~ 'intectness and position. 

Application of 'Lorexane' and a mixture of phenyl and 

linseed oil (in the ratio of 1.1) around the rumen fistulae 

..,as routinely practiced biueekly in order to keep them 

free from lAaggots. In Case of Maggot infestation on the 

f1stulated uounds, application of turpentine oil alone or 

lIixed wi th weak tincture iodine solution was found very 

effective in treating the animals. 

4.1.2 Experimsotal e"ding 

Pr'R,ratipo 9f basH coocentrat, mixtur,: 

The basal concentrate mixture prepared by 

mixing appropriate quanti tias of maize, groundnut cake 

an d whaat bran (tabl e 4.2), supplie d 20 pe rcent CP 

(16% OCP) and 70% TON. These figures were calculated 

from the standard values given in ICAR iulletin No.25 

(Sen and RaY, 1978). In addition, Rovimix as vitp. ... ;~ 

supplement, having the strength of 62,000 I.U. of vitamin A 

and 10,000 I.U. of vitamin 0 per gm of Rov1mb powder, 

waB mixed a 10 gms/quintel of concentrate mixture. To 

this basel concentrate mixtUre, experimental mineral 

mixtures prepared wi th di fferent Ca end P supplements 

(table 4.3) ware added to respective betches for feeding 

of animals. 
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Table 4.2 Ingredients of concentrate mixture 

Ingredient. 

Maize crushed 

Groundnu t cake 

Wheat bran 

Proportion (%) 

40 

30 

30 

Preparation of experimental minstal mixtUres: 

Sased on the Ca and P content of various mineral 

supplements scanned (experiment-I, tables 3.6 and 3.8), 

materials like dicalcium phosphate, gypsum, marble pOIJdsr, 

mU860rr1e rock phosphate and fertiliser grade super­

phosphate \JerB selected as Ca and P source in the respec­

tive mineral mixtures for in vivo experiments. 

Six different treatment groups (TO to TS) 0 f 

mineral mixtures wers prspared (tabla 4.3) in a way that 

onl y the sources 0 f Ca and P supplements "'as varied. 

Group TO served as negative control and contained no Ca 

and P source, whereas group T1 made with conventional 

sources liks dicalcium phosphete and chalk powder served 

88 positive control. The calcium and phosphorus sources 

were marble powder and sodium phosphate in group T 2' 

gypsum and sod. phosphate in group T3 , rock phosphate and 

sod.phoephat. in group T 4 and superphosphate and sod, 

phosphate in group T S' The quan t1 tie 8 were 80 adjusted 

that most of the Ca and p needs ..,ere lIet from the first 
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Table 4.3 Details of different Ca and P sources used 
in the preparation of mineral mixtures 

Treat- Ca/P source Ca & P Qty(kg) Total supply 'I 
mente used of Ca and P 'I 

Ca~~~t~t:c) per 100kg , 
of cone. v 

through suppl, " 

mix. ment in 100kg 
cone. mix. 
Ca( g) P~g) 

TO Nil - -
(-va 
control) 

T1 Oicalcium 32.0 28.0 1.650 528 478 

(+ ve phosphate 

control) Chalk powder 41.0 0.331 ..u§. 
~ 978 

T2 
Marble powder 40.0 1.660 664 

Sod.phosphate 19.87 2.405 - !118 
664 ~78 

Gypsum 16.0 4.150 664 
T3 Sod.phosphat. 19.87 2.405 - --m-664 II 8 

Rock phosphate 25.0 12.0 2.6 SO 662 318 
T4 SOd.phosphate 19.87 0.800 - 16Q 

662 1178 

TS 
Superphosphate 17.3 9.67 3.838 664 372 

Sad. phosphate 19.87 0.530 105 

664 477 

In addition to the Ca/P source used, the following ingredients 
uere used per 100 kg of cone. mix. for the preparation of 
complete mineral mixture. Sodium chloride 900 g; Magnesium 
carbonate 90g; rerrous sulphate 1.6g; Copper sulphate 2.1g; 
Cobalt chloride 1.59; Manganese dioxide 2.19; PotassiuRI 
iodide 0.3g and zinc sulphate 7.5g. 

I ~ 
" I, 

, 

'i 
v 



ingredient in the group and sodiuM phosphate was 

usad only to marginally balance the remaining P needs. 

Aa evident from the table 4.3, all the test groups 

axcspting the negative control supplied same quantity, 

i.e., 664g Ca and 478g P in 100 kg conc.mixture and 

the groups varied only with respect to the source. 

To all the traatmant groups the supply of 

other minerals including trace mineral. were similar. 

100 kg of concentrate mixture prepared with each treat­

ment group was fortified with purs chemicals as sho,," 

in tabla 4.3. 

[aading schedule: 

Concentrate and roughage (wheat straw) were 

the same in all the groupa. The experimental treat­

ments differed only wi th respect to supplementation of 

Ca and P fro. Itineral mixtures 8S the mineral mixtures 

of different treatment group contained different sources 

of Ce and P supplements. The concentrate mixture 

prspared with the respective mineral mixtures ... ar. 

grouped in treatments To to T5 as sho"," in table 4.3. 

The NRC feeding standards (1978) were followed 

in puparing the feeding schsdula. Each animal was 

offerad 2 kg of concentrate mixture daily et 9.00 A.I'I. 

and soon after its consumption wheat strew 10188 provided 

&II libitum. The animals were fed in clean plastiC 

troughs 10 88 to avoid mineral contamination from 

external sources. All the four animals wera fed under 

the each treetment to r a period of 21 daYB (prefaeding) 
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at the end of .Jlich the samples of ruman l1quir/ruminal 

contents/blood were taken for 6 consecutive days for 

the estimation of various parameters a8 described balDu. 

This con.tituted one treatment group. All the four 

animels WBre then switched Over to the next treatment in 

8 .... i tch over design 1n .Jlich again experimental pre­

feeding ... as follo ... ed for 21 days and samplings were mede 

for next 6 days. 

4.1.3 Exp,rimental prgG'''''I' 

After following experimental feading for 21 days, 

sample a of rUllen contents were collected for (1) 2 conse­

cutive days for studyin; ruminal di.tribution of Ca and P 

and (il) for next two daya for ruminal metabolite, .Jlere­

after (iii) the animal. were awitched oVer to ruminal 

volume and ruminal fluid flo ... rate studies. Samplas 

were collected as discussed later under the respective 

headings. 

Sapling or [Wine! cgntents for ,tudle, 
pf eft ADd P dintributiQO 

Animal, were 91 ven 2 kg of experimental concentrate" 

mixture afcording to the respective treatment at 9.00 AM 

followed by 2 kg of .Jleat bhooea. Water wes given 

&.\Il1bitum strictly et 11.00 AI'I so that samples of ruminal 

contents could be obtsined et 1.00 PI'I, i.e., 4 hrs after 

feeding the concentrate mixture. for collecting the rumen 

digests, the ice bags were removed from the rumen fistulae 

and rumen contento were mixad manually by insarting the 
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hand inside the rUlllen, so as to be able to collect a 

rep resen tat! Va sample. About-SQ.C .otl Of rum .. digesta 
,,~,.-.- --.. - .. " 

sample were collactad in stoppered .. aasuring cylinder 

from each of the fistula ted a"1 .. als and brought to the 

lab for further analya1 s. 

Processing pC rum in,! dig,st. and celcul@tigo 
9' ct{stFibutipD gr C. nod Pi 

The ..... pl .. of rum.n digesta were fil tared through 

four layers of cheese cloth by pressing it hard so as to 

aqueeze out as much strained rumln liquor (SRL) as possible. 

The volume of the SRL obtaine d from 500 ml of the rumen 

digests was recorded in each Case and solid portion of the 

rumen digests left .fter squeezing "'as kept in oven for 

drying at BO.,t SOC for 24 hours. This portion of the 

rumen digesta made the sampling for solid phase. The SRL 

waS used to separate the soluble phase (supernatant) and 

the particulate phase (residue). Fo r this separation 

25 .. 1 aliquot of the SRL was centrifuged at 16.000xg at 

1'0011 temp. and supernatant (soluble phase) waS preserved 

in deep freeze for further analysis. Ca end P concentra­

tions ",ere measured both in the SRL and the supernatant 

.8 described in Chapter III (3.4.1). 

Concentration of tha8e elements in the 

part! cula te phase (resi dUe) waS calcu! ated "br di fferenc e 

in the following manner: 

Total Ce in suparnatant from 25ml SRL • X mg 

Total Ca in 25ml of centrifuged SRL 

Therefore, Ca present in particulate ,hese of 

25 .. 1 of SRL • (X - y) • Z mg 

• Y 1119 
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If' II' is th e volume (ml) 0 f SRL obtained after 

squeezing 500 III of the rumen digest., then tot.l C. 

present in particulate ph.se in 500 All of rumen digest. 

can be calculated as: 

• Z • II 
25 

mg Ca 

Similarly, the amount of Ca present in soluble 

phase (i.e. t in supernatant) in 500 m1 of rumen digesta 

was calculated asS 

• x • A 
25 

mg Ca 

Similar calculation for P distribution in 

supernatant and particulate WaS made. 

The dry solid portion of the rumen digesta 

obtained "'as weighed and a representative sample was 

dry ashed. The Hel extract waS prepared as in 3.1.4.1.1 

C ..... s estimated by AilS 3.1.4.1.2 and P ..,as analysed 

3.1.4.2.3. Total content il' the solid phase of 500 ml 

of rumina! digesta .... s calCUlated. Fin.lly, the proportion 

of Ca and P distributed in soluble, particulate and solid 

phase of the rumen digests waS presented. 

Semg1iog and d.tapminAtieo of ruma" m@tabDlitas:pH. TVfA, 
individual ura and NH3 ... N coocantration in ruman liquor: 

lifter t ... o days sampling for ruminal distribution, 

rumen samples were also collected for next two days ,",hile 

keeping the animals on Bame feeding regime. Samples were 

collected 4 hrs after concentrate feeding as described 

in 4.1.3. Rumen samples ware collected by means of 8 hard 
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polythene tube. The samples were strained through e 

muslin cloth to collect 100 ml of SRL in a poly thane 

bottle which ... as immediately brought to the leboratory 

for further an.lysis. The pH of the !'aRL "'eS immedi.tely 

recorded snd then few drops of IN H2SO 4 "'S8 added to 

check microbial fermentation before the """'pIes were 

transferred to deep freeze for further analysis of some 

IRe taboli tea. 

Il.!!:- pH ... as determined with the help of (CIl digital pH 

mahr (MOdal EC-5651). 

Ammgnia-N :- Micro diffusion technique of Conw.y (1962) 

was followed to determine emmonia-N concentration in 

SRl. In the out.r compertment of con .... y lIicro diffusion 

cell. 1 ml of SRL WaS taken on one Side, wherea8 another 

1 ml of saturated sodiUM carbonate solution was taken on 

the othar side. finally, 1 III standard boric acid 

solution containing mixed indicator waS placed 1n the 

inner ... ell and lid waS fixed ... king the syst ... leak 

proof. The contents in the outer compartment were mixed 

by gently tilting .nd rotating the lIicro diffusion unit 

wheraafter it was placed in an incub.tor adjusted at 

39 0 C and kept there for 3 hours. The contents of the 

inner chamber .... re then titr.ted using 8 microbiurette 

against 0.01 N H2~04 to II light pinkish colour. The 

emmonia-N concentration was calculated 8S: 

Ammonia-N(mg/l00ml SRL) • ml of acid use x normality 
of acid x 14 x 100 
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Tgt,! yalet!I. fatty @eid. (TUFa): 

The concentration of TVrA in SRL was estimated 

by the method of .amat and Raid (1957). 2 III of SRL 

alongwith 2 .,1 of oxalate buffer (Scarabrick, 1952) waa 

ata ... distilled in a Markham's distillation apparatus. 

About 100 .. 1 of distillate was collected, which was then 

titrated against O.01N NaOH using phen01phethelin a8 an 

indicator. TVrA concentration in .. eq/100 III in SRL was 

calculated as follows: 

TVrA(in •• q/100 -
III of SRL) 

p.rtitioniog pf TUFA: 

Uol. of NaOH us ... x Normality 
9' NaOH x lQO 

2 

IndiVidUal UrA fractions were pertitioned and 

estimated with the help of Nucan gaa chromatograph 

series 5500 fitted with no (name ionisation detector) 

and stainless steel column (2 I'IXO.25 cms) containing 

chromosorb-101, and using ni trogen a8 the carrier gas at 

a flow rat. of 40-60 ml/minute. 

lefora injecting the a ... plas into the gas 

chromatograph column, SRL waS processed by the mathod of 

Erwin.!! JI1. (1961). 4 III 5RL was lO!xed wi th 1 III of 20% 

metaphosphorie scid solution prepared in 5N H2SO 4 , 

Oeprotonised .... ph of SRL .. as centrifuged at 4000 rpm for 

10-1511in, The suparnatant thus obtained was used for 

monitoring through the gas chromatograph, 

0.2 u1 of this supernatant .. as injected into 

the injection port of the gaa chrometograph. The ch ... bare 
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containing the column and injector were already equilibrated 

at 180 and 2200 C respectively. 

A standard containing acetate, propionate end 

butyrate in the molar ratio of 60:30:10 ... as also run 

into the gaa chromatograph under the similar conditions, 

as those of the samples. The standard paaks obtained on 

the graph roll were used for identification and quantifi-

cation of peaks in the test s8IIIples. Ditferent proportions 

of acetate, propionate and butyrate in the sSlllples of SRL 

were calculated on the basis of respective peak afeaS as 

shot.ln below: 

Peak area. t x height of the peak x width of bese lina' 

Rymen diBogp.arencl pattern of C. and Pi 

The disappearanca pattem of Ca and P fro .. the 

fumen uas calculatad t based on the principle of dis­

appearance pattern of N from rum.en, from various protein 

sources, as dascribad in the mathod given by Loarch sj; ,al.' 

(1983). 

Disappearance pattern of Ca or P through ru.en 

fluid. Rumen fluid flow rat. (l/hr) x mean Ca or P 
concentration of rumen fluid (Olg/1) 

The rumen fluid flow rata (l/hr) of all tha 

enl11181e under different treatments waS calCUlated by esti­

mating first their respective rumen volumes, the methodology 

of which has been discussed below. The concentration of 

Ca and P in the samplas of rumen fluid, i.a., SRL takan at 

different tima intervals WaS estimatad in ruminal fluid 
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after ashing kno,"" amount of aliquot by the procedUre 

described earlier in 3.4.1. 

Rumen fluid vglum, and flew rate: 

Rumen fluid volumes of all the animals under 

different treatments ... ere estimated ... ith the help of 

polythylene glycol (PEG) of mol .... t - 4000 using the 

method of Hytten (1956) a8 modified by Smith (1959). 

Ouring rumen volume and flow rate determination the 

feeding pattern ... ae slightly changed. In order to 

achieve steady state of rumen fermentation, the required 

quantity of feed ... as divided and given at periodical 

intervals. The animals were maintained in a steady state 

condition of rumen fermentation as far as possible, by 

offering them wheat straw and ... ater distributed et hourly 

intervals and was given immediately after the collection 

of the rumen sample was made. The concentrate mixture 

was offered as usual in the morning at 9.00 API. A sample 

of rumen liquor YaS collected just prior to feeding of the 

concentrate mixture and taken as zero hr collection. 

100 ml of 25% solution of PEG waS infused into the rumen 

just at the time of reeding 0 f concentrate mixture. For 

better mixing of PEG, the rumen contents were stirred 

manually and ona hr was allowed as the mixing time of PEG 

in the rumen e8 recommended by SIIIith (1959). Thereafter 

the sample S 0 f rumen liquo r wers collected at 1, 2, 3, 5 

and 7 hours after the infusion of PEG solution t and subse­

quently stored in deep frIeze for further analysis. 
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Estimation of PEG concentration; 

The samples of rumen liquor were analysed for its 

PEG concentration by the method of Smi th (1959) which has 

be en desc~ibed below. 

Reagents used:(i) ZnS0 4 solution (5~ WIV). 

(ii) (0.3ft) ila(OH)2 solution. 

4.7325 9 of larium hydroxide waS 

dissolved in 70 ml of hot diatilled 

watar and the volume was made to 100 mI. 

(iii) UaC1 2 solution (10% W/V). 

(iv) TCA - IaC1 2 solution. 75 9 of the TCA 

and 14.75 g of hC1 2 loIera dissolved 

separatel y in the t .... beakers containing 

100 ml of distilled water. The two 

solutions yere transferred to a 250 ml 

volumetric flask and the volume was 

made up. This gave the concentration of 

TCA (30 percent w/v) and liaC12 (5.9 

percent w/v). The mixture waS kept 

overnight and fil tared before being used. 

Preparation of standard cyrve: 

The procedure followed for the preparation of 

standard curve is given below; 
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Steps 
T@st tubas 

Blank 1 2 3 4 5 6 

1 • SRL taken(ml) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

2. PEG solution 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
(25mg/100 OIl) 

3. 0.3N lIa(OH)2 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

4. 5% ZnSO 4 soln. 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

5. 10% BaC12 son. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

6. d. H
2

O 4.5 4.0 3.5 3.0 2.5 2.0 1.5 

Total(ml) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

The contents of above tubes were well mixed and 

centrifuged at 3000 rpm for 10 minutes. 2 OIl f11 trata Waa 

taken and to it was added 5 OIl of the TCA/iaC12 solution 

and 3 OIl of distilled water 90 as to make it 10 mI. This 

waS 1 eft exactl y for 30 minutes for the development of 

turbidity and readings were taken in a spectrophotometer, 

spectronic-20, at 540 nm waVe length. A standard curve 

was dralJl"l for different concentration of PEG against 00 

readings (Hg.4.1). 

