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INTROOUCTION

Mineral deficiency or toxicity £s an ares
problem. Ths availabllity of different minerals through
feads and fodders to ruminants ﬁorr with geographical
location gnd the type of feeds or fodders available.
Mineral supplements ars nutritional devices to fortify
the normsl feads and fodders in the aress to meet the
mineral needs of livestock and poultry at the specific
levala of enimel productivity. The efforts to increass
enimal productivity by genetic manipulation further
accentugtes the problem of minersl nutrition ang thus
also the mineral supplemsnts. In case of high producing
animgls, there is tremendoue dally dreinage of La and P
through milk snd adequate mineral supplements need ba
devised to replenish the daily¥ loss inspite of the fact
that internal regulatory mechanisms in snimels can tegke
cere of the transient period of enhanced nesds. 1Sl has
laid doun the'spocifications of minaral supplements angd
the game has been revised a number of times (ISI 1960,
1968, 1982). In certain countries, specific mineral
supplements like high Cal, high Mag, high Phos, supple-
ments ars commercially manufactured to meet the demands
of specific sreas in question (Testhebarn, Animal feed

supplemants, U.K.).



The choice of a mineral supplement is determined
by (i} per unit cost of the element, (ii)} chemical forms
in which the slements are blended which may influence
mineral solubility and utilisability, (iii) the physical
form such as finensss, and (iv) its freedom from harmful
impurities, With €a and P mineral supplemente these
factors cen influence the choice of supplements., Mostly
due to cost considerations and local availability the
naturally available crude materials like, rocks, orss,
bone meal are blended in mineral mixtures to serve as Cg
and P sources. hpart from having variable utilisation of
Ca and P, such sources aré also likely to contain certain
increminating mineral elesments in harmful quantities
(Ammerman gt al., 1977) and certein trasce slemsnts which
may be of nutritional significance.

The natural resources like bone meal ,dicglcium
phosphate, rock phosphate end limestone are commonly used
on wide scele by asnimal feed industiry for making mingral
pixtures. With the advancement of science and industry,
thers are ﬁnsaihilitias to tap alternative ssurces from
the availeble waste materials st relatively cheaper rates,
Such materisla may include gypsum, phosphogypsum, coal
dolomite limestone, magnesitae, rock phosphates and r
phosphate (fertiliser grade) and possiblg others cr
used as sources of mineral supplemsnts. 1In all p
ties, such matarials may be potential sources of

and phosphorus supplements. Beside being ches
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they may also provide othar trace minerals of nutritiocnsl
significance in utilisable form,

Before the use of such unconventional sources
of .mineral supplement is edvocated, it is necessary to
comperatively scan them for avallability of ugeful elesments
and also ensuring the absenhce of toxic lsvels of incrimina-
ting minerals in them, Further, the mineral availability
to ruminants not only dapanda'upon the total supply of the
minersl slement in question but alsc on certain other
factors, like the chemical form in which the element exists
in the source, mineral solubility in the gut and availa~
bility to sustain a productive function of the animal.
It i3 known that Fe present in ferrous sulphate is g
better source for animal feeding than ferrous carbonate
or ferric oxide (Ammerman et al., 1967). Availability of
magnesium from dolonite limestone is much lower than that
from pure magnesium oxide (Gerken and Fontenot, 1967).
In addition, the reaction conditions in the rumen and
other parts of the gut are aiso known to influence mineral
solubility iﬁ the gastro-intestinal tract uhiéh may greatly
modify minsrsl utilisation (8remner, 1970). The natural
sources discussed above and also animgl feeds may contain
'1igands uﬁich may form chelates with g particular mineral
elemsnt modifying its availebility., It is knoun that
presence of oxalates and phytates in the feads lower La
and P utiligation {McOonald st al., 1978). Even certain

amino scids may constitute ‘ligends’ for wineral

"
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complexations (Georgievskii, 1982). Certain claims have

been made that prechelated mineral supplements improve

trace slement utilisation (Darwish end Kratzer, 1965; Foll,
1QGGP and that addition of certain chelating agents like

EDTA improves the utilisation of Zn and certain other trace

minerals (Kratzer gt gl., 1959; Georgievskii, 1982),

The situations discussed abovs demaondad detailed
investigations about the suitaebility of alternate sources
of Ca and P for use in minersl supplements which may be
more economical and adoptabls by cattle feed manufacturing
industry and the pther organised sector depending upon
sui tability. The proposed investigations have been broadly
basmad on the objectives given belou. Oue to tha multi-
plicity of approach, the area of interest was restricted
tc changes only in the rumen and sources contemplated at
present included those which may potentially be suitable
as Ca and P supplemsnts., The objectives were:

1. To scan the suitability of different natursl
sources of Ca and P supplements.

2. To detsrmine ruminal distribution and dis-
appearance of Ca and P from slternate Lg and P
supplements.

3. -To assess the influence of Ls and P supplemente-
tion on rumen fermentation,

4. To determine the level of chelates influencing
Ca availability in the rumen,

S. To compare the utilisation of certain alternste
mineral supplements by growing ruminants,

N« Ty e T o T
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REVIEW OF LITERATURE

Adequate supply of mineral slesments in the
nutrition of livestock is knoun to be essential for
animal health end production, In grazing ruminants,
the mineral elements present in the dietary herbage are
the only sources of minersle available to ths animals.
But in many locations in Indis, as also in different
parts of the globe, the occurrence of frenk clinical
conditions either dus to shortage or excess of one or
more minersl slemonts, pose problems, nesding urgent
attention of animal nutritionists. Mineral nutrition
problems, therefore, become area problems derived
mostly due to soil conditions and the type of foragas
grown on such soils, In order to smelioraste the
problems of mineral deficiency, free choice salt licks
are provided in the grazing ranches in many countries,

In stall fed conditions, minersl blocks,
licks, drenches or mineral mixtures prepared with the
nutritionally essential mineral slements are commonly
used to compensate for the ingdequacy of mineral ele-
ments in the normal feeds and fodders. Such supplements
are prepared from locally available cheaper mineral
sources, eo,9,, orss, bone meal, chalk powder, oyster

shells, etc, They are primerily used to supply major
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mineral slements such as Ca, P and Mg, and are also
fortified, in many cases, with common salt end pure
trace mineral cempounds,

The scientific basis for the formulation and
use of minersl supplemente has besn reviewsd uwith
particular smphasis to Ca and P supplements for live-

stock feeding under the frllowing hsadingas-

1. Minesal slsmente of nutritional significance

2. Physiological role of Ca and P

3. Regulation of Ca end P metabolism

4. The rationale of Ca and P rsgquirements

5. Ca and P daficiency in livestock

6. Feed factors wodifying Ca and P availability
in the nutrition of livestock

7. Lri-taria for selettion of mineral supple-
ment

8. Conventional Ce and:P supplements

9. Unconventional Cs and P supplementes

10, Fectors modifying mineral utilisetion froe
mineral supplaments

1. Interactions influencing Ca and P utilisation

12. Use of chelates in relation to mineral
svellablility

1. flinezal elesents of pAutritional siondficance

There are sbout 21 mineral elements which are
known to have sssentiel metasbolic roles in animels
(Church and Pond, 1982). Out of these, 13 elements,
namely, calcium (Ca), phosphorus (P), magnesium (Mg),
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sodium (Na), potassium (K}, sulphur (S), chlorine (C1),
iron (Fe), copper (Cu), zinc (2n), cobalt (Co), iodine(I)
and mangenese (Mn) are known to be dietsry essential
nutrients. Although the functional roles of chromium{(Cr),
selenium (Se), molybdnum (Mo) and fluorine (F) have been
demonstrated in many animal species, but their absolute
essentiality hes not besn established in ruminants
(Underwood, 1981).

The functions of different minerals in the
physioclogy of animals are interrelated and seldom they can
be considered individually as single functional components
having quite independent and self-sufficient roles in the
organised body processes (Hays and Suenson, 1970). &
definite relationship exists betueen calcium and phosphorus
in the formation of bones and teeth, The synergestic
influencs of iron, copper and cobalt in the synthesis of
hemoglobin and red blood cells is also known{Cantarouw
and Schepartz, 1967), However, in some cases, individual
elements serve specific roles, e.9., I in thyroxine and
Co as integral pert of vitamin 8,, molacule.