Calcylatigns; 

The PGE concentration/100 OIl SRL was calculated 
~-, .--~----' 

",Uh the help of standard curve (fig.4.1) e8 follo .... : 

From the standard curve 

0.04500. 0.375 .. g PEG 



FIG-4.1 STANDARD CURVE FOR ESTIMATION OF PEG 
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0.375. x mg PEG/ml of SRL 
0.045 

• 8.33 x mg PEG/ml of SRL 

_ 8.33 x mg PEG/100 ml of SRL 

Using the above standard curve PEG concentrations 

for the five rumen collections made at 1 t 2, 3, 5 and 7 hrs 

\l8S estimated. The values of PEG concentrations against 

collection of 1, 2, 3, 5 and 7 hrs were plotted on a samilog 

graph paper end PEG concentration at zero hr was extra­

polated. Ruman fluid volume wa. calculated at the tima of 

infu8ion of PEG into the ruman by meking use of the 

following equation: 

Rumen volume (ml) • 100 • ~ 

Where •• b' is the quanti ty of PEG (mg) infused into tho 

rumen, and t s' is the zero hI' PEG concentration 

(mg/100 ml SRL). 

D@t.rminatipD P' rymina! fluid flou [ate: 

The ruminal fluid flow rate (l/hr) was 

calculated from the values of ruminal volume (RV) and 

exponential decline constant (b) in PEG conc. 

by using the following formula: 

flow rate(l/hr) • RV(litres) x b x 60 

eft and P concentratign in blgQd "rum: 

The blood was collected in clean test tubee 

by jugular puncture. The blood samples ware allowed 
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to clot. The clear serum Was separated out and 

preserved in deep freeze for further analysis. 

Serum Ca content was estimated by the method 

of Clark and Coll1p (1925) as modified by Sandroy (1944). 

The serum P concentration waS estimated by the method of 

fisk. and Subbarot.l (1925). 
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4.2 RESULTS 

4.2.1 "instal cpmpos! t100 Q f experimental 
,iolral mixtura,; 

The mineral composi ticD of experimental 

mineral mixture. T, -TS prepared with different Ca and P 

sources have been presented in table 4.4~. Al though 

there was wide variation in the Ca and P content of 

different mineral mlxtures, quantities either of Ca and 

P par 100 kg of concentrate mixture ware adjusted in 8 

way that the respective concentrate mixtures supplied 

the ..... quant! ty of Ca and P (table 4.~\·end 4.4'i). 

Excapt TO the negative control Ca and P 

content of different concentrate mixtures (T, to TS) 

varied in the r.nga of 1.0S-1.09% for Ca snd 1.08-1.15% 
;; .~ 

for P, but TO contain' O.34~ Ca and 0.56% P through iIIha , 
basal concentrate mixture. Wheat straw which waS common 

for all the groups, cont.ined 0.26~ Ca and 0.1% P. 

There was only 11 ttle variation in 1'19, fe and other trace 

minerals content in the concentrate mixtures under the 

respactive treatment groups. 

4.2.2 pry "etter. e, And P intake of .ni!!!a1. 

Averaga 11 ve wei gh t of animal s an d th e1 r to tal 

dry matter intake have been presented in table 4.5. The 

.. ean valu.~ for dry metter intake of animals in the six , 
groups were 4.S57;t 0.112, 4.646;t 0,106, 4.902;t 0.098, 

4.984;t 0.142, 4.S19;t 0.101 and 4.947;t 0.111 kg per day 
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Tabla 4.4A PliDIEII' '11l1Rgli tiRD gf IKg6"m!i!D$I~ miLo8'1iI1 mixtures orea.rad 
with different C. And P suDolemental sources 

Treat- Ca and P BOurce Mineral cgmp9§itipn(1 'l' bes!,} 
ments Ash 11111 C' P 1'19 re I'In Cu In Co 

TO Nil 93.77 0.36 4.60 0.33 0.054 0.075 0.270 0.051 

Tl Oicalcium phosphata 86.48 0.1521.69 16.01 1.37 0.21 0.022 0.029 0.064 0.017 

T2 Marble powder+ 95.77 0.1312.46 8.531.53 0.11 0.015 0.021 0.056 0.007 
aod.phospha te 

T3 Gyp sum+ so d. 86.3615.05 8.78 6.08 0.91 0.12 0.015 0.031 0.031 0.006 
phosphate 

T4 Rock phosphate 96.07 10.34 14.72 10.28 1.37 0.67 0.046 0.023 0.071 0.006 . ~ 
T5 Sups rphosphata , 88.5411.47 11.95 8.39 1.32 0.20 0.071 0.022 0.045 0.007 

Above figures are mean or two determinations 
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Tabla 4.4' Mineral composi ticn 0 f experimental concentrate mixtures 
prepared with different sources of Ca and P supplements 

Treat- Ca and p"SQUrcB Min. [al cpmpps; tipD ments added to cone. 
mix. ~~----~::erc~~ OM b:Sis-~~-----:~----1 ~~----:~-ppm~~----~~-----

TO Nil 4.6·1 0.12 0.34 0.56 0.OB5 0.054 69 27 B1 20 

T1 Oicalcium 7.B6 0.B1 1.05 1.08 0.087 0.074 79 25 B1 19 
phosphate 

T2 Merble t- 11.12 0.14 1.07 1.12 0.OB2 0.076 75 26 B3 17 
eod.phosphate 

T3 Gypsum 1- 10.9B 1.7B 1.09 1.13 0.096 0.084 75 27 92 21 
sod.phosphate 

T4 Rock phD sphats 10.92 1.0' 1.06 1.14 0.086 0.079 74 25 91 1B 

T5 Superphosphate 10.12 O.BB 1.0B 1.15 0.091 0.061 69 31 91 21 

Above figurBs are average of two determinations 
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Table 4.5 Average live weight, intake of dry matter. Ca and P of animala on 
using different sources of Ca and P supplements in concentrate 
mixtures 

Cgnt,r _. - ----- -- ----Traftmsot§ 
TO T2 TS 

Particulars 1 T3 4 
(-ve) (+va) (marble) ( Gypsum) (Rock. ( Supar_ 

+ + pho •• ) phos.) 
sod.phos. sad. phose 

e,l ( 2l ( 3l ( 4) ( 5) (6) (1) 

Average live wt. 238 241 238 234 236 232 
of animals(kg) 

01'1 intake (kg) 

Concentrate 1.731 1.718 1.725 1.734 1.742 1.724 

'Wheat straw 2.825 2.928 3.177 3.250 2.776 3.223 

Total 4.557 4.646 4.902 4.984 4.519 4.947 
j; 0.112 j; 0.106 j; 0.098 .:!: 0.142 j; 0.101 .;t 0.111 

01'1 intake/100ky 1.907 1.969 2.065 2~31 1.910 2.130 
body loIeight(kg + 0.051 + 0.053 .;t 0.066 .;t 0.077 j; 0.054 .:!: 0.063 - -

•••• contd. 

r-value 

(a) -

0.18 

1.14 

1.71 

1.26 
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•••••• contd.tabl. 4.5 

L11 .______{2J _l3L- --- C4J _- -- (ST -u.f6J_ (1) -__ .181 

Intake of cpl g/hoed/dRY) 

Concentrate 5.88 18.04 18.46 18.90 18.46 18.62 

Wheat Stl'8W 7.34 7.61 8.26 8.45 7.22 9.40 

Total 13.228 25.65b 26.71 b 27.35b 25.69b 27.02b 4.12"'" 
.:!: 0.12 .:t 0.13 .i 0.16 .:!: 0.09 .:t 0.08 .:!: 0.16 

IntakA 9 r p( g/head/d@y) 

Concentrate 9.69 18.55 19.32 19.59 19.85 19.82 

Wheat straw 2.82 2.93 3.17 3.25 2.78 3.22 

Total 12.51 8 21.48 b 22.4g b 22.48 b 22.63b 23.04b 3.96*' 
j!J.06 .:t 0.07 .:!: 0.08 .:!: 0.06 .± 0.06 .:t 0.07 

Value. wi th different superscripts(a,b) differ significantly 

(ach value is average ot" four figures 

"·"P.L0.05 
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respectively and differencea "'ere not significant (p > 0.05). 

Dry matter intake per 100 kg body ",aight of anilO.ls under 

the raspecti va groups waa 1.907;!: 0.051, 1.969;!: 0.053, 

2.Q65;!: 0.066, 2.131;!: 0.077, 1.910,% 0.054 and 2.130,% 0.063 

kg/dey respectively. Thess differences ",ete also not 

significantly diffarent (p > 0.05). Intake of Ca and P 

through concentrate, through u-.sat straw and total have 

bean presentad in tebla 4.5, end it UaS evident that only 

group To(-ve control) ... as showing significantly lo",er 

valuo of total Ca and P intakes then all other groups 

which ... era statistically similar. 

4.2.3 Erraet of dirr.rent spurces of C •• Dd P SHRgla.eats 
on [uma" matnbolit.s ond blopd ,arum C. and P levII, 

4.2.3.1 Rum.n m.tab91!tRs: 

The average valuls for rumen pH, NH 3-N concentra­

tion and total and individual Vfl\a levels in SRL collacted 

4 hre after feeding, have been presented in table 4.6. 

Rymen pH:_ Ru •• n pH in diffarent treatment groups TO to T5 

... ere 6.50,% 0.09, 6.20,% 0.13, 6.54,% 0.06, 6. 55;!: 0.07, 

6.26,% 0.11 and 6.56,% 0.07, respectiVelY,,,,ere statistically 

similar and reflected no influence of treatments. 

Ammonia-N :-NH:s-N concentration in the rumen liquor of 

aniMals in treatments TO to TS ... ara 11.63;!:0.90, 16.43,% 2.06, 

16.31,! 1.63, 15.26;!: 0.72. 12.03,! 1.32 and 17.6S,t 0.69 mg/l00ml 

SRL (tabl. 4.6). Thesa valuas wara statisticallY similar 

in groups T2 , T3 end TS and also in the control group (T1l 
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but was significantly less (P,L0.05) in group T4(rock 

phosphate) and To (-ve controll. suggesting that rock 

phosphate may influence N-utilia.tion. 

Total yglatile fatty Acids:- The lavel of total "fAa in 

respective tl'eatment groups, i.e. t TO-IS were 9.65,;t 0.78, 

9. 54.:!: 0.72, 9.29.:!: 0.69, 8.26.:!: 0.48, 7.01.:!: 0.59 and 

8.15.:!:0.73 meq/100 ml SRl. " 4.. ..' Althoug" beving ·lowel' values 

. in group T 4( rock phosphate) end group T s( superphosphata) , 

the ruminal TUfA showed no Significant3;ditference"(P) 0.05) 
" \ I 

indicat~ that function of ceUulytic org.ni8Ols in the 

rumen may get affected by feeding certain sources of Ca 

and P supplements in the concentrate mixtures. 

The relative percentage of individual VfAts, 

i.e., acetate, propionate and butyrate also showed no 

treatment effect. 

4.2.3.2 Ca and P levBlslin blood serym: 

The average values of serum ~or Ca and P levels 

under different treatment groups arB presented in table 4.6. 

It \Jas evident that serum Ca levels in treatments TO to TS 

ware 10.90j: 0.41, 10.70,:t 0.46, 9.25"t 0.38, 10.65,,: 0.47. 

9.35.:!: 0.51 and 10.20.:!: 0.42 mg Ca/100ml respectively. 

Some depression in blood Ca levels in group T2(marble) and 
not 

T4(rock phosphate) were/significantly different (p > 0.05) 

and values of blood Ca level s in all the groups wete 

statistically similar. The serum Ce levels in negative 

and positive control groups, TO and T1 ",ere also similar. 
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Tabla 4.6 Rumen metabolites and Sefum Ca and P levels in animals under various treatments 

Control 
r T o 1 

(_ve) (+ve) 

Ru ... n pH 

Rumen NH _N 
(mg/100m! SRL) 

Ruminal vrll 

6.50 
;t 0.09 

11.63-
~ 0.90 

(1) Total volatile 
fatty acids 9.65 

(m.q/100m1 + 0.76 
SRL) -

(11) P ropo rtiona 0 f 
indiyidYal VFa',(iQ 

IIcetate 63.5 
Propionate 
Butyrate 

Serum Ca 
(m9/100m1) 

Serum P 
(m9/100m1) 

25.7 
10.6 

10.90 
.:t 0.41 

6.61 
;to.12 

6.20 
;t 0.13 

16.43b 

;t 2,06 

9.54 
.:t 0.72 

65.5 

23.2 

11.0 

10.70 
.:!: 0.46 

10.26 
.:t 0.16 

T.natio~1'l to 
~---- T3 T4 ~--- T5 

marble gypsum rock phos. auperphoe. 
+ .od~Dhoa6 + snd.DhoR. 

6.54 
;t 0.06 

16.31 b 

.:t 1 •63 

9.29 
;t 0.69 

67.5 

21.6 

10.7 

9.25 
.:!: 0.38 

10.36 
;to.16 

6.55 
.:t 0.07 

15.65b 

.:t o•72 

6.26 
.i 0.46 

66.5 

24.2 

9.3 

10.65 
;t 0.47 

10.66 
.:t o • 16 

6.26 
.:t 0.11 

12.038 

.:t 1.32 

7.01 
.:!: 0.59 

67.5 

23.7 

6.6 

9.35 
.:t 0.51 

9.79 
.:!: 0.22 

6.56 
.:t 0.07 

17.85b 

.:t 0.69 

6.15 
;to.73 

66.2 

22.5 

9.3 

10.20 
.:t 0.42 

6.36 
.:t 0.12 

Values lJi th di fferent superscripts [a,b) di ffer signi fieantl y 
Each value is average of four figures 

ePio.05 

r-
value 

0.76 

3.43" 

2.06 

1.60 

0.77 

0.19 

0.46 

2.07 
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Tha .. rUII P 1"".1. in different treataenh 

(10-15) .. era fDund to be 8.61;1: 0.12, 10.28;1: 0.18, 

10.36;1:0.16,10.86;1:0.16,9.79;1:0.22 and 8.315;1:0.12.g 

P/100 a1 urua reapact1va1y end all these values .. er. 

stati.tically shIU.r. A1thDUgh ...... P level. 1n 

group TO and TS (-v. cDntrDl end 8uperphDsph.te) .. e .. 

fDund to be slightly lDwn cD.pared tD cDntrol group( T1), 

the differencas weu nDt significant (p > 0.05). 

4.2.4 p"trlbutipD 9' C. end P in ru,'o.j:cpntet. 

The distributiDn Df Ca end P in aolubla 

(contdfuged Sill), particulat. (centrifugate .... ) and 

80lid phaee. ( ..... rated solid portiDn) Df the ..... n 

dig •• ts collected 4 hrs aftar f •• ding, h.ve bean preaanted 

in tabla 4.7. 

4.2.4.1 C.lciums 

I:a rang.d fro_ 6.9-9.4" in aoluble ,h ••• , 

6.3 to 11.4" in ,articulat. pha .. and 82.9-86.7" in 

sDUd pha •• Df tha ru •• n dig.et. re .... cti.ely. Th. 

diatrIbution Df Ca ... s lDwe.t in the aoluble ,h ... of 

ru.an cDntanta and had sl.D.t ai .. U.r vslu. in the 

particulate ph •• a aleo. HD .. aVer, Ca ..... 01Uy locat.d 

in the 80li d "ha •• Df ell the treatll.nt grDUp.. Date in 

talol. 4.7 further rev.alad that in ca.e Df .arblB and rock 

phosph.t., the distdbutiDn of Ca in aolubla and pnticulsta 

"b ••• of the .... an dig •• t ..... significantly high.r •• 

co .... r.d to that in dic.lciUII phosphate (Gantrol). 



-120-
...<",v~ .. c 

" Tabla 4.7 c. and P distribution (%) in 
treat.ant. 

rullinal contenta of ani ... la under various 

Cont.rol Tr ... t.anta r-
TO T1 

(-va) (+va) 

T2 ---- T3 -- - T,,-- TS 

(Marble) (gypsum) (rock (aupar-
+ + pnoa) pnoa) 

value 

BDd .. mhoa. aod.aha •• 

g'I~E'Uy~'gD gC 'I'll 
(i) in 1I01ubla 6.9 8 7.4ab 8.3b 7.3ab 9.4c 8.4b 5.93* pbasa 

(H) in "arti-
culsta ph .. _ 

6.3- 7.0· 11.4" 7 •• 8C 8.7c S.08C 6.1~ 

(Hi)1n Bolid 86.7· 85.8· 80.5" 85.7· 82.,c 83.6c 14.07-
pblo" 

W.ISiEf.llw~RD 52!: p'Sl 
(i) in sclubl. 45.5- 37 .2b S2.Sa 43.aD 29.3d 39.Sb 26.S~ 

phs •• 
(H) in p.rU- 9.aa S.ob 3.85" 11.8s 13.5c 12.Sac 11.51· 

culata phaa. 
(11i)1n aclid 44.7- 57.S" 43.7· 44.4a 57.2b 48.0· 11.5..-

pha •• 

Valus. with different superscript. a,b,c,d in tha ..... lina differ 
significantly (piO.oS .PiO.OS 

eJv. r~~ "Ii A' ~ '0 b.i '1 e..: v.-~-.>~-{ P'{ 

1U"~"'4 v",Cv-e, "HJ"~, r.. .... ~. ~ 't~ 
~....1.r .. "c.;,_ ... ·, 
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4.2.4.2 Php-bgW': 

I t was evident froll t.ble 4.7 that unlike Ce, 

p waS distribut.d to sufficient ext ... t in aolubla phe.e 

and rangad fro. 29.3 to 52.S ~ in different treatsent 

group.. In the solid ph ... also th.re wea suffiCient P 

distributed and rangad fro. 43.7 to 57 .8~. However, the 

dietdbution of P in the particulata "he •• was loweet end 

ranged frOID S.O to 13. 5~. Data in tabla 4.7 furthar 

reva.lad that distribution 0 f P in tha 80luble "haae 

waS highest in Cas_ of group T2 when .arble and PUH 

aodiull phoaph.te wara u •• d •• Ca end P aullple.enta and 

lowsst 1n rock phoaph.ta group (T 4)' 

4.2.5 C.lciu. end 'heRhpw' cgDe,ntr,t1on in SIL 

C. and P concentr.tion 1n SRL ..... "l.s collacted 

.t 0, 1, 3, 5 end 7 hr •• fter f •• ding of concentrate 

.1xtura are pHsentad in table 4.8 end also deplcted in 

rig •• 4.1 and 4.2. Thara 1. no •• rked var1.tion 1n the 

Ce concantrations of SRL collected .t diff.rent ti •• 

intsrval. froe an1eal. fed different BOurce. of C. and P 

in their resp.ctive concentrate lIixtura.. Tha .ean of tha 

valuea of C. concentration 1n dirfennt group. (TO to T5) 

.. are 9.86,t 0.17, 14.6D,:t 0.18, 14.2D,:t 0.24, 14.D4,:t 0.38, 

13.92,t 0.43 and 13.75,t 0.42 IIg C_/100 .1 SRL re .... ctively. 

Th ••• "elue. ware ai.11ar in all the group. axcapt group 

TO which showad lower valua 9.86 ., C./1DO .1 5RL .. no 

Cs supple.antation wea •• d. in this grou". 

P concentration in the SRL ... pl •• wea .uch 

h1gher .. co .... rad to Ca. Tha .ean of the value. of P 
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Tabla 4.8 Ca and P concentration (0lg/100 .1) 1n 5Rl of aninl.la under 
varioue treataents, •• a function of time 

Hours 
Tg 1, 

TEII!IIlfltl 
12 T3 T. 

CalciYl 

0 9.3 14.0 13.7 12.7 13.0 

1 9.7 14.5 14.0 15.0 15.0 

3 10.0 15.0 15.0 14.0 14.3 

5 10.0 14.5 14.5 14.0 14.5 

7 10.3 15.0 13.8 14.5 12.8 

l'Iean 9.86 14.60 14.20 14.04 13.92 
5E.t .t 0.17 .:t 0.18 .t 0.24 .t 0.38 .t 0.43 

•••• contd. 

15 

12.7 

14.5 

14.7 

14.0 

12.8 

13.75 
.:!: 0.42 
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••••• contd.tebl. 4.8 

Hours 
To T1 T2 

TEllbulll. 
T3 T4 Tl'5 

Phe·hprus 

0 49.3 48.8 62.2 53.1 49.8 65. !5 

1 50.2 49.2 61.8 54.8 48.2 63. :li3 

3 51.4 SO.3 63.2 55.6 48.5 63.60 

5 SO.6 50.2 62.6 55.5 49.4 65.8' 

7 51.6 50.0 60.4 54.0 48.7 64.8 I 

fie ... 50.62 49.78 62~04 54.60 48.t2 64.600. 
S£,! ,! 0.41 ,! 0.30 ,;t 0.47 ,;t 0.47 ,;t 0.29 .t D." 

,-
Each value 1. average ot tour ob.ervations 
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FIG-4·3 PHOSPHORUS CONCENTRATION IN SRL 
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concentration in varioue groups (TO to TS) wsre 

SO.62;1: 0.41, 4'.78;1: 0.30, 62.04;1: 0.47, 54.60;1: 0.47, 

48.'2;1: 0.29 and 64.60;1: 0.49 a9 P/100 al SftL re ... ..,tiv.ly. 

The valuea .. u eimilar in ,roupe TO' T1 , T3 aRdT4 but 

only aarginally higher in groupe T2 and TS ' indicating 

that the proportion of total p th.t i. pr.eent in 80luble 

plue particul.t. ph •••• (rapr ... nting SIlL) O/e. guater 

in the .. two group •• e co.pared to others. Such findinge 

were al80 8upported by the P dietribution etudiee in the 

ru.en digeete (Teble 4.7) where to totel of 80luble and 

particuleta phae •• in the •• groupe weU high. Unlike C., 

P concentration in ,roup TO to which no P suppl.aentation 

.... aada, a180 showed .i.ilar value in co .... rlson to 

can trol group. 

Th. di.app.arance ret. of C. and P froa ru.en 

.... calculated e8 product of NIIen fluid flow rate (l/hr) 

end ..... ru •• n fluid concentration (.9111 tre) of C •• nd p 

uapectively. The ru •• n fluid flow rat. in eni.al. under 

varioue tuetaente w •• calcul.ted by .etilOatlng firat the 

reapactive ruaan volu •• e end th ... utiliaing thia data 

in tha .atl.aUon of ru •• n fluid flo .. rate •• deecribed 

in 4.1.3. 

4.2.6.1 RaIn auld yglU •• oDd it. f19H r,t,: 

The date on rue.n fluid valua., ruaan fluid 

flo .. rata end weter intake of aniaala hev. bean pra.entad 
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in table 4.9. Th. eean value. or rueen rluid value. 

undor vari<lua treat-.nte (To to T5) ... re 25.83;1: 0.63, 

25.01;1: 1.17, 25.71;1: 1.30, 22.83;1: 1.36, 25.26;1: 1.33 and 

21.55;1: 1.39 litre. rea ... cthely. Th. e.an valu •• at 

rU"n fluid. 1'10 .. rat. in ths re .... cti ... groupa ".1'. 
0.993;1: 0.049,0.874;1:0.084, 0.950;1: 0.032, 0.856;1: 0.033, 

0.833;1: 0.089 and 0.797;1: 0.04 l/hr raapecUvaly. There 

.. a. no aignil'lcant dirference (P 0.05) ln the valu .. or 

ruean rluid values, rueen tluid 1'10 .. rat. and ... t.r 

inteke or ani.ale under verioue treat-ente, indicating 

that the treat-ants had no etract on r ... lnal voluee .nd 

flow ret ••• 

4.2.6.2 IUI'n di,.· •• r.nG. r'b 9' C •• od P: 

The rue.n dia.ppearance ratae or Ce and P 

through ruesn fluid under various tuata.nt. have been 

presanted in table 4.9. The •• value. wars 92.5;1: 4.2, 

131.7;1: 5.6, 135.0;1: 4.5, 120.5;1: 3.6, 115.2;1: 7.2 and 

109.0;1: 2.2 egfhr tor C. and 474;1: 14, 436;1: 16, 579;1: 8, 

473,t 18, 413;1: 24 and 51&,t 'O.g/Iu tor P reap.ctively. 

Oi.appearance rata of Ca through ruean fluid waa aigni­

ficantly lower (p<;:" 0.05) In 91'OUP TO a. co.pared to oth.r 

group. (T, to TS)' but tha valu •• in group. T, to TS 

were .tatistically ai.Uar _ .. ing no v8riabill ty in ru.en 

disappearance rat •• or Ca on uaing d1fhrant CalP III.IIIIP1a­

.ant.. Ru •• n di8appearance rate ot P under the •• condi­

tion. wars .tati.tically .iooUar in .11 the groulII. includ­

ing group TO' 
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Table 4.9 Watar intake, rumen fluid volume, rumen fluid flow rate and 
disappearanca patt.m of Ce and P through rumen fluid 

Control Tna tm ant a 
TO -T, 

(-va) (+ve) 
T2-- T3 14 15 

(marble) (gypaum) (rock "hoaH suparpho.) 

Water lntak. 29.19 26.83 31.45 28.88 33.36 28.59 
(11 treil/dIY) ~ 2,19 .:t 1.67 .:!: 2.13 .:!: 1.89 .:;t1.56 .:!: 1.64 

Ru .. an fluid 25.83 25.01 25.71 22.83 25.26 21.55 
volu ... (l1 tree) ~ 0.63 .:t 1,17 .;t1.30 .t 1 • 36 .:!: 1 .33 ,:t1.39 

Ruman fluid flow 0.993 0.87. 0.950 0.856 0.833 0.797 
rata(l1tree/hr) .t 0.049 .:!: 0.084 .t 0.032 .t 0.033 .:t 0.08' ..t 0.040 

P::':rft~::e:sr:2!:nr'i=id 
C. 92.Se 131.710 135.010 120.510 115.210 109.010 

.!: 4.2 ~ 5.6 .t 4.5 .t 3.6 .t 7.2 .:t 2.2 

p 474 436 5711 473 413 516 
.:!: 14 .:!: 16 .:!:8 .t 18 .t 24 .:!: 10 

r-val". 

0.89 

2.10 

0.93 

3.39* 

2.19 

Rusen diaallpaaranca rata of C. end P through r .... n fluid I. calcul.ted e. product of 
£U •• n fluid flow rete(l1i:rea/hr) end •• an tulRen fluid conc .. trat1on(.,/l1tu) of C. 
and P respectively. 
Valu •• with different aupaucripte(a,b) differ algnHlcantly 
Each value 1 •• aan of 'our obe.rvaUone 

.PLD.DS 
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4.3 DISCUSSION 

laaed upon acanning .tudie. (ChaptarllI), C. 

and P ... ppl_ante 11ke .erbla, gyp .... , "uaaorria rock 

phosphate end fertiU.ar grade suparphoephata une 

aalectad for NIIinBl atudi.a. The parea"tara .. era distri­

bution, rumina! concentration and ratea et totIieh Ca and P 

left the ruaanep .... r~ant. _ In addi tiD", "'._in'luance on 

no .. al •• t.bol1 tea in tha "u.an and blood Ca and P 

concentrationa .. ara also atudied. Th. poaitiva control 

conaiatad of dieBlciu. phosphate ... co •• only accepted 

Ce and P auppl •• ent SOurce end the n.gative control, 

conal.tad of no a"tra aupplament for Ca and p. Two CB 

supple_mant source., i ••••• srbla (T2) anc! gyps ... (13) and 

twa P aupplaRlant sourcae, i ••• , rock phosphate (T.) and 

auperphosphate (Tsl wera included in a""eri.entation. 

In T2 _ and T3 group a P sUllplamantation ..... ada through 

aodiuRI p!>osphate. Since both rock phosphat. and supar-
< 

phosphate containad enough Ca, no utra calc1 ...... ppla­

.antation wa. n.eded. Tha eineral .1xturee were coaputed 

in a way to ... pply al.iler quantity of Ce end P in 

treataanh T, to T 5 through the ratlon (T .ble 4.3). In 

addition, tha trace ainaral supple.entation ware alao 

.ade aiaUar. Tha .nieala ware adult, ncn-producing and 

of aimllar aga, hance, the lIahbo11c d_anda of the.e 

ani.sla sither for .in.ral d .. ante or _for fe.!! nutrient. 

wsra ..... tially eimiler. Slnce the aniaal8 war. hou •• d 

in plastic painted individUal ataUs, poaeibllity of 
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.xtraneou. Ca and P aupply through It,king of .. alla 

.. aa .voided. Since the ba .. l di.t .. a ..... in all tha 

group., tha aupply of organic nuhhnta .. ara alao .imilar. 

Under the condition, the tr •• t.ant .ff.ct 

.t1pulated .. a. only dua to the different .ourc •• of Ca 

.nd P .uppla.ante u.ad and coaparad with dicalciu. 

Ithoaphat ••• en .ccapt.d C. and P auppl •• ent source. 

Dat. in taDl. ".3 rav .. l. th.t only 0.3"" C. 

and 0.56" P .. a. Itr.a.nt in the baa.l concentrata alxtura(To) 

In which no Ca/P BOuro ... a. added. In the tr •• taant 

group. T, to T5, the diatary total calciua content rangad 

froll ,.05-1.0'" and P content rang.d flo ... '.08-1.15". 
I t .. ant that about 66" of Ca and SO" of P in the u.,activa 

concentrate .lxtura ... ara fro. a.t.rnally addad auppla •• nt 

sourc •• (4.3.1). Th ... dift.rant BOurc •• of C. and p ted 

to anl •• la in the concafttr.ta ."'tllraa did not ahOIl afty 

algniricant differanc •• in the total dry .att.r intake or 

dry •• tter intaka par 100 kg body ... ight or ania.la(t.bl. 4.4) 

Th. t.aul ta .ugg.ated t"at any Dr the traata.nh h.d no 

.dver ••• fract on p.latability of the diat. Plual •• .J!.M.. 

(1958) reportad that eoft IIhoaph.ta with collodhl clay 

ra ... l tad in daore ••• in faad intaka, had gain afficiency 

.nd 10w8l' •• ru. inorganic I' levala. Iouchrad .nd Conrad 

(1973) round dacr .... in f.ad intake whan agricultural 

grada gyp ...... aa u.ad to increa •• C. and 5 content of the 

I 
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b .. al ratlon. Ho .... ver. only with rock phoephate groupa 

the anlaale ln beginnlng showed 808. raluctanca 1n 

acceptanca of concentrata aixture but 1n ccuple of daye 

dur1nll tha pra-axperi'sntal daye they econ got adjusted 

and the 1ntaka waa .1 .. Uar to other group.. Th. low Ca 

and P through concentrate and thus the total 1ntaka of 

C. and P 1n greup TO 1n coapadecn to othar groupa "aa 

only the reflactiOIl that the P baeal dlet 1n greup TO 

conta1nad low Ca and P becau .. it waa un.uppl.aentad. 

4.3.3.1 RUI'p •• t.bpltt.!; 

Ry.1O DJil.- Tha •• jor einerals play 1!portant role 1n 

.aintaln1ng IIhya1och_1cel charact.ristics of ruean .adi .... 

The •• 1n buffar coaponant. ln ruaan ara Na, P, K and VFA'a, 

end eny dacr ... a ln theae components ln ru.an uoult. in 

changa 1n ruaan pH (Ourand and K." .. hiaa, 1980). In the 

pr ..... t axperl.ant no significant arract on ruean "H 101 .. 

obaervad a. thare waa no diftaranca in tha supply of 

diatary P in tha rea.,activa groupe axcapt greup TO' In 

group TO alae, anl .. ale aaintainad rualnal P concentration 

a1 .. U ... to control and Dthar g .. oup. ".cau •• of recycling of 

P through .allva (Cohan, 1980). VFA content. in different 

greup. alec did not diff .... 

6!.onla=N:- Rueinal NH 3-N concentratlon showed no variat10n 

1n groupe T1 , T2 , T3 and T5 but the val" •• wara sign1fi­

cantly (PLo.os) 10 ..... in To and T4 groupe. Intu.l!. 
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coep.rison of TO end T" g~upa 8U,g .. tad that T" group 

b.hevad ln 81e11ar way aa TO group whare the concent" ... 

tiona ln SRL ware low (tabl. 4.8). It waa avldent that 

only P but not Cafroe rock phoaphate (T,,) was coape" ... 

tively leas aoluble (tabla ".7) •• 1 ta distrlbution in 

the soluble pha.a w .. low. Conaldadng thla low laval 

of P .01ubllity ln tha 5RL (T ,,) and 10 w level of P 8uppl y 

through diat (TO)' the two group. behavad a1alluly in 

ruelnal NH 3-N concantratlon. Tha". 8". only augg •• Uva 

avidenc •• to con ten} th.t Iowai' P concentration in rue.n t 

liquor .i thaI' due to low di.taryaupply or 1 ••• aolu­

bll1t.y in t.ha SRL, the activity of proteolytic organi·._ 

ln tha ruean 10 afract.ad. No direct. avidence la .vaUabla 

to .upport thlo contantion although thare ara finding. 

to sugg.at thet p requireeants of rueinal org8lli ... U. 

Much higher than C., and th.t l'Uainel P concantration 

.ffected the activities 0' I,et'Eipd. luppinpg.n., 

'.ryant .u .11., '959). 

Yel,Yl, r.tty Apid"_ A1 thou~ etaU.t1celly nan-

algnlficant, the TyrA concantration. in SRL wue .Ughtly 

lowa" in tr •• te_nt groups T3 , T" and T5 .a coaparad to 

othar group. TO' T, and T2 • Sinca Til and T" i ••• , 

nagativa and posittva control groupe showed 8im11ar 

TUrA concantration, the .lightly lowar valu •• of T3 , T" 

and TS groups cannot be attributed to lower Ce and P 

concentrstions in tha SRL or the tre.taent effect end can 

only be interpretad •• nor, .. l vadebilities or enie.l •• 



It .. ea .leo obaerved that the tuatmenta did not influence 

the relative ,,"',ortiona ot ecet.te, propionete and butyrete. 