Co, Cu and I inadequacies in soils end flora of
certain parts of the world lead to the deficiencies of
these minerals in domestic animals (Hansard, 1983). Also,
selenfium axcess in the soils may result in high Se levels
in plants which become toxic to animals (McDonald gt gl., «
1980) . Nutritional disorders involving minersl nutrition

may arise as simple deficiency or excessss of particular
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elements present in the diet. These conditions may
themselves be either the reflection of the soil status on
which the plents are grown or they may be related to the
presence of specific plants uwhich are seleniferous or

guitrogenic,

2.2 Physioloaoical roles of caleium ang phosphorus

The skelton contains: 99% of the total Ca and
80% of ths total P present in the body. Bosltar and
Greenberg (1941) suggested that Ca and P, which are
predominent minseral elements of bones and teseth, exist
primarily in the form of hydroxy spatite crystale having
structural formulae

+*
- +
Ca x(904)6(0H )2 (H30)2x

10

Wher#, x may véry from O0=2, UWhen x = 0, the
compound is called octacalcium phosphate and when x = 2,
the compound is termed as hydroxyspatits. In addition to
their roles of supporting the structural freme of skeltal
tissues, the bones also serve as body rﬂse;uuir oef these
elements, moétly located in the bone trabeculas. There
exists a dynamic squillibrium of Ca and P exchange betusen
bones and btody fluids. Ouring the period of dietary
duficiency of thege minerals or in situations demanding
incrsased Ca and P needs of particular physiologicel state,
such as ptregnancy and lactation, thess minerala are
resdily mobilised from their stores in the bones and
maintain near constant levels in body fluids, blood and

other soft tiesues{D'Souza end Flock, 1973; Wasserman,1977).
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A small proportion of La, not loceted in the
skeletal tissues, is widely distributed in the fluids and
soft tiseues of the body whers it perfomms a number of
essential functions. Forty five to fifty percent of the
circulating Ca, present in plasma, is in soluble, ionic
form, whereas the remainder is primarily bound to plasmas
elbumin (Hays and Swenson, 1970). Ca present in solubls
and ionic form is involved in seversl essential phydiolo-
gical functions including conduction of nerve impulses,
contrection and relaxation of stristed muscles and heart
muscles (Church and Pond, 1982). Ca serves as an activstor
or stabliser of certain enzymes and is required for normal
bleod clotting, 1.s8., in the conversion of prothrombin to
thrombin, which rescts with fibronogen to form fibrin and
blood clot (Cantarow and Schepartz, 1967).

About 17-20% of totel body P{present in body'is
widaly distributed in fluids and soft tisguese where it
performms many biochemical functions related with growth
and production (Church and Pond, 1982). Involved in thae
chemical struétura of nucleic acids, P plays a very active
biochemicsl role in the iranamiasion of genetic infaormea-
tion and in regulation of protein biosynthesis. Phosphoric
acid is a component of ATP energy rich moleculss and large
Aumbcr of coenzymes, and thus 1e¢ actively involved in
metabolism of proteins, 1ipids, carbohydrates, minerals
and energy. Phosphorylation is another importsnt step in
the absorption of nutrients and renal sxcreation, transport -

of lipids, exchangs of amino acids,etc.({Lehninger, 1977}.
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It is quite egident that inadequate supply of
P to the body may result in reduced grouwth, production

and overall animal performance (Georgievskii, 1981).

2.3 Reaoulation of Ca and P petaboldam

Homeostatic control mechanisms very strictly
influence La metabolism and plasma Ca levels but the
control is not so eFfective on P motaboli%? Radiotracer
studies indicate that blood Ca and P keep exchanging with
La and P pocl to the extent of 35 and 100 times respecti-
vely than the quantities of Ca and P circulating in blcod
{Grace, 1981), Such high flux in the r-neuai of the
pocl mostly originaté-?rom intestinal absorption and bone
reabsorption of thgse minerals, both of wvhich are under
the regulator y influsnce of potent calcitropic hormones -
the parathyroid hormone and 1,25«dihydroxyvitamin D, a
vitamin D metabolite produced in kidney.