Theretore, it .... evident th.t ditterent fom. ot ainerel 

suppl •• ants exarted no influenca on ruainal an.rgy .eta-

boli tea. Chicco.l!.a1. (1965) uead di ttarant aourcea 0 t 

P, such •• Ca orthophosph.te, Na ortho- and •• te phOBllh.te 

end Dbserved nD ditferencein C~iC activity of ru.en 

bacteria. Haher (1978) eleo rllpDrt.d th.t totel VfA'. 

level in anillal.e tad tour euppl .. ental fora. at P in th.ir 

dbt - aDnocalc1u.,phosph.t., dieslciua phOBllh.te, .0110-

a.aoniua phosphata and .onoeodiu. "hoaphet ... era si.iler. 

How.v.r, .in the .... etudy the "roduetiDn at " ... ,,10 •• \8 

.... condd.rably higher with .onoaodi_ "hoBllhat. coapared 

to other .oul'e ••• 

4.3.3.2 'lP9d G •• 4 P 1,y.1.: 

Thar. are .vidence. to suggeet thet concentra­

tion of P in the blood ot young ani •• la tall rapidly when 

P intake is inadequ.t. (Wi .. .s1.a1., 1961) and aleo when 

p aource is poorly utllhed (H •• ing ... y and flahwiok, 1976). 

Such in.dsqu.cis. in di.tary aourc •• f .... ditfarent .inerel 

supple.ante .. era not observed 1n the pusant inv.stigation., 

since eerum Ca and P values ware not influenced due to 

treataenh. 110 difterenc.e in Ca .nd P levels in TO end T, 

group. sugge.t.d that evan .t lower di.tary Ca .nd P aupply 

in TO' the int.rplay at h •• eo.t.tic •• cheni ... (Cohen, 

1980) w.re sufficient to aaint.in e.rum Ce and P concen­

tration.. However, thsre waS .argineU. depuuion ift 
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.erum P in ca.e of TO' T 4 and T5 group. sugg .. t.ing th.t 

prolonged reeding on t.h ... tra.t.eanta •• Y outbalanca tha 

ho.soatatic ragulat.ory .echani ... in cour .. of ti .... 

Di,tributipD 9' C. and P in wIlnel eli g,.t,s 

Du. to the compU" natura of t.h. rueen, racycling 

of mineral el .... ent. in the rumen; pH conditions of the rumen, 

ruesn volum. and ret. of digest.a flow, it .... rel t 

nac ... ary to study the ralativ. distribution ot C. and P 

in the ruminal dig.st ••• intluencad by tha 8uppl .. antal 

sourc... Ca and P diat.ribution .... studi.d in th .. s 

IIh .... of ruminal digut •• 

(i) Solybla phI" - Ulluaented th. ionic fora ot tha 

minaral ela •• nt., uncollple"ed with binding liganda, 

unadlorbsd on f •• d particles and tha ,ortion not hald u, 

a. ineolubl. lIoiety in the f •• d lI.rUel... Thia wee 

accounted for .. the aupernatent portion of tha .trainad 

rusin.l di ga.te. 

(11) Pprticyhta ph ... - rlpresented portion ot the 

slneral .l.sents bound to Ugande a. insoluble comple ... 

and utilia.d by sicroorgsni .. s Which could be .ccounted 

for a. the rasidU. r .. ai"ing after cantrifug.tion 0 f 

strain ad rUllinal digute. 

(Hi) SpUd Abe" - which uprasantad the portion of 

8in.r.l .la.enb hald up a. inaoluble min.ral particl. 

or adaorbad on the f •• d particla. Thi. portion .... 

account.d tor by taking the reaidUe of the .tr.in.d 

rU8in.l dig •• t •• 



It wee oba.rv.d In .ill yitro .tu din with ru.lnal 

bu"er that verioua .In.ral aup"l .. ent IIIIU re .... u. not 

having .ldler 801ulol11ty In the _.n. Th. C. 801ulll11ty 

but not the P IIIIlubl11 ty .... Influenc.d by pH chang .. 

(Cheptu llI). Evan the diffuent .In.rel 8Ol'pl ... nto h.d 

not .... P IIIIlullUity In ru.ln.l bul'f.r. Such finding. 

h.d Indlc.t.d th.t th.ra •• y II. v.ri.biU ty 0' C. and P 

distribution in aolullh.!',ertlCU1.t. 

the l"u •• n. 

.nd aolld p ...... in 

Tha pre.ent .tudi •• (hille 4.7) sugg •• ted th.t 

Ca fro. different 8Oure ..... e 101ub18 in the ruaine1 fluid 

to the ."tant a I' 7..," •• coalp.Ud to P which w .. IIIIlubl. 

to the .xtent af 30-50". Yeno JI1.&L. (1979) c •• up 

with .1.11 ... ab.e .. vation. with their .tudi •• on ... ep .nd 

reported th.t in Co .... 1'18On to C •• IIg and 1(. the Cancen­

tr.tion of P IIftd I. in the dig •• t. and .u ... m.tant af 

ru •• n and o •• au. war. high.r. C. in tha aoluili. ph ••• 

.... lower in group TO than the overall di.tribution !'rD • 

• uppl .... ntad tre.te.nt group. (T, to Ts)' but C. 'ro. 

rock "flo.ph.te (T.) Mow.d high .. t ao1ub111ty. Ita 

dl.trlbutian In the p.rtlcul.t ... h ••• followed al.oat 

aiaUn ... tt ... n, although the highest distribution in the 

"" ....... in •• rble supple.ented group (T2). Th. propor-

tion In tha lllllid .. h ....... the .... ultant .fhct af It. 

dlatrlbutlan In the .alulli. and partlcul.t. "" •••• and 

wa •• bout 80.5 to 86.1" af tatal C. "raaent In the ...... n 

contenh. In cant .... t to Ca. th .... w •• 81gnlficantly 

hlgh.r di.trlbutian af P in the eolubla .. h •••• the low.at 



value balng In grou, T. (rock ,ho.,h.ta). The lower 

valu •• of P distrlbution In the solubla ph •• a In T l' T3 , 

T 4 end T S group. then the baaal f.ad group TO w.a due to 

hlgher I' 1ntake In supple.entad group. than the be.al 

group TO' D.ta 1 .. tabla •• 5 ougge.t.d that I' Intak. w •• 

sign1flcantly hlgh in all tha ... ppl ..... tad group. than the 

b ••• l group TO' Witt and 0", ... (1983) heve report.d th.t 

ru.ln.l P .01ubil1ty 1. dacre.e.d with Incue •• 1n laval 0' 

1 te di.tary sup"l y. Sutf'lcl.ntly depre •• ad val .... of 

aolubl. P in T., T1 .nd TS group •• ight be due to lo ... r 

eolubility of the respective fora. of auppl"ental P. 

Highar valu8 in group T2 could be. beceuse of highly 

.oluble aDurce of P, i ••• , aodiue "ho.,hata, .... uead •• 

I' supple .. ent. Th. raeul te augge.ted th.t in t .... 0' I' 

eolu.,111 ty 1n the ru .. en, rock phosphat ..... the le •• t 

eoluble 80urC8. The distrlbution of I' 1n the part1culats 

pha •• waa lo ... et 11'1 group T2 whara 8 .oluble fore of 1', 

aDdl .... phosphate "'8. used. Higher value. in T3 , T 4 and 

T 5 .ugg •• t.d that there " •• preSlllce or enough binding 

liganda 1n these groups e. the 41141 content ",era a180 

hign.r. Howev.r, C08p..,etiv8ly • hlgher value of P1n thel·~. 

particulate "h ••• of group. TO than T 1 .... d T2 1. ditf'icul t .' 

to explain. 

4.3.5 eft epd e cpnceptr.tlp" in SIb 

Ca end P concentration 11'1 the ruainal fluid are 

known to b. influenced by dietery lavel of tn ••• ele ... nh 

and their oolublliti •• in the ruee" contento (Yeno !.1.11., 
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1979; Witt and O"ana, 1983). In the pre .. nt up.dunt 

di.tary intaka of C. and P "are aimU.r in all tha groupa 

axcapt group TO (the control) which aupplhd Ca end P of 

f.ed origin only. Ca concentration in group To "a •• 1gni­

ficantly la •• (PLa.os) in comparioon to all other groupa 

"hich "ara &hawing _tati.tice11y ehlUer valuaa (tabla 4.8). 

In contor .. t the P concentration in all tha groupa "are 

.imUar. I t is known that thara i. continuoua turnover of 

P through .all Va to the rusen liquor. Tosu U Al. (1967) I 
have indicatad that P .eeretion fros. both .. arotid glanda '0>1' 

of &he.p a"caadad by 1.3-7.2 tis.a the intake of P through 

fead which rangad from 0.4 to 4 ,P/dey. This contribution 

of P through aalivary recycling "a. the "radominant factor 

by which P concentration in SRL ia a.aentielly saintainad 

irra.pactiva of diatary .upply. Clark (1953) have r.or~ad 

that aven in Ca.e of clinical hYllophoaphoroaie in cettle, 

P concentration in the ruminal fluid did not f.l1 balow 

200 sg/l1 tre. 

O.t. in tabla 4.9 indica tad that there w •• no 

affect of faading diff.ront Ca and P .uppl .... nta on "ater 

intake, rusan fluid voluma and flow rat.. Ing •• tion of 

cartain inorgenic .alta like sodiu .. chloride or sodiu .. 

bicarbonat. wae found to increase water intake, ru •• n 

flui d voluma and flow rate (H.Salay U .11., 1975; Tho.paon 

U .11., 1978) end decra .. a the dry matt.r intake end ruminal 

digestion of organic nutrients (Rogars U_~.!_1!179). lut 
~ .. -



thh w .. not the Cae. with C. and P supple.ants u.ad in the 

pr .. ant investigation as the addition of Ca/P .... ppl .. ent. 

brought no a1gn1tic.nt Chan .. 1n ... "'T 1nt ..... 1'\III.n fluid 

volu •• and flov rate aa co.pared to Ioa •• l group (TO). The 

availabill ty of Ca .nd P to the ani.,.la fro., the lower gut 

would depend upon the ruminal fluid cpncentration and the 

digesta flo", rata aa depicted by di •• pp .... ance pettarn. 

S1nc. all tha t .... tllente except TO had aimUer Ca concentra­

tion in tha SRL, the different IIineral .ullple.,ent gToup. 

m.y not br1ng about any diffarence 1n Ca evailability to the 

aniael particularly because tha diga.te flow rata and ru.1nal 

dieappearance of Ca ",era not afrected due to the type or 

supple.ant. u •• d. However, 1n unsuppl ••• nted group ,TO' due 

to lowe ... d Ca concentration 1n the SRL, the Ce dhapp ....... ca 

rata ..... also lov.r .uggaating decreas.d .1n.ral .vaUabUi ty 

to the lover gut for abaorption. In cas. of p. this wee not 

the casa. With. aim11.r P concentration in SRL in all the 

groupa TO to TS and simU.r P di ..... p.aranc. pattem in all 

the groups. tha ... mey not be any influ.nca on the P .v.Ua­

bility at lowar gut. It w •• thus probable that the gut 

fsctors exert.d no influenca on regulation of P atatu. of 

the animal. until the change in dietary auppl y ..... ao •• vera 

to cau •• dimunitlon in ruainal P Conc.ntration or •• livary 

recyc11ng of phosphorus. 
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EXPERIMENT.II 

EDTiII is • shang chel.ting ag.nt. I ru •• 
in lIineral suppl .... nts haB b •• n clai.ad to i.prove 

utilisation of certain treee .inerals by non-ru.inanh ctJ,A; 
(Scott and Zeigler. 1963; Dberla •• U .11 •• 1~~~~ Kratur 

~ .,.,... 
and Strarcnar. 1963). lut no adVantaga in Zn utiU.a-

,-----

tion waa noticed when EDTA wea .ddad 1n tne diet of 

ru.inants (Powell .aj; .A1 •• 1967; Pliller.aj; .A1 •• 1968; 

Hiera &Ii .11 •• 1968). Howe"er. J.D. vitro and JIl .!lim 

aolubllHy ot PIn. In and r. and thus their utilh.t1on 

wea found to be i"",rov.d by reading cnal.ted pri.b 

trace al .. ant euppl ... nta in co.pariean to ot'::~ 

co •• erciel traca .ineral .ixture (fall. 196~). Tha 

axtent of binding of any.inaral with EDTA rn tne ruaen 

is .ore in ca.e of h •• vy •• t.la 11k. Cu and Zn tnan 

with Ca and PI 9 (Gaorgie"i ak11. 1982). 

Wi th this background in view. tne influence 

of different laval. of EDTII suppl ..... tation wa ...... 

on Ca utili.aUon fro •• inaral supple.anta as evidant 

fro. ru.inal Ca aolubility and di .. ppearancB rat ... 

4.4.1 PleTERlALS AND "PHOOS 

'p,rl"ntel "" •• 1. 

Tha a ... four tiatul.tad ani.ele und in 

previoua experi.ent (4.1.1) were switched over ~ .. 
• 

tar tna presant inv.stigation. 



',"EI.,ot,1 "'din, 

The co_poll1tio .. of concentrate _btuI'. and that 

of _inaral .ixtura ",era the .... a. u.ed in control group 

(T,) of previous a.edaant (4.,.2). Tha ani. ale were 

fad concentrate _ixture and wh.at .tra", i .. ai .. i1.r ",ay 

•• ducribed earlier (4.'.2). The axp •• i_ntal tre.tllante 

differed in four lev.l. of EDTA .uppla.entation, in the 

diet of re .... ctiv. group., followi"g the .witch oval' 

d .. lgn .a followed 1 .... 1.2, dlffnlng o .. ly with reapect 

to EDTA do.e leval., 

In treatll.nt T" no EDTA "' .. _ixed i .. the 

concentrate .ixture, whila in tn.tllente T2 , T3 and T. 

ratio of. EOTA,Ca add.d th1,'Ough .in"rel aupple .... t was 

kept a. 0.2:1, 0.5:1 and 111 (on 1/ .. b •• i.). All tha 

four aniaala wara fed under aach tr •• tsant atarting fro_ 

T1 , for. pedod of 21 days at the and of which ... ,,1 •• 

of ru •• n liquor wara collected for Ca solubility .a.aura­

.ant atudie. and for ra •• n fluid voluaa. All the four 

eni ... la w.re then .witchad over to the next treatsent 

(i.e., T2 then T3 and so on) in a .witch oval' .!iB!~JII!, 

Exp,ri.pntal ,rep,duE •• 

S ... pling of rDaan liquor for the ... aul' ... nt of 

pH, .olubility of Ca in ro.inal fluid and ruaan fluid 

volu •• /flow rata was .ada in tha aiOlilsr way aa ducribad 

in 4.1.3. 

C. 801ubili ty in the SaL of .ni •• la fad 

ditfar.nt levele of EDTA in their dlet waa •• ti •• tad by 

the .athodof Yano .l!.a1. (1979) .. d.scribed in 3.4.1. 
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S .. ple. collected at 4 hra poathadlng .... ra uaed •• a 

rap~eaentativ •• 8IIple to p~vlda •• an value of C. conce .... 

tration. Proca ... raa asployed for the •• till.tion of rusen 

fluid flo ... rata. C. concentration in the SRL and C. die-

appearance pattern were the ..... 8 followed in 4.1.3. 

RESUL TS 

Rum.n pH. eft aplybility ,nd it. cgDc.ntrfttigD in SRL: 

Th. value. of ruB1nel pH, Ca .01ublli ty and, 

concentration in s .. pl •• of SaL collected .re praaent.d 

in t.bla 4.10. The value. of Nlllnel pH in different 

t.eatllents were 6.S8j: 0.04, 6,S'j: 0.02, 6.42j: 0.04 and 

6.S0j: 0.03 .. spectively and .... r. quite aillU.r to .ach 

other. Th. solubility of C. in the ruein.l fluid wara 

43.02j: 2.94, 38.SSj: 2.63, 30.42j: 0.81, 29.87j: 0.98 % 
respectively and increaaed significantly (p< 0.05) with 

the increasing level of EDTA in tha dht of eni.ale in 

traatllent groupe T, to T4• Ca concentration in SRL in 

different traatllanto did not very aignificantly and tha 

valu •• ranged from ".30 to 12.50 .g Ca/100 III SlL. 

Ru,in,l fluid flpw ret. end [, 
dis'PR"""" tro. ru.,n: 

Thara ... as no .ffect of .ddi tion of differant 

lavel of EDTA in tnatllents T2 , T3 and T 4 oval' trlatooant 

T" on rumina! tlow rat. or on di sappaarance rat. 0' Ca 

'rom Nllen. Values for rueinal .flow rat ........ 

0.930j: 0.050, 0.868j: 0.064, 0.9'S,;t 0.072 and 0.'16,;t 0.042 
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Ut .... /hr; and for Ca di .... p .. r ... c. rat. through ruain.l 

fluid W8re 1D4.7;t 2.2, 1D7.4;t 2.6, 114.7;t 3.6 and 

111.8.:1: 4.2 a9 Ca/hr re.ectively (Table 4.10). loth 

the .. par .... t.u did not show any signiricant diffar ... ce 

in di frar ... t treatmant.. 

4.4.3 DISCUSSION 

It "as evid ... t froll the tabla 4.10 that by -
changing the 

ths ru.lind 

treat.ents. 

EOTAsCa ;,tiO in the .,lnarel au:pla.,anta 

pH rSll~i~s constant and was not ;fractad by 

Howevar, tha Ce solubility declined as a 

function of treatment contrary to tha axpectetlon8(9 
"....--_.,., .. -""-.~---

C. concentration in SIlL, the rUllinal fluid flow rat. 

and thus Ca disappearance rata di d not change wi th the 

treatlllents. Sinca tha SRL rapresents the solubla and 

particulata phaaas, dacr.aaa in Ca aolubility and constant 

concentration in SRL suggested that there was increa •• 

in the particulate pha.s Ca. This particulate C. aight 

b. because of foraation of complex .. of Ca-EDTA, ainc. 

the cheleting bands ere very strang. It is difficult 

to praau.,8 that than will be disaoci.Uon of Ca fraa 

ih liganda in the chelate in acidic conditions of pH 

1n the abollalum or ptaxi •• l intestine. Therefore, 

de.pi t. the ... a Ca di .. ppearanc. rat. froa the rua.n, 

suppl.mentel Ce in the presence of EDTII •• y not render 

complete Ca availability for ebeorption. 

-0-0-0-
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Tabla 4.10 Ruminal pH, Ca aolubility, concentration and ita diaappearance 
rata from rumen on reeding different laval. of EOTA to the animal. 

Traat...,t. 
T, ···--T~T3 T4 

Ratio of EOTAsCa( wlw 0:1 0.2" 0.5:1 111 
baeie) in mineral mixture 

Rumen pH 6.5B.:!: 0.04 6. 51.:!: 0.02 6.42.:!: 0.04 6. SO.:!: 0.03 
a b c c 

C. aolubllity(") 43.02.:!: 2.94 38.55.:!: 2.63 30.42.:!: 0.B1 29.S7.:!: 0.98 

Ce conc en tration 
(mg/100ml) in SRL 11.3D.:!: 0.34 12. SO.:!: 0.26 12. SO.:!: 0.40 12.20.:!: 0.30 

Rumen fluid flow uta 
(Ultraa/hr) 

0.930.:!: 0.050 0.86B.:!: 0.064 0.918.:!: 0.072 0.916.:!: 0.042 

C. disappearance 104.7.:!: 2.2 107.4.:!: 2.6 114.7.:!: 3.6 111.S.:!: 4.2 
through rumen fluid 
(mg/hour) 

Value. in the 8ama line with different superscripta a,b and c, differ. 
8ignificantly at (PLO.os). 

f_ 
value 

0.04 

6. !i6f' 

1.90 

0.87 

1.62 



CHAPTER-V 

INflUENCE Of CERTAIN CALCIUM AND PHOSPHORUS 
SUPPLEI'IENTS ON NUTRIENT UTlLISATlOIi AND 
GROWTH IN RUI'IINAIITS 



[vidence. ougg •• ted that differant aDurc.s of 

eineral suppleeante were not aieUer in their atfech on 

nutrient utili •• tion by snieal •• 

Soft phOeph.t. with collodiel clay w .. found 

te uINce the r .. d intake, reed gain e"ichncy end blood 

P lavals (PlUlllee .u .11., 1958). Gerken end f'ontanot (1967) 

coellared dOloeUe Ueaetene and I'IgII ea eourea of I'Ig to aheep. , 

They found that 1'19 suppleeentation by dOloeit. Ueeatone I~ 
d.pras .. d carbohydrate digestibility and .arua 1'19 value I 
thenl'lgll.. louchard and Conrad (1973) found that on 

f .. ding agricultural grade gyp aue .. C. suppleeant, tha". 

ws. dacreese in read intaka. Witt and Owana (1981) 

reported th.t P froe defluorinstad rock phoephate ia not 

aD eolubl., and 18ee available to rueinanta •• coe"erad 

to other aDurca. of phoephorua like dicalciUII "hosp".te 

or eodiUII phosphate. Gohl (1981) nea ou,,, .. hd that ferti­

User grade superphosphate can be ueed e •• ineral .. pple-

, .. nt i' no other aourca of P i8 available. 

In the pr ..... t e.perill.nt, two alhmative 

loureaa of eineral au"pleeant - rock phoaphate and aupar­

phosphate have bean taken and effort. are lIada te avaluats 

the1r u.a •• Ca and P supple •• nh in the lIineral eixtuue 

in growlng croeabred calve.. Oiealeium "hosphate wse eho.sn 



••• conv.ntion.l aourc. of Ca and P ..... pl •• nt. C.rt.in 

report •• u9guted that incluaion of Ch.leting agant in 

.in.rel .ixtu~., i.pJ:Ov.d the utiU .. bili ty of certain 

trace .1 •• n~11k. In (Darviah and Kratz.'" 1165). Since ~ 

tDTA ia good cholating .gant fa .. C., in on. or the 

.xp.ri •• ntal beataant groupe tDTA W88 f.d in conjunction 

with dic.lei ... phoaph.t. and the influ.nc. on gJ:Owth and 

lIin.ral ut11i e.Uon v •• reco .. d.d. Wi th • viaw to COllll .... 

the influ.nce at the sou .. ces or C. end P "'ppl ••• nt8, 

in di frerant treata.nt group a all tha nutri.nt •• upply 

including C. end P v •• k.pt sillil.1' in .ach c.... A g .. ovth 

trial on 16 .ni •• l. divided into 4 III'0uP. of 4 ani.al. 

each vaa dona fo .. a ,I.dod of 16 ..... k. duution. In Ol'del' 

to ••• ut11i •• tlon of nutri.nts and balanc. ot C., P .nd 

other IIln ... ale frail th .... in8l'81 .txtu .... , ••• t.Do11_ 

td.l of aix daya duration ...... lso don. at the ta ... ins­

tion at thia experi •• nt. 

5.1 MATERIAL!! AND IIPHRDS 

1.1.1 EI.,Ei.,nto! en1.,l. end their I"'P-ID' 

Sixtean croaab ... d (Karan Fria.) •• la calv •• 

of 4-6 .onthe of ag. and ... eighing ebout 69-70 kg ... re 

taken troe the Inati tuta h.l'd. Th ... celv •• wera randoely 
ne, 

divid.d into four groupe,1 to IV (Tabl. 5.1)1n R!! .aign. 

Hoy,lng,_ Wall ventnat.d cone ret. floored calf p.n. 

weI'. uud to hou.e the exp.d •• ntel ani •• lI. Th. location 

at the c.lf p.na ....... auch th.t it p .... itted ... y .cc ••• 
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T.bla 5.1 Inithl body wt and ege of axpad.antal 
eni •• 1e in different tr •• blent IlroUP. 

S.No. ani ... l No. Inithl body wt. Dat. or 
(kg) birth 

Grpup-l 

1 • Kr·4603 69 10.5.85 

2. Kr-4608 50 14.5.85 

3. Kr-4628 57 2.8.85 

4. Kr-4539 53 19.9.85 

Grgup.! I 

5. K~-4616 50 29.6.81 

6. I<f-4623 58 23.7.85 

7. Kf-4642 70 5.10.85 

8. Kf-4647 51 21.10.85 

Gmup.III 

9. I<r-46oo 59 1.4.85 

10. "F-4606 53 8.5.85 

11. I<F-4632 55 15.8.85 

12. I<r-4643 60 10.10.85 

[iERW9-IV 

13. KF-4501 57 1.4.85 

14. I<F-4602 57 5.4.85 

15. Kr-4521 50 22.7.'5 

16. I<f-4646 60 19.10.85 
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to "'1'I-.lIin •• o.t 0' the dey. They weu .ufficiently 

1arg. for the ••• y .ov_ent 0' the anl •• l.. The walla 

0' the pans war. p1a.tic p.int.d p.riodic.lly to avoid 

•• tr •• 1n.r.l ..... ply by licking. 

c.t. 9' ,01 •• 1 •• _ Clean and healthy environ •• nt .... 

provid.d '01' the animals. Th. ani •• l. ware ti.d indi­

vidUally. Aftn tiell'lg thair lIouth, the ana.la we". 
w •• had deily with cl.an wat.r and giv.n ••• rci .. in tha 

op.n eun_.hine for 1 hour. The eni.de ware dUly 

protectad 'rDe cold .tra .. dUrlng the winter. Dudng 

the night tiM ";'01. of the calf sh.d we_ ancloead with 

hrpolena ahaata. "'ora the .tart 0' the .xper1_nt 

tha ani.al .... 1'. de"" .... d with full COU1'8e of .P.n.cu ... •• 

Cl.an tap weter .. e. provided '1' •• cholce, twice daily in 

plastic buck.t.. r •• d was of'.r.d In pl •• tic tube. 

5.1.2 Expefi.lOt.l ,.,ding 

pr.'F.tig9 P' lIineFel e',tuU"- Foul' ~".rent .1n.l'al 

.lxtu .... w .... '01'llulated ualn, co ••• rcial lI"ade dicalc1ua 

.. hosph.te, IllIeaord. rock .. ho ... hata and fertiliser llrade 

au".rphoaphat. a. Ca and P BOure •• , and added 11'1 the 

concentrate oe groul¥jI, III and IV .... p.ctivaly(t.bl. 5.2). f 
In group II, dicale1u. phoeph.t ..... uaad in .1.11er way 

.e group I but 1n additlon EDTA wa •• 1 •• d at the rat. of 

0.1" wI" in the final concentrate .btu.... Th. aupply 0' 
othar .In.ral d •• ants ........ t by addi tlon of pure •• 1 t. 

(table 5.'1. Iy u.ing .p"ro"riat. quanti ti •• ba •• d on 1 t. 



Table 5.2 Ca and 9 supply tro. dittau"t .ineral 
supplemante used In puparation at 
axparl.ental minaral mixtur •• 

Group. 1'I1neral supple.ent C. supply 
1/100 kg 

P supply 
9/100 kg source u.ed 

cone. cone. 
mixture mixture 

1 664 418 Dlcalclu. phosphate 
( control) 1.65 kg,chalk powder 

11 

111 

IV 

0.330 kg + trace 
mineral mlxture-

-do- + EDTA(O.l~) In 664 
concentrate mix tul'S 

l'Iuaaorrie rock phoephata 664 
2.65 kg + sodiu. phoe-
phate 0.8 k, + trac. 
min. rel mix tu ..... 

Supar phoephate 3.838kg, 662 
+ sodi ... phoephat. O.56kg 
+ trace mineral mix tu r" 

In addition to the Ca/P aou,ce u •• d, the 
'alloYing ingudienta were ua.d "ar 100 kg 
of concentrate mix tura tor the "reparaUon 
of complete 81ne.al mixture. &odium 
chloride 900 g; l'Iagneaium carbonate 90g; 
farroua sulphate 1.691 coppe. aul"hate 2.19; 
potasaiU8 Iodide 0.3g and zinc 8ulphate 7.5g 

478 

478 

471 



co.poaition, diff.rant C. end P eourc ...... re IIlanded in 

aineral .ixture eo •• to _ply ...... ount of C. and P 

p.r 100 kg of the concant .... t •• btur. in all the group •• 

Rovi.lx w ••• dd.d in appropriate quantlti •• (4.1.2) to 

.eet the req6r .. ent. of vlt .. ln A and O. 

Tabla 5.3 COllpo.l tion of cone .... tret •• 1x tu "8 

Ingredi.nt. Proportions CP(lC) TIlIt( ~) 

".lz. 45 5.00 4O.DO 

G N C 32 14.40 22.40 

U.bran 20 2.00 9.80 

"In •• ix. 3.00 - -

Total 100 21.40 72.00 

pE •• r,tion 9t coneentrat •• ixtur •• S- The concentrate 

.btura was preparad by .1xing eppro,l.'iatl quantitiea 

of .dz., glIOund cak. and whaat bran (t.bla 5.3). 

Theaa ingredi.nt. alongwl th diffa1'8nt .1n ..... l .btu .... 

ware .1 xed on • pl •• Uc ah.et, l.id do", on the flool', 

eo •• to avol d any 1088 of .inarel .1xtul'8 ua.d In the 

concentrate .1xtu..... The value. of CP and TON we .... taken 

from ICAR lulletin No.25 - K.C.5en and S.C.R.y (1978). 

Tha ... pl .. of concentr.t •• btur •• pr.,ered ware 

analy.ad for it. proxi.ate principle. frail tl •• to ti ••• 

Th. co.poaltion of concentl'at •• btur •• in foul' group • 
... .:r~" 
w!!! a •• entiall y the ..... axcept that 1 t differacl in 

different alnal'al .1xtuu. ua.d in the raepactiv. glIOupa. 
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r"ding Icb'dY1.s- NftC r •• dlng standards (1918) wer. 

followed in p ... paring the feeding .ch.lill. (tabl. 5.4). 

Th. calvee ...... orrered concentrate .ixture inth. 

morning at 9.00 API, end green fodder maiza .t 2.00 '". 
Table 5.4 r •• ding echalill. of eni.al. 

ilOdr w.ight concentrate 1:1:'"" .aI z• (kgl 
kg) otf .... d r .... h lI .. i. iiiIi lIaeI. (kg) 

50 0.8 4.0 0.8 

60 1.0 5.0 1.0 

10 1.2 5.0 1.0 

80 1.4 6.0 1.2 

'0 1.5 7.0 1.4 

100 1.6 8.0 1.6 

110 1.1 8.5 1.7 

120 1.8 9.0 1.8 

130 1.8 10.0 2.0 

140 1.8 11.0 2.2 

Roughag. to concentrate r.tio w88 k.pt e. 111 

5.1.3 Ex.,ri.,ntel PEQFldY'" 

R'SArding pC bpdy Height. IDd t ••• int.k'l_ .rtal' allowing 

an adaptation period of 2 w.ek8 tha experimantal c.lv .. 

... ra .wi tah.d over to axperi.ant.l study. lady ... ight 

.... recorded at the .ta .. t ot the axparim.nt end th ..... 

• fter at .... kly inte .. val.. Th.ir requi ..... nt. fo .. 
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concant .. at8 and g .... n fodder w .... IIerlodically changed 

.. ,I.r body wt gain • .The calva. were f.d lndividually 

w.lghed quantity of concentrate a1lctun and green fodder 

.. per the 8ch.dule glven ln table 5.4 and 'eed .... ldu. 

1 f any w .... collac ted and welghed to calcul.te the dell y 

dry •• tt.r intake. Dry •• tter content of the reede end 

fodders w .... analysad at weekly intervale. 

Q,t're'n,t'p" 9' grew*" t.t,(b vA1u.) J- The growth rete 

was calculat.d by ragr.eaion analyais of the cUBulativ. 

welght gain. during the 16 weeke p.riod .a 'b' valu., .. 

shown below: 

b value 
(kg/weak) • 

£xy - 'I 
£.2 -

• 'X n. 

( (5)2 
n 

growth perlod on different t .... b .. nt groupa, a •• tabollc 

trial of 7 dayS coll.ction period was conduct.d on all 

the sixteen calve. in the metabolic shad. The calv.a 

wa ... properly hame.sed and giv .... two daya .daptatlon 

pe .. iod bafore the actuel .... pllng of hads, f.ac". and 

urine waS mad •• 

'911'5t190 9' C.ad. "'5" end urine '.918.:- Sempl •• of 

'eed offered and u.idua lett, if any, were takan .ach 

morning for dry .. atter and cheoo1cal analyais. The quantity 

of faaces and urine void.d by individual .nillal were 

recordad avery .. orning (24 hI' collection) tor 7 daye, and 

representative .""'plea were drawn for further analyais. 
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Aliguotiog th, f •• el' .od yrina:_ for the purpose of 

analysis of proximate principl.s and nitrcgen. 1/100th 

sliquots of 'aeces ",are taken separately.. For mineral 

analyds, the faeces samples were dried daily at 1000C 

in ho t a1 r oven. Fo r n1 trage". however, wat 'aec es f9j';., 

individual calves ware preserved with 25% H2SO 4 in 8 

pre-weighed plastic bottles. After 7 day. of collection, 

the contents ware weighed, mixed thoroughly end about 

10g eccurately weighed meterial was taken in a Kjald8al' s 

method. 

Similarly with urine also an aliquot of 

",00th size of total urine voided by individual animal. 

was taken separately daily and pooled for 7 day. in 

Kjeldhel'. flask containing 50 ml of concentrated H2 !i1 4• 

The ni trog.n astimation was dona .. u8ual aftar the 

pooled salllples were digested. 

An,lytical PEQs.dur,a:- Samples of feed and faeces ware 

analysed for proximate principla. - Dry .etter, total aah, 

acid insoluble ash (AlA) and ni trcgen content ee dascribed 

by AOAC (1970). Acid datergent fibre (AOr) was .etimeted 

in all the samples 88 per the .. ethod desc 1'1 b8 d by eo. ring 

and VanSoe.t (1970). 

l'Iinl[.l81- l'Iineral content and balance. ware studied ot '( 

'.ed., faeces and urine samples. The di rrarant mineral 

d .... nt. included Ca, P and 1'19 a ... ajor mineral a and r., 
"n, Zn and Cu as trece elements. The sample. v.~. dry 

s.hed at 550,;!: 100 C in • muffle furnace and acid ax tract 
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for the estimation of .ineral. was prepared as describ.d 

in 3.1.1.3. The represantative pooled .... pl •• of urine 

were evaporated to dryneas in a boiling waterbath end than 

dry ashed and processed by eimilar method for estimation 

of dl ffarant .ine rel element.. 