Vitamin D(D2 and DS) circulates at relatively
low concentration (1=3 ng/ml) in cows (Horst and '
Littledike, 1982) probably dus to rapid conversion to
25-hydroxyvitamin O in ryiar (DsLuca, 1982). There are
a number of 25-hydr0xyvit§min D analogues which all are
convarted to 1,25 Dihydroxyvitamin D metabolites in the
kidney. This final vitamin D metabolite together with
paTathyroid hormone intarpla% to rsgulate Ca and P entry
rates to the body pools (Aarskog and Aksnes, 1980) snd .
their exit through faeces, urine and bone in non-
pregnant animsls and through fostus and milk in case of

pregnant and lactating animals.’



factorg jnfluencing Ca and P avgilabllitvi- Several factors

such as level of intake, age, acidity, presence of binding
gubaténcas and endogenous excretion 1nf1hnnca efficiency of
Ca absorption from the intestines, Romberg et gl. (1984)
found that reoucing high dietary Coe loed resulted in greater
sfriciency in Ca absorption, The absorption was found to .
be enhanced on increasing distary ecidity (Lomba gt al.,
(1978). Expnriﬁents with rats suggested that on o dietary
Ca lpad, the aged gnimals are less capable to increase
their responss of Ca absorption than the young animals
(Horst gt gl,, 1978)}. Both in ruminants snd non- ruminants,
dietary oxalates depress Ca availahility (Ward gt gl.,1971).
Nucleic scids produced by ruminal bacterias, dietary fat,
high ingestion of fluoride end low supply of distary P

also have besen found to reduce La avellability for ebsorp~
tion {Braithuaite, 1976).

The absorption of dietsry P in ruminants is
reported to be in direct relation to P intake (Care et al.,
1980). Unlike other animals, endogenous secretion of P is
mediated largely through saliva flow and not through kidney,
so that 70-80% of total endogenous P excretion is through
saliva (Wadsworth st al., 1977). The quantity of P endo-
genously ggcfetad into saliva recombinss with dietary P
before P from both the sourcss are avallable for asbsorption.
Salivary P is mostly in the inorganic form. There is
4-5 times greater contentration of P in saliva than that
in plasme of cattls (Clark, 1953) but the salivary P to
plasme P ratio is much higher (5-13 times) in sheep ( Tomas,
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1974) . Phesphorus tutnover studies in shesp suggested that
P absorption was inversely related to saliva flow {Tomas

et al., 1967), Selivary P contsnt is also influenced by
parathyroid hommone uhich incresses salivary P concentration
by increasing endogenous P é;c}ition (Wedsworth, 1977).

In ruminants, it is the sglivary P concantratioﬁ vhich
regulates P homeostasis, In turn, this regulation is
mediated by plasmg P levels, because louw P dists which

resul ted in hypophé%h.taamia in cattle Caus;d decrease in

salivary P (Care et agl., 1980).

2.4 Ine rationale of €g and © rsquipements

Notuwithstanding the benefits accruing with
the use of suitable forms of Ca and P supplements, various
agenciss have detsiled the totsl daily regquirements of these
minsral elements for feeding various cetegories of livestock.
Such requirements must be vieued as tentative and rough
gui delines only. Racommandations about Ca and P require~
ments are mads pericdically by,AgriculturéI Research
Council (ARC, 1965,1980) in U.K., National Research
Council (NRC,196B,1975) in USA, Institut National de
la Recherchs Agronomiqus (INRA, 1978) and Sen and Ray
(1964) in India, The racomhendaticns vary considerably
between the diffarent sources and between publicationge from
the same source, Table 2,1 presents an exampls of such

variebility foe a 50 kg lactating aue,



Table 2.1 Variation in recommendations of Ca and P
requirements (g/day) for SO kg euwe giving
1.36 1 milk/day during first 8«10 uks of

lsctation
Recommen~ ARL NRC INRA
dation ' L '

1965 1980 1965 1975 1978
Ca 10.0 4.3 6.2 10.9 11.0
P 7.0 $.% 4,6 T8 5.8

it was obvious that vhile ARC tried to reduce the rescommen-
dations of both Ca and P, NRC tried to raise the values,
The recommendations of ARC {(1980) were later objected and
Gertain studies with radioisotopss and mineral balances
also pointed about the inadequacy of ARC (1980) racommsnda-
tions (Braithuaite, 1983).

Indian recommendations for Ca and P requirements
are found in certain publications (Sen and Ray, 1964; Sen
et gl., 1978). Revieuing of recommendations did not bring
in much differsnce. 1t is probable that verisbilities in
animal production levels and availability of feeds and
fodders may initiate the necessity to revieuw the recommen-
dations.

Further, considering the changes in Ca and P
requirements as per ARC or NRC in conjunction with the
variasbilities in biclogical availability of Ca (Hansard
st gl., 1957; Reid and Weber, 1976) and P (Fisher, 1978;
Witt and Owens, 1983) to livestock end poultry, it is
possible to speculate that the quantitative daily supply
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of Ca and P from various sources of mineral supplements

mgy differ considerably to meet the animal requirements.