Ca in the above samples 10188 .etillated by preci­

pitation method as per lSI (1975) and P waa dst.mined 

by the method using hYdroquinone{AOAC A'975). The 

analytical procedUres have been described et 3.1.1.2. 

Essenthl mineral ele.ent. other than C. and P 

like I'Ig, Fe. I'In. Zn and Cu were •• timated in the sampl •• 

with the help of Atollic Absorption Spectrophotometer, .. 

by the method described in 3.1.1.1. 
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5.2 RESUL TS 

5.2.1 Composition of f.eds 

5.2.1.1 Organic nutri.nt cgmpositign of r,.ds 

The organic nutrient composition of feeding 

stuffs, 1 •••• concentrates red to different groups and 

green mal ze offered as Sale rougha98 source is given in 

tabla 5.5. It was evident that the composition of the 

concentrate mixtures 1n the four treatment groups were 

essentially similar. The concentrate mixtures differed 

only in their mineral mixtures prepared with different 

sources of Ce and P. This was the reason why the total 

ash content in the four concentrate mixtures was 

diffarent. Only groups I and II wara similer because 

Ca and P source was the a .... e in these two groups. The 

crude protein content varied from 22.35 to 24.10% and AOr 

content from 11.13 to 12.10%. 

5.2.1.2 Mineral compQsition 

Mineral composition of the four concentrate 

mixtures used In the eXPeriment a~'~ presented In table 5.6. 

It 10188 evidant that the mineral ingredient. in the concen­

trate mixture waS so adjusted that the mineral content of 

different concentrates fed to calves were not different. 

Thu8 the Ca content ranged from 1.02-1.09%. P content 

ranged from 1.11 to 1.16% and Mg content ranged from 0.087 
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Table 5.5 Organic nutrient composition (percent 01'1 besis) of different 
concentrate mixtures and green fodder 

OM 01'1 Cp "OF Ash 

Cgncontrat. 

Group I 93.00 92.49 23.53 11.96 7.51 

Group I I 93.04 92.47 22.82 11.13 7.53 

Group II I 92.87 89.82 22.35 11.28 10.18 

Group I V 92.95 90.22 24.10 12.10 9.78 

Rou9hage 

Green maize 23.00 89.04 9.39 39.67 10.96 
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Table 5.6 Mineral composition of experimental concentrate mixtures 
and green 118ize 

oncsntrate Ce/P source Total AlA Ca P 1'19 fe I'In Zn Cu Co 
used In mineral A ---------(j OM basis)--------- ----------(ppm)-------mixture .h .f,.. l"", 

iroup 1 

_roup 11 

;roup III 

iroup IV 

01calciull 7.51 0.79 1.07 1.12 0.09 640 69 91 
phosphate 

-do- • EOTA 7.53 0.77 1.09 1.11 0.09 620 67 91 

Rock Phosphate 10.18 1.09 1.05 1.16 0.09 820 72 93 

Supe rpho sphete 9.78 0.93 1.02 1.13 0.09 530 92 90 

Green maize 10.96 3.86 0.77 0.42 0.32 330 42 35 

The figures arB average of two determinations in case of concentrate 
mixturs;and average of four samples In case of green maize 

29 26 

28 23 

27 21 

32 22 

9 
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to 0.08'''. How.ver, r. content waa highest in group II I 

(820 ppe) in comparison to the loweat value (530 ppm) in 

group IV. Although I'In content differ .... '. in di fferent 

groups, the concentration of In, Ca and Co ",.ra essentially 

similar. 

5.2.2 Pry matteE intaka, nutrient ut111.,ti9" 
aD d N_b.l ens la 

The meeD values of dry lIIatter intake, nutrient 

digastibility and N balances of calvas of the four treat­

ment groups have bean prssented in tables 5.7 and 5.8. 

5.2.2.1 Dry Igtter intake 

The daily dry matter consumption of calves in 

groups I to U were 3.520.:t 0.14, 2.747.:t 0.13, 3.171.:t 0.18 

and 2.848.:t 0.24 kg respectively. figuree for dry matter 

intake per 100 kg body .. eight ware 3.59.:t 0.07, 3.58.:t 0.06, 

3.36.:t 0.11 and 3.52.:t 0.16 kg in the respective groupe. 

The figures suggested that the rations ware acceptable to 

the animals and thare was no significant different (p } 0.05) 

in the four treataent groups. 

5.2.2.2 Dip,atibility sp.ffici,nt 9f prganic Qutrients: 

The digestibility coefficients of 01'1, CP and 

AOf ware determined and have been presented in table 5.7. 
". \ ,'. ,~ 

Its values in the four groups ware 70.65.:t 1.11, 74.03.:t 2.15, 

71.07 + 2.32 and 71.54+ 2.65% respectively for 01'1; - -
72.01.:t 0.75, 70.85.:t 3.76, 72.78.:t 1.21 and 76.82.:t 2.16% 

respectively for C.P. and 63.31:; 1.39,63.34:; 3.79, 
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Table 1.7 Daily Il'I intake and nutrient utilisation by calvas in 
di ffarant group a 

Groups 

I II III IV 

,. Oll.h !!! iDtl~.(~g) 
Concentrate 1.520.± 0.14 1.356,t 0.13 1.449.± 0.16 1.356.± 0.21 

Roughage 2.000.± 0.19 1.391.± 0.12 1.722.± O.OB 1.491.± 0.17 

Totsl 3.520 2.747 3.171 2.B48 

lM intake per 3.59 + 0.07 
100kg body ",t(kg) -

3. 5B.± 0.06 3.36% 0.11 3. 52,:!; 0.16 

·!jlldlln~ 
i. -'!i gastibilitv( $) 

Dry mat tar 70.65,:!; 1.11 74.03,:!; 2.15 71.07+_ 2.32 71.54,:!; 2.65 

Crude protein 72.01,:!; 0.75 70.B5,:!; 3.76 72.7B,:!; 1.21 76.B2,:!; 2.16 

Acid Oeter- 63.31,± 1.39 63.34;!: 3.79 62.69,:!; 3.34 60.00,:!; 3.02 
gent Fibre 

C.OCP intake 397,:!; 40 
(g/head/ daY) 

312,:!;1B 358,:!; 34 371 % 31 

F-valu .. 

1. n N 
S 

NS 
3.13 

O.374
NS 

0.43 
NS 

0.5B
NS 

0.36
NS 

1.07
NS 
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Table 5.S N-balanc&8 of calves in different groups(g/head/day) 

GrQ~UJ>~" 1-- - - ~ n- In ~---n 

Intake 

Roughage 30.8 21.0 26.7 23.1 

Concentrate 57.2 <19.5 51.S 53.7 

Total 8S.0,t 8.2 70.6,t 1.9 78.5,t 6.3 76.S,t 5.7 

0.!Wl2 

f" aecal 24.5,t 1.7 24.S,t 2.3 21.1.:t 1.4 17.5,t 1.8 

Urinary 21.4,.! 2.1 24.S,t 2.2 23.3,t 1.2 2S.2,t 2.3 

liIalance +42.1 J:: 5.64 +22.3.:t 5.80 +34.0,:t 9.8 +34.0,t 9.9 

f" -value 

-
1.4S

NS 

2.16
NS 

1. 56N S 

1.59
NS 
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62.69.1 3.34 and 60.00.13.02% respectively for "'Of. These 

values of digestible Coefficients for 01'1, CP and AOf did 

no t shou any significant di Herance in the experimental 

treatments. 

The DCI' intake by calves in the four r •• pective 

groups being 397.140, 312.118, 356.134 and 371.1 31 g/h.ad{ 

day, shoued similar trend .s the OM intake (table 5.7), and 

were not significantly different (p 0.05). 

5.2.2.3 Nitrp9BD balMc, 

The N balances of' calves fed rations containing 

different mineral mixtures according to respective treat­

ments ranged from + 42.1.;t 5.64, + 22.3j: 5.80, + 34.0,t 9.8 

and'" 34.0.19.9 g/head/daY and uere positive in each case 

suggesting that they could support growth (table 5.6). 

These values for N intake and N balance did not differ 

eignificantly (P>!0.05). Data of faecal outgo and urinary 

outgo have a1 so been presented in the table which a1 so ",ere 

statistically similar. Although N-balances in group II, 

III and IV were showing lower values in comparison to control, 

but did not differ Significantly due to large variation 

wi thin groups as shown by standard error. However, on 

perusal of the N-balance values of group 1 and group II t 

it seems.d ~w,i,c;I~nt that the ValuBs may be non-significantly 

only at marginal levels and had tandency to a~tain signi­

ficantly different lavels. 

, 
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5.2.3 Calcium end PhQ8pb.rus b,looGe. 

The mean Ca balances in the respective group. 

(tsble 5.9) ..,au 15.54,:t 1.78, 15.01,:t 1.12, 12.65,:t 1.28 

and 13.41j; 0.96 g!hsad!day, again at the mean intake of 

31.78,:t 2.16, 25. 58,! 1.36, 28.49,! 1.96 and 25.41,± 1.25 

9!hssd!day. Likewise the avsrsg. P bslance in ths four 

groups ware 8.12.;:t 0.55, 7.45.:t: 0.42, 7.21.,t 0.61 and 

6.24,:t 0.72 g/head/day against the mean intake of 26.82.± 0.82, 

21.86,± 0.73, 25.25,:t 0.66 and 22.64,:t 0.96 g/head/daY. It 

was evident that both Ca and P were positive in each ca8' 

and did not differ significsntly for ~J'tJ;'e expeduntsl </ 

treatments. However, the figure ror [8 balance in 

group II and IV tendsd to be non-significantly different 

only at marginal levels a8 compared to other groups. 

5.2.4 8199d C. and P l'y,l. 

Ths mean blood Ca and P levels of calves under 

different groups dsterminsd for thres consecutive months 

dUring ths period of growth trial are presentsd in tebla 

5.10. It was evident that the values were normal in each 

case and nona of' the treatment4renderad the serum Ca and 

P levels below normal levels. Neithar ths monthly averag8 

vslues nor overell meana for treatments differed signifi­

cantly auggesting that there WsB no condition of hypocal­

caemia or hypophosphataemia. 

5.2.5 

The utilisation of other m1nerals, i.e., Mg, fa, 

Zn, fIIn and Cu are presented 1n tables 5.11 to 5.15 respec-
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Table 5.9 Oaily intake and balance of Ca and P of animals 1n different 
groups (g!head!day) 

1:1'.OJ.l08 1 II III IV f-valul 
(OCP) {EOTA} {Rock Dhoa} {SUDe""ho_J,.l ____ _ 

:ALCIUPI 

:ntak. 

loughage 

:oncentrat. 

rotal 

lutgo 

".scal 
'rinary 

:a-balance 

IH05PHORU5 

.ntake 
lougheg_ 

:oncentrate 
rotal 

lutgo 

'aacal 

lrinary 

I-bal.nce 

15.52;t 1.06 

16.26;t 0.91 

31.78;t 2.86 

15.74;t 0.82 

0.50;t 0.12 

+15.54;t1.78 

9.80;t 0.96 
17.02;t 0.78 

26.82;t 0.82 

13.89;t 1.67 

4.94;t 1.01 

+B.12.:!; 0.55 

10.80;t 0.92 

14.78;t 0.79 

25.58J: 1.36 

10.24;t 1.21 

0.33.:!; 0.08 

+15.01.:!; 1.12 

6 .82.:!:. 0.87 

15.05.:!:. 0.58 

21.86.1 0.73 

11.06.:!:. 1.13 

3.35.:!; 0.86 

+7.45;t 0.42 

1S •• ;t 0.93 11.S7;t 0.75 2.96
N5 

15.21;t 0.82 13.84;t 0.52 1.39 
NS 

28.49;t 1.96 25.41.:!; 1.25 1. SSNS 

15.43;t 1.16 11.68.:!; 0.26 3.36
N5 

N5 
0.36;t 0.09 0.34.:!; 0.10 0.82 

N' 
+12.65;t 1.28 +13.41;t 0.96 0.148 • 

8.44.:!:.0.72 7. 3~.:!:. 0.86 1.45
NS 

16.80.1 0.52 15.34.1 0.32 1.12
NS 

25.25.1 0.66 22.64;t 0.96 0.76
N5 

15.03;t 0.97 13.36;!1.06 1.76
N5 

NS 
3.01.:!; 0.82 3.04.:!; 0.93 0.56 

N5 
+7.21.:!; 0.61 +6.24.:!; 0.72 0.94 
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Tabla 1.10 Serum Ca and P lavals (m9/100 ml) of calvas in different 
treatment. 

GESlYIHI f-value 
1 11 III IV 

( Control) (EOTA) (Rock phos) (Superphoa) 

Serum Calcium 

1st month !I.75,:!: 0.36 10.0,:!: 0.46 B. SO,:!: 0.62 B.75,:!: 0.35 2.25
NS 

2nd month 9.BB,:!: 0.2B 10.BB,:!: 0.49 9.25,:!: 0.52 9.88,:!: 0.42 2.06
NS 

3rd month 10.38,:!: 0.45 11.63,:!: 0.60 10.0,:!: 0.55 10.75,:!: 0.52 0.5B
NS 

1'1 aan 10.0,:!: 0.41 11.0B,:!: 0.56 9.25,:!: 0.56 9.79,:!: 0.46 1.43
NS 

SIEum ab'UiRhgEWI 

1st month B.14,:!: 0.12 7 .74,:!: 0.16 B.37,:!:0.17 9.29,:!: 0.16 2.B6
NS 

2nd month B.14,:!: 0.16 B.B5,:!: 0.15 B.37.:1: 0.13 B.55.:!: 0.47 2.41
NS 

3rd month 8.71,:!: 0.22 B.49,:!: O.OB B.26,:!: 0.12 B.54.:!: 0.42 1.20
HS 

l'Iean B.33,:!: 0.13 B.36,:!: 0.12 B.33.:1: 0.15 B.BO,:!: 0.36 1.52
NS 
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Table 5.11 Daily intake and balances of Pig of animals in different 
group. (g/he a d/ dey) 

I 
GrouRI 

II III lW 
(Control) (EDTA) (Rock phos) (Supe rpho s) 

Intak. 

Roughage 6.300 4.382 5.424 4.696 

Concentrate 1.338 1.193 1.275 1.194 

Total 7.638,t 0.142 5.574,t 0.136 6.699,t 0.103 5.890,t 0.163 

£!!.!sm 

faecal 5.94B,t 0.00 3.938,t 0.072 S.029,t 0.129 4.931,t 0.132 

Urinary O. 32S,t 0.052 0.31S,t 0.036 0.329;t 0.060 0.243,t 0.037 

a a a b 
a.lanee +1.36S;t 0.072 +1.321.± 0.068 +1.341,t 0.051 +0.716.± 0.094 

Percent 22.12 29.35 24.92 16.28 
absorbed 

Ualue. with different 8upaucdpta a,b differ 81gnHicantlY(PZO.05) 

f -value 

-
1.66

NS 

1.3S
N5 

0.83
NS 

4. 56~' 

- :~ 
Iv 
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Table 5.12 Daily intaka and balances of f. of animals in 
differsnt groups (g/head/dey) 

_ __ _ _ JirOlUiL- __ 
1 If---~----rrr~- IV 

(Control) (EOTA) (RoCk phos) (Superphoa) 

Intake 

Roughege 0.660 0.459 0.568 0.492 

Concentrate 0.972 0.840 1.188 0.719 

Total 1 .6 32~ 0.098 1.299~ 0.072 1.756~0.069 ,.2".;t 0.,,6 

O.l!!.!l!l 

faecal 0.955.1 0.061 0.521.1 0.102 0.960.1 0.112 0.777.1 0.068 

Urinary 0.007 0.006 0.006 0.005 

ialances +0. 67 o a.:!: 0.052 +0.772a.:!: 0.066 +O.790 8 .t 0.043 +0.4Z9b~ 0.055 

Percent 41.48 59.89 45.33 35.83 absorbed 

r-ualuS 

1.zl
S 

2.33
NS 

3.86-

~ 

Values with diffarent suparscripts, a, b, differ significantly (PLO.05) 
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Table 5.13 Daily intake and balances of Zn of animals in different 
groups (lOg/head/day) 

__ Jlr.oYtta r-·- --n-- 111 IV 
(Control) (£OTA) (Rock phos) (Superphoe) 

70.00 48.68 60.27 52.18 

Cone en trate 138.32 123.39 134.7S 122.13 

Total 208.32.:!: 8.23 127.07.:!: 6.22 195.03.:!: 5.06 174.31.:!: 3.47 

Out.Q2 

faecal 39.07.:!: 0.56 33.32,;!; 0.99 36.36,;!; 0.76 28.79+ 0.67 -
Urinary 3.97 6.76 9.27 3.51 

lalances +165.28.± 5.23 .132.00,;!; 4.13 +149.39.:!: 3.46 .142.08.:!: 2.39 

I/.(~,;-, 
.,:(--' ~ . i· 

f-valua 

0.095
NS 

0.68 
NS 

_k 

1.98
NS 
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Table 5.14 Daily intake and balances of I'In of animals in 
different groups ~mg/haad/day) 

i 
Grgyyr 

III IV 
(Control) ( EDTII) (Rock phoe) ( Supe rpho.) 

Intake 

Roughag. 84.00 58.42 72.32 62.62 

Cone en tra ts 104.88 90.85 104.33 124.84 

Total 188.88~ 6.88 149.2'1~5.46 176.65~ 3.26 187 .46~ 4.64 

Ou t\!2 

raecal 62.14~ 2.32 47 .10~ 1.56 56 .22~ 1.96 62.74~1.89 

Urinary 0.37 ~ 0.07 0.32~ 0.16 0.44~ 0.09 0.33~ 0.11 

liIalances +126.37~ 2.32 +101.94,t 4.01 +119.99~ 1.98 +129.39~ 2.11 

r-c.-.> ~h 

F-value 

-
1.76

NS 

1.32
NS 

0.04
NS 

1.83
NS 
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Table 5.15 Daily intake and balance of Cu of animals under different 
groups (mg/head/day) 

. _ _ _______ GrDuos 
-I _. --II III IV f-valu8 

(Control) (EDTA) (Rock pho •• ) '(Superphos) 

Intake 

Roughage 18.00 12.52 15.50 13.42 

Concentrate 44.08 37.97 39.12 43.42 -
Total 62.08,! 1.32 50.49,t 1.76 54.62,t 1.26 56.84,! 1.49 2 .13N S 

faacal outgo 25.13,! 1.98 15.32,! 2.78 16.75,! 2.56 22.59,! 1.85 2.96
NS 

Urinary outgo 2.59,t 0.56 2.17,! 0.23 1.78,! 0.32 1. 35,! 0.46 2.86
NS 

.elanca +34.36.± 3.68 +33.00,! 2.62 +36.IIll£ t.oa +31.55.± 2.90 1. 76 N S 

i~ c....~., " 
V %'-t-~~-- t'\~ 
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tively. In case of Mg the balances in the four groups 

loIue 1.365.t 0.072, 1.321.t 0.068, 1.341.t 0.051 and 

O.716 .t 0.094 g/head/day respectively against the total 

intake thorough concentrate and green fodder in the range 

of ?64.t 0.14, 5.5?.t 0.136, 6.70.:!: 0.103 and 5.89.:!: 0.16 

g/head/day respectively. The dailY intake of Mg although 

IoISS low in group II and IV, ~!:,~re"not sign1ficant and 

thus resul ted in similar values for I'Ig balances in 

group I, II and III and significantly lower in group IV. 

In case of r., animals in different groups exhibi~.d • 

daily balance of 0.670.:!: 0.052, 0.772.:!: 0.066, 0.790.:!: 0.043 

end 0.429.:!: 0.055 g/heed/dey respectively again.t the "'en 

intake of 1.632.:!: 0.098, 1.299.:!: 0.072, 1.756.:!: 0.069 end 

1.211.t 0.116 g/head/day. The r. balance. were stat1a­

tically sim11ar in group I, II and III .. spectively, but 

was significantly low in group IV, as elso reflected by 

lower intake in this group. The daily intake., raecal 

)I 

f 

and urinary outgo, and balances of Zn, Pin and I:u in the 

calves in different treatment groups showed no significant 

difference. as shown in tabl.s 5.13, 5.14 end 5.15. The 

balances .. sre 165.:!: 5.23, 132.:!: 4.13, 149.:!: 3.46 and 142.:!: 2.39 

mg/head/day for Zn; 126.:!: 2.32, 102.:!: 4.01, 120.:!: 1.98 and 

124.:!: 2.11 mg/h.ed/deY for Mn, and 34.36.:!: 3.68, 33.0.:!: 2.62, 

36.09.:!: 1.62 and 31.55.:!: 2.90 mg/he.d/day for Cu respectively. 

The balances were positive in each cass. 
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5.2.6 Grp!Jth E@t, and 'e,d Ggny.rsipD ,"'cieaeY pf 
caly., fed different mio'r,l mixtura, 

5.2.6.' Gmwth £6t,:_ Average body ,",eight of cal v.s for the 

period under study are aho .... in tabla 5.16. The gro ... th rata 

was calculated by regression analysis of the cumulative 

weight geins during the 16 .... eks period of 'b' values which 

are aho .... in table 5.16. The' b' Values in groups I to I V 

... era 3.1B,:!; 0.37, 2.1B,:!; 0.24, 2.B3,:!; 0.34 and 2.39,:!; 0.31 kg/week 

respectively. The aVerage daily gains in the four groups 

were 451,:!; 44, 323,:!; 27, 403,:!; 34 and 349,:!; 13 g/haad/day 

respectively. The relative pattern of gro ... th under the 

4 experimental treatments or feeding have been sholll in 

table 5.17 and fig.S.1. As evident from fig.S.1, the gro ... th 

rate of calves waa lowest in group II end highast in group I. 

However. the statistical differences were not significant 

(p)- 0.05). 

5.2.6.2 [ead cgoy'rsipD ratio:- It is seen from table 5.16, 
.... 'lr 

the body ... eight gained/per kg of reed consumed in groups I 

to IV were 156,:!; 6.B, 116,:!; 6.0, l46,:!; 5.B and 134.1 5.6 g/kg. 

Tha .. values were significantly lower in group II in 

comparison to all other groups, but thare waa no significant 

difference (p,> 0.05) in groups I, III and IV, suggesting 

possible depression in reed conversion efficlancy in EOTA 

supplemented diets. 
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Table 5.16 Growth rate and feed conversion efficiency of calves under 
different treatment groups 

G'Y¥RS 1 1II IV 
(OCP) (EOTA) (Rock phos) (Sups rpho a) 

Initial body wt.(kg) '5/ • 25.1 4.17 57.25.1 4.61 56.75j: 4.53 56 .O.:!: 4.53 

final bOde wt •• ftar 
16 weaks kg) 

107.25.1 9.26 92.25+ 7.S1 101.75+ 4.76 - - 93.75.:!: 3.75 

Meen waight gain (kg) 50.0 35.0 45.0 37.75 

Averags dailY gain (g) 451.:!: 44 323.1 27 403.:!: 34 349.1 13 

Growth rata • b' value 
(kg/wsek) 

3. 1 S.:!: 0.37 2.1S.:!: 0.24 2.S3.1 0.34 2.39.1 0.31 

Gain to feed ratio( g/kg) 156 8 .1 6.8 116b + 6.0 - 146a.:!: 5.8 134ab.:!: 5.6 

~. 

Value with differant superscripts, 8, b, ab, differ significsntly -
at (PLO.05) 

f-
value 

0.03
NS 

1.0S
NS 

-
3.17

NS 

3.20 
NS 

5.38* 
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Table 5.17 Cumulative body ",eights (kg) of calves 
under different treatooent groups 

lieeke I !;i'IUliR I 
II ill fv 

1 58.7 60.0 59.4 57 .6 

2 61.1 62.0 61.9 59.9 

3 63.4 64.0 64.2 62.2 

4 66.0 66.4 66.4 63.6 

5 67.9 68.7 69.5 64.9 

6 71.5 71.4 73.5 67.6 

7 74.5 73.1 74.7 69.4 

8 77.2 74.2 76.4 71.5 

9 80.4 76.5 79.5 74.7 

10 83.9 79.2 83.7 78.5 

11 87.9 81.2 86.1 80.2 

12 91.5 83.6 88.9 81.7 

13 95.2 85.1 92.1 84.7 

14 99.1 87.4 95.4 88.5 

15 103.5 89.6 98.7 91.1 

16 107.2 92.2 101.8 93.8 
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5.3 PI SCU SSION 

5.3.1 CHlqsi "po pC f •• d, 

5.3.1.1 Cbelea! C9lllpo'itioo or f.edA 

laoed upon tha oconning otudies (Chapter III) 

and ruminel studies (Chapter IV). three sourCes of Ca 

and P supplements, viz., dicalcium phosphate,. rock 

phosphat. and superphosphate ""re selected for 

comparative studies on nutrient utilisation and growth 

on crossbred calves fed on a basal diet containing 

concentrate mixture and~roUghage~. Due to certain 

claims (Kratzer and Strarcher. 1963; '011. 1966) that 

chelatad mineral supplements improve minerel utilisa­

tion. anothe~rgrDUjL.DL.~P~T~ waS elso includsd in the 

studies. The chemicel composi tioo of the concentrate 
'" _. __ . 

mixtures used 1n the "v. four treatment groups werB kept 
_,_,0. 

essentially the Same and they differed only in type of 

min aral supplement (table 5.2). As presan t. d in 

table 5.5, the variation in their protein. fibre and 

organic matter contents was kept minimum in the experi­

mental groups. Although the contents of Ca. p and other 

trace mineral were not the same in these materials, but 

their proportions used in the preparation of' minefal 

mixtures ...... so adjusted (toble 5.2) that thoy provided 

similar lsvel of Ca and p. i.e •• 664g Ca and 478g P par 

100 kg 0' concentrate mixture. In group 1I. EOTA waB 
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mixed thoroughly in the concentrate mixture. 0.1% wI ... 
of concentrate mixture (i •••• 1000 ppm). The amount of 

EOTA added in the ration of group 11 waa calculated on 

the basi. of the findinge in Experiment-2. Chapter IV 

so thet the overall concentration of EOTA in the total , , 
diet was 500 ppm under the condi tiona where the 01'1 ratio, 

in concentrate and roughage was maintained a. 1:1. EOTA 

waB found to improve the utili setion of Zn and several 

other trace IIlinerale in 000- ruminants (Darwish and 

Kratzer. 1965; forbe •• 1961) but no advantageous observa­

tions c0ct~ee made in literature for ruminants (Po .... JJ,. <(\ 
Ai &I. •• ~; l'Iille r .J.! .u.., 1968 and Hiers Ai .u. .• 1968). 

5.3.2 Dry matter 'ntaka, nutdent utilisatign 
ADd N_b,l.nc, of calves 

5.3.2.1 Pry matter !at.ke and nytrient utilisation 

As evident from table 5.7. the total daily dry 

matter intake or dry matter intake per 100 kg body ",eight 

did not vary in the respective trsatment groupe. Also 

the digestibility of organic nutrients, 1.e •• 01'1. ADf and 

CP .... r. statistically simil.r. This indicatee that the 

compositional characteristics of rock phosphate or super 

phosphate had no influence whsn ueed a8 Ca/P source on 

intake and utili setion 0 f dietary orgenic nutrients end 

compered to b. similar to dicalc1um phosphate supplemen­

tation group I. 

fisher (1978) compar.d different supplemental 

forme of P such as dicalcium phosphate snd certain pure 



phosphatic compounds like monocalcium phosphate, mono­

ammoniu .. phosphate and monosodium phosphate by including 

them 8S P supplemsnt source in cetUe ration. He found 

that neither dry .. athr intake nor the digastibilitiea 

of dry matter or cruds protein ",ere influenced by various 

chemical forlAS of P. Ho .... ver, the digestibility of acid 

dstergent fibre 'raction "'as rsportsd to be higher on 

using monosodium phosphate as the P sourc •• 

Certain other stUdies "'ere conducted wi th 

com .. arcial grade supplements like gypsum and dolomite 

l1moatona. iouchrad and Conrad (1973) found that on 

including agricul tural grade gypsum in ruminant ration, 

not only there Io/8S depression in reed intake but also 

condi tion of acidosis developed in ani .... ls. Gerken and 

fontanot (1967) included dolomite limestone as commercial 

grade Ca and Mg supplement in ruminant ration. They 

found that on using such supplementa of Ca and Mg, there 

was depression in feed intake and carbohydrate digesti-

bllity. 

In the present investigation, no significant 1,.11'" 
, 

difference 1n feed N intake. faecal or urinary outgo \ , 
caus.d no difference in N-baIanc88 alSO (Table 5.8). I 
However, in cess of EDTA supplemented group II, there waS 

lowered N_intake through roughage than other groups but 

the total N-1ntake wa" not significantly different. 

Probably this might have .. aul ted 1n lowered N-balance 

in this group compared to other groups. The figure ... ere 
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suggestive that they reachad non-significant values only 

aouginally, otherwise they .... re tending to show signi_ 

ficant difference. The findinge, therefore, IIUggested 

that except for group II, other groups compared to be 

almost similar in teres of dry matter intake, digeetibi­

lities of proximate principles and N-balancea. 

5.3. 3 CalciY. ond Pbp_hpFU, utili.,tion 

The Ca and P utilisation from different sources 

of Ca and P supplements by growing cal vee ... ere found to 

be similar in all the 4 groups as the intake, outgo and 

the balance figures .... re statistically not different 

(table 5.9). Studiee presented in earlier Chapter III 

auggested that either in tarao. of composition or 1!!. vitro 

solubili ty in the ruminal buff.r, rock phosphate and 

super phoaphate ware not similar to dicalcium phosphat., 

and therefore when judged on weight for .. eight basis 

they were not similar sources of Ca and P supplementation. 

As presented in Chapter IV also suggested that parti­

cularl y the P di stribution in soluble phase waS lower 

in case of rock phosphate. But such distribution did not 

influence the nat ruminal disappearance rate of Ca and p. 

for reaaons already discussed. Thsre'ore,!D. vivo 

utiliSation of Ca and P from these three sources were also 

essentially similar aa observed in this experiment. This 

wae particularly because the retions were constructed not 

on the basis of weight to w.ight Quantity of the supp18-

ments but the totel Ca and P supply through feed from the 



three different sources wers made similar, which raised 

the quantity of rock phosphete and superphosphate us.d 

(Group II I and 1 V) in comparieon to di •• lc!ulO phosphate 

(Group 1). 

The calcium and P balance. were statistically 

eimilar in EOTA 8uppl ... ""ted group 11 inepi t. of the fact 

thet both Ca intake from roughage and faecal Ca outgo 

values were very much depressed in this group in compari­

son to other groups. 

Many workars have tried to compare tha ~_~ ____ 

bili ty of inorganic mineral element. on using different 

naturally crude and pure chemical sources of certain Ce 

and P supplements. Thus, Ammerman JU.R!.. (1957) compared 

various sources 0 f inorganic phosphorus in steer and lamb 

balance trials. lased on P retention and maintenance of 

\' tlood P level, dicalcium phosphate, calcined defluorinated 

phosphate, bone meal, soft phosphate with collodial clay 

and curaCao island phosphate ware of equal value for 

steers. iut in lambs, soft phosphate and defluorinated 

phosphat. were poorly utilised in comparison to the other 

two sou rees. 

Researchars diffar with respect to thair findinga 

on the use of various sources of Ca and P a8 an alternative 

to dicalcium phosphate. In many instsnces defluorinated 

rock phosphate was found to be inferior to dicalcium 

phoephate (Witt and Owane, 1983); fishwick, 1976). but the 

same has alsO been reported to be of equal value When 

compared to dicalcium phosphate or stealled bone meal 
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(O~Do~"V~~._tt.i!., 1965 and Hemin9:1ay and Fish ... ick. 1975). 

It ia possible that the supplemen\- sources obtained for '" 

investigation differed in compositional quality. The 

findings could also differ because of species differences 

of experimental animals on which the materials wefe tested. 

Superphosphate ... as not found to be a satiafactory 

P supplement for sheep because of its high r content, and 

decreased daily gain and retention of Ca and P compared to 

a standard P supplement (oIIgar ... o1 • .!! .il.., 1971). In the 

Same study, calcination of superphosphate at 6000 C for 

2 hours lo ... ered r content from 23,500 ppm to 1600 ppm. 
; t' , ' 
,f'{' , 

: \ .1 
However, feeding 0 f such treated material of 

,!; ... L 

sup arpho spha t~ 

produced no such effects as mentioned above in Case of 

untreated superphosphate. In the present study, rock 

phosphate and eupsrphosphate used, contained r in the 

range of 1500-2000 ppm and eho .... d statistically aimilar 

balance 0 f Ca and p in the r.'!.~R!",~!ye groups. lIoth the 

alternative sources used here app8ared to satisfy the ta 

and P needs of tha animals. Gohl (1981) had suggested 

that superphosphate can be used 88 P supplement. 1f other 

source of P is not available. 

5.3.4 alqpd C. and P leyels 

Cartain findings suggested that concentration 

of phosphorus in the blood of young animals capable of 

rapid growth fal1,;; rapidly when P intake is inadequate 

(Wise .!! ~., 1961) and also when the p source is poorly 

utilised (Heming ... ay and Hsh ... ick, 1976). Results of the 
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preaent investigation as indicated in table 5.10 revealed 

that serum ta and P levela undor different groups during 

the entire period of experiment were qulte similar and 

differed naither with the treetments nor with the duration 

of a particuler treatment. Ae the animals under different 

groups sho .... d similar ta and P balances (table 5.9), it 

waS evident that both these altemativa supplement source., 

i.e., Plussorrie rock phosphate and fertiliser grade super­

phosphate were able to satisfy tha ta an d P needs of the 

growing animals in the present study suggesting that 

these source. could be good 81 ternative to dicalciuat 

phosphate as ta and P supplement sources. Furthsr, £OTA 

supplementation produced no slgnl ficant advantage In so 

far as the metabolisms of Ca and P are concerned. 

Data presented in table 5.11 revealsd that I'Ig 

balance in group 1 V was signi ficsn tl y 10 ... e8 compared to 

the values in groups I, II and Ill. The lower intake of 

I'Ig in group IV might be one reason, but comparatively 

lower percent absorbtion of I'Ig in this group wae not .:;,<~\ 

clearly understood. Supplementation of £OTA in group II ~. 
4" 

has resulted in an increase of"9 ebaorbtion if cOMpared i4. ....... 

with group I, 11 and Ill. The reason for this increased I 

I'Ig absorption with £OTA supplementation is not clesrly 

understood and needs further investigation. The animals 

maintained positive Mg balances in ell the groups and 

Ii 
" ., 
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j i their requireraenta aeem to have been met from the roughage 

-and concentrate offered. Ilaxtar and McGill (1956), field 

~ At. (1958) have reported that minimum needs of sl'leap and 

cattle for growth Can generally be met by pasture. on 

ratione containing 0.07 to 0.1" Pig on air dry be.is. 

It is evident from table 5.12 that although tl'le 

animals in group IV '""o .... d signiFicant (PiO.05) lower r. 

balance in comparison to control group, the balances ",.re 

• ve in 8ach Case and were sufficient to •• et r. require­

ments of calves. Hansard (1983) presented tl'lat intake of 

100 ppm of r. we. adequate for calves upta 3 monthe of 

age, and requirement was still 18ss for older calves. 

NRC (1978) sUggested x.at 30-40 ppm re in ration may be 

adequate for growing calves. Tl'le balance. sl'lown in 

group I, II and III (table 5.12) are quite high and may 

be because of higher levels of intake in the •• groups. 

Addition of (OTA in group II has incre •• ed the 

re absorbtion by one and a half times. Underwood (1981) 

hes reported th"t organic form of iron i8 better absorbed 

than inorganic form of iron which forms various ch.laba 

in the diet. Cl'lelating agent 11ke ascorbic acid improv.~ 

ita absorbtion, wltUe (OTA inl'libi t the same. roll (1966), . 

rorth and Rummel (1974), HanSard (1983) have shown that 

ferric chelates ~be bett.r utili.ed than ferrouB ..L 'f/ 
sulphate. The reports in relation to the use of cl'lelating 

compound. are contradictory and de;;;;d~n the type of 
! _. 

chelah used S8 well .a dietary condi tiona. In the 'h , 



present study us. of chelating ag.nt, i ••• , EOTA has not 

brought any advantageous affact in terll& of body wt gain 

as discussed later. 

The daily intake of ln, i'ln and Cu by ahimala 

under different tre.tm.,t groups were commensurate with 

the OM intak.. Th.re was no statistical difference in 

t.rms of their aveilability or balances (table 5.13-5.15). 

Only in Case of Cu, addition of EOTA in the ration 

marginally increaead the abaorbtion of this .l .... nt(tabl. 

3.13). HObllVU, the ity9.l.11 1!.!99uted that In. i'ln and Cu 

utlliaabili ty from different experimental rations containing 

different mineral sources lJere not greatly a1 tared. 

5.3.6 Growth rat. and r.,d cpny@rsion .fficiency or cAly" 

The growth rate and feed efficiency data (tabl. 

5.16) suggested that startin g from similar ini tiel body 

wts, the different treatment groups, showed non-significant 

differences in growth rate. However, figure 5.1 suggested 

that although the growth differenc •• between the group • 

.... re non-significant. groups II and IV showed som.whet 

low.r growth then groups I and Ill. The diff.rent supple­

manta support.d m.dium daily body ",t gain of calva. ranging 

from 350 to 450 g/daY. Ho .... vor. the gain to feed ratios 

(g/kg) ... as .ignificantly lo .... r in EOTA .upplemented group II 

than other groups. In EOTA supplementation group .ho .... d 

negative influence on feed conal.ll1ption. The faec8s of the 

animals were of 100s8 consistency. Similar observations 
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were made in our laboratory on feeding goats at the level 

of 900 ppm EDTA supplementation. 

'" It was evident from the discussions presented 

above that al though there were no significant differences 

in terms of feed and mineral utili satian, serum Ca and P 

levels and growth rate of animals, if rock phosphate or 

superphosphate waS used as Ca and P supplement than when 

dicalcium phosphate WaS used, there waS possibility that 

these altemative sources could sustain only medium 

growth rate. ilut it is difficult to claim that these 

supplemen ts are enough to meet OU t the requi remen ts fo r 

high growth rat. or high level of lactation, \Jlich needs 

further investigation. 

-0-0-0-



CHAPT£R_VI 

SUMMARY AND CONCLUSION 



SUMI'II\RY 

On tracing the history of utilisation of Ca and P 

supplements for use in mineral mixture during the century, 

it appeared that the use 0 f' different sources remained 

changing. Around 1902, meat by-prodUcts, meat scrapings 

and tankages were recognised as useful feed ingredients 

for livestock ""ich might serve aa mineral supplements 

apart from supplying other nutrients. Shortly theuafter, 

bone meal emerged as a Ca end P supplement BOuree for 

animal reeds. ily 1940, supply of bone meal became 

inadequate and search for other sources of phosphorus war. 

made. Since then various chemically processed phosphates 

originating from raw rocks came into practice as Ca and P 

sUpplements and dicalcium phosphate emerged as good 

potential source. 

Presently, in this country, chalk powder end 

dicalcium phosphate are tha widely uaed Ca and P supple-

men t, source. for animal feedin g. Wi th the develop .. en t 0 f !.. 

science and industry in this country and consequent 

availability of industrial wastes, there are possibilities 

of finding certain al temativa potential sources of Ca 

and P supplement. which may become available at relatively 

chsaper cost and may be innocuous in use as animal feed 

supplements provided compoeitional characteristics. of 
,,-~,-,,~> 

such material 'was able to sustain demands of increased 
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animal production in terms of growth, milk prodUction 

and animal reproduction. In the experiments discussed 

beley, attention has been focussed on medium growth of 

animal s. 

Experiment-l s Cgmposition.} ,canning pf various .0urS" 
of C. And P supplements 

Samples of dicalcium phoephate, rock phosphate, 

Muaaorrie rock phosphate, superphoephah, NPK fertiliser, 

kiln dust, Chalk powder, marble, lime, lime sludge wast., 

filter press mud waste, fly ash, pelei mittl, khgr!. mitt! 

and plaster of paris ",ore collected and analysed for 

different essential and certain incriminating elements 

or nu trl tional consl deration. 

Sefore resorting to the compositional scanning 

of different materials mentioned above, it wa& felt 

desirable to verify comparative reliance of techniques 

used for Ca and P determination. Tye techniQu •• of Ca 

and four techniques 0 f P determination s were evaluated 

using few samples Dr Ca and P supplements. The recovery 

trials and the estimated value. by different technique. 

suggested that out of the tYD matho ds tested for C. 

eetimation, AAS method using strontium as demasking sgent 

proved to be superior to tho titrimetric method. Out of 

the four methode tried for P estimation. the AOAC method 

using hydroquinone pro\led to be the most superior because 

of 97% recovery by this method as compared to 93, 93 end 

126% recoveries in ti trimetric, molybdDvanadate complex 
i,; 
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formation (4'OAC, 1970) and Flake and Subbaro ... methods 

respectively. 

Compo s1 tional scanning of di fferan t materials 

ineluded in the study 8uggest.d that li ... 8, marble, chalk 

po ... der and filter press mud ... aste had the potentiality of 

being usad as Ca supplements as they contained '7 30% Ca 

and L2'/. AlA. Plat.ri.ls l1ke khAt!@ mitt!, pel,l mitt!, 

plaster of paris and kiln dust ... ere unsuitsble aa Ca or P 

supplements because of very 1o,", Ca and P content and vary 

high (34-90%) AlA content. Samples of rock phosphate 

and suporphosphate with moderate P content ( ~11%) and not 

very high AlA content (,£15%) could be the potential source. 

of P supplements for animals, but F concentration needed 

to be checked in every a .... pie bafore they could be put to 

use 8S mineral supplement. 

Experiment-II : Ruminal oplybili ty of difr.r.nt celcium 
aDd php'phprus source, 

!.!l vi tro experiments were carried out to te.t 

the solubility of Ca from various Ca supplement source. 

such as 11m., marble, chalk powder, gypsum and die.1ciull 

phosphate in ruminal buffer solution. The solubility 

resul t. were compared with that of pure Ca Cl 2 • At pH 7, 

the solubility value. ranged from 0% in case of dicalciu .. 

phosphate to 23% in Case of gypsum. Even the Ca 801ubi-

Ii ty in Cs88 of pure CaCl2 waS only 5.3% at pH 7. Wi th 

the increase in buffer pH t thee. value. increased to as 

high .s 98.8% in ca •• Qf pure CaCl2 at pH 4. On decreasing 
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the buffer pH from 7 to 4, the solubil1 ties of all the 

Ca supplements increased to variable proportions. 

Similarly, P solubility from various P supplements such 

as rock phosphate ore, I'lussorrie rock phosphate, 

dicalcium phosphate and pure sodium phosphate in ruminal 

buffer solution ranged from 14% in Case of rock phosphate 

to ss high as 86.5% 1n sodium phosphate at pH 7 of the 

ruminal buffer. Contrary to the findings of Ca solubility, 

there was little improvement in P solubility from different 

sources by scaling down the buffer pH to 4. 

Experiment-III : 

lIased on the scanning studies in Experiment I and 

II, Ca and P supplements like marble, gyp ... m, l'Iussortie 

rock phosphate and superphosphate ",ere selected for ruminal 

studies, and compared ",i th dicalcium phoephate as a 

standard source of Ca and P supplement. For this study, 

8 awitch ovar dosign was followed by using 4 fistulated 

animal s. While the basal feed con e1 stin 9 0 f conc .mixture 

and straw remained same in each case, the groups differed 

only in terma of Ca and P aupple .. ents used in mineral 

mix ture preparation. Cal culated quanti ties of differan t 

sources mentioned above were compounded in the mineral 

mixture in a way that the concentrate containing respective 

mineral mixtures aupplied Same level of Ca and P. In 
, 

group TO no Ca/P supplement was used and termed as negative '! 
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con trol, ... hile dicalcium phosphate served as positive 

control in group T1 • Marble and gypsum served as Ca 

supplement sources in groups II and III respectively. 

In these groups, so dium phosphate W88 used as P supple­

manto Mussorrie rock phosphate and fertiliser grade 

superphosphate served as both calcium and phosphorus 

supplement in groups IV and V respectively. Distribution 

of Ca and P 1n rumen digests and their disappearance 

from rumen were investigated. In add! tian, the influence 

of different Ca and P sources on rumen fermentation 

pattem was studied by investigating changes in the ruminal 

energy and protein metebolihe like Ufll and NH 3-N concen­

tration together with ruminal pH. 

The rasul ts :indicated that th ere was no 

signifiCant effact (p) 0.05) on dry matter intake of 

animals or on the ruminal pH and TVfA concentrations and 

individUal UrA proportions in rumen liquor. However, rumen 

NH 3-N concentration wae signHicantly (Pio.oS) lo ... ar in 

rock phosphate group for reasons not clearly understood. 

SlDDd serum values for Ca and P ",ere also statistically 

similar in all the groups and they ranged from 9.35-10.90 

mg/100 ml in Case of Ca,and 8.36-10.86 mg/100 ml in Case of 

P. The value. indiCated that serum levels of Ca end P 

were not lo ..... r than normal in any treatment group. Distri­

bution of Ca and P in soluble, particulat. and solid phsses 

of the rumen digest. diff.red~ significently (Pio.o S) 

be t .... en the treatment groups. While about 7-9% 0 f Ca was 

distributed on the soluble phas •• of different trsatm.nt 
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groups, Phosphorus distribution in this phase ranged from 

30-50% approximataly. Ca distribution in soluble phas. 

from rock phosphate .. as highest (9.4%) whereas P distri­

bution in this phase wae lowest (29.3%) among the different 

treatment groups. Inapi te of these differences in distri­

bution, the ruman disappearance rates of Ca and P did not 

differ for the reasons discussed. 

E xpe rim en t-l U s 7I~n~rJl~y~e~n~c~.llQ~fihjQ~T~t\tjSHU~R~Q~l~,~!!~e~n~t~a~t~i~9~n:.lg~n~r~y~mlli",nl.lal;w. ,eM .olubilltv and dlsapg"ronc. pattern 

The influence of different level of EOTA supple­

mentaUon in the diet of animals on ruminal solubility of 

Ca in SRL and eli sappearance rat. from rumen was invesl!gated. 

The same four fistulated animals u eed in earlier experiment 

.... re switched over to the present experiment. EOTA waS 

mixed in the concentrate mixture in the ratio of EOT":Ca 

(added through mineral mixture) as 0.2:1, 0.Ss1 and 1:, on 

w/w basis in treatments T2 • T3 and T4 respectively, and no 

EOTA ... ao addld in treatment group T,. Concentrate mixture 

containing dicalcium phosphate aa Ca and P supplemente in 

the four treatment groups (T, to T4) differed only ... ith 

resp.ct to level of EDTA added. 

Resul ts of this experiment indicated that chan.ing 

the EDTAsta ratio did not affect rumen pH but ta solubility 

declined a8 0 function of treatm.nt. The values w.rs 40% 

in group T1 and 29.9% in group T 4. Ho .... ver. the Ca concen­

tration in SRL and its disapp.aranc. rate .... re not altered 

statistically ... ith the addition of different levels of EDTA 

in the diets of animals. 
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Experiment-V: 

iiased on the resul ts of earlier experiments on 

scanning and ruminal studies, three sourCes of te and P 

supplements, viz., dlcalcium phosphate, Muasorrie rock 

phosphate and superphosphate were selected for comparative 

studies on nutrient utilisation and growth in ruminants. 

Diffsrent minoral mixtures wero prepared using these Ca/P 

supplements in proportions so adjusted, that they supplied 

same level of Ca and P, i.e., 6649 Ca and 4789 P per 100 kg 

of concentrate mixture in all the groups. An additional 

group of EDTA supplementation waS included in the studies 

to investigate ita efFsct on utilisation of Ca and other 

minerals. EDT/\ was mixed @ 0.1% in the concentrate mixture 

containing dicalcium phosphate as Ca/P source. 

For this purpose, 16 crossbred calves we .. divided 

equally into 4 groups (11 to T4). The basal diet waS 

essentially the same and waS made around green maize as 

roughage and concentrate mixture which differed only Iolith 

respect to the sources of Ca and P. The net mineral supply 

through diet as also energy and protein contents were 

maintained at similar level. j\ growth trial of 16 ..... ks 

duration waS conducted at the end of which a metabolic 

trial was carried out to study the .ffect of different 

Ca and P sources on nutrient utilisation. 

Resul ts of this experiment indicated that there 

was no significant difference in any of the parameters 



-188-

like dry "atter intake. digestibility of nutrients. minoral 

balancos including that of Ca and p. and blood serum Ca and 

p levels of animals if rock phosphate and superphosphate 

were used as Ca and P supplements than when dicalcium phos­

phate was used. Although Mg and Fe balances in super­

phosphate group were significantly lower (PLO.05) but were 

positive enough to austain the growth. Gro ... th rate which 

was in the range 0 f 350-450 g/ day in the group s havin g 

used three type of supplements. feed to gain ratio waa alao 

statistically similar. Ho .... ver. gro ... th rate in (OTA fed ( 

group was depressed though non-significantly (P:> 0.05) but 

could bring about significantly lower values in the salle 

group. 

CONCLU SION 

1. Certain analytical procedUres for determination 

of Ca and P in mineral supplements were comparatively 

evaluated. On the basis of recovery, the Atomic absorption 

spectrophotometer method for Ca estimation, and method 

using hydroquinone as reducing agent for P determination 

loIere adjudged to be most sui table. 

2. Compositional scanning of materials liko marble. 

gypsum, phoaphogypsum, chalk powder, lime, plaster of paris, 

kheria mitti. peld mitti. fly ash. kiln dUst. rock phos-

phate ore, P'lussorrie rock phosphate, superphosphate, 

, I 
I , 

filter press mud waste, lime sludge waste and dicalcium ::~~ 
I 
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phosphate, suggested that chalk powder, marble, lime and 

fil tar press mud waste could be good Ca Bupplements 

because of high Ca content ("> 30%) and low AlA content 

(L2%), liIile rock phosphate and superphosphate could be 

used as an alternative to dicalcium phosphate. 

3. l!l vi tro Ca solubility in ruminal buffer was 

low at pH 7, but increased considerably by scaling down 

the pH to 4. P solubili ty was not dependent upon ruminal 

pH, although different P supplemsnts showed variable 

solubili ties. 

4. Al though distribution of Ca and P in soluble, 

particulate and solid phase of the rumen digesta were 

variable with certain Ca and P supplements, the supple­

ments did not influence the disappearance pattern of Ca 

and P from the rumen. Except for slight effect on ruminal 

NH
3
-N concentration in rock phosphate group. these 

supplemen ts had no in fluenc8 on 0 the r rumen me tabol! te s. 

5. Wi th in creasin 9 1 evel 0 f EDTA supplemen tation 

in the diet, decreased the Ca solubilitY",in the ruminal 
~,_,,_" _,'_.' _" ,- ,""_ . __ ."_~ .. , ____ ._____ I' 

fluid from 43.0 to 29.8%, but had no influence on the 

di sappearance pattern of Ca. 

6. Ruminal solubility of Ca and P from different 

supplements suggested that they have no bearing on post­

ruminal availability of these minerals. 

7. With some initial dietary adaptation period 

needed for proper intake, rock phosphate and super-
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phosphate CQuid sustain medium growth in animals 8S an 

alternative to dicalcium phoaphata, if supplied in a 

quanti ty to give similar Ca and P levels in the diet, as 

they showed no differences in growth or utilisation of 

organic and inorganic nutrients. 

-0-0-0-
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