2.5 Ca and Pdaficienciss in livestock

Wwhile unconditional Ca deficiency defscts in
livestock is not so predominent, P deficiancy is very
comnmonly sncountered in grewing ruminents. But dus to
their interdependence, it may bes erronscus to consider
them individuaslly., Many dissase conditione, as rickets,
osteomslecia, osteodystrophis fibrosa, pica, stc. are
very commonly asssociated with Ca gnd P deficiencies,
Apart from frank clinical conditicons, defscts in animal
performance and reproductive troublss also get manifestad.
Thus, Little (1968) Pound subnormal growth im young and
unsatisfactory'ueight gains in mature rﬁmiﬂénts when
serum Ca and'P cancanfrations started declining, Grouing
pigs, kept on maize end soysbean dists containing 0.34% P,
showed lousr weight gains and serum P concentration, in
comparisbn to those kept on similser diegg_uhich wes
fortified with aoff phosphate or dicalcium phosphate
making total dietary P supply to the levels of 0,54 and
0.75% respectively (Harman st gl., 1970). Inadequate Ca
and P supply through diet also affacte milk yield in
cattle and ®gg production in poultry. On a P deficient
and sdequate protein ration supplied to cows in lats
pregnancy and ®arly lactetion, a significent dopryssion
fn milk yisld was noticed (Fishuick st gl., 1977). In

certain areas of South Africas,vhaers P deficiency was
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ssvere, axogenocus supplementation of bone meal to the
diet of lactating animals resulted 40-140% increese ‘in
the milk yield (Biaschop, 1964), However, such enhanced
influsnce on milk yield cennot be attributed solely to P,
since bone® meal also provided protein. Lactating animals
respond to dietary deficiency of Ca and P by reducing {;é
milk yield without affecting 1ts minerel concentration
(Underwood, 1 981). In early stags of deficiency, or
where the deficisncy is moderate, the animal s able to
drau from its oun skeltal reserves of Ca and P in order to
sustain the demands of lactation, B8ut, vhen tha same is
prolonged or becomes savere, bone defects and other clinica
signe become manifested and milk yield is slso impaired
(Bisschop, 1964). An almost complete failure of milk
production has been observed in sows fead a Ca deficient

dist during the previous preghancy (Becksr,st gl., 1953).

2.6 Fead factors medifying Ca and P _availability
dn_the nutrition of liveatock

The natural fseds and fodders uidcjdiffer:in
Ca and P contan@} and to compensats for low mineral con%cnt
in natural feeds gnd fodders, ssveral inorganic compounds
of geological or industrial origin are blsnded in the form
of mineral supplements toc feed livestock in order to
sustain animal%@ﬁﬁ hsalth and productivity needs,

in lafiy studies, Forbes gt al. (1961) shoued
that high ylelding cows fed on hay and cancontiatc diets
showed negative Ca, P and Mg balance during lactation,

Thomas et al. (1952) suggested that nonleguminous grasses
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and forages grouwn under tropical condition are generally
poor in Ca and P content and uvhen fed to animals need be
supplemented with additional Ca and P to overcome their
deficiency. Morrison (1961) suggested that stall fed
animgls should be supplemented with Ca and P, into their
vhole mixed diet or into the concentrate portion eo that
inteke of these minerals are gdegquste for the productivity
of the animal. MecDonald gt al. (1981) reported that
csresals and root crops ars poor source of La and need
supplementation under farm conditions.

| Grazing sheap end cattle fingest variable asmounts
of soil and thus the dietary mineral supply from nommal
pasture herbsge gets auomented, Field end Purves (1964)
found that about 15% of total dry matter intaks {s contri-
buted by ingestion of soil in sheep grazing on winter
pastute which serves as edditionsl source of minerals to
such animale, Suttle gt gl. (1975) carried out studies
vith grazing shesp in Great Britain., They found that
total soil ingestion may rise even upto 40% of total dry
matter intake ffom winter pastures. Soil ingestion on
grazing could bs to tha extent of 1,600 g/d in cattle and
400 g/day in sheep (Heely, 1967,1968; Msyland gt gl,,1975
and ﬂcGarti;j;BBZ). Evan then, P deficiency is very
frequently ssen in grazing ruminants of meny parts of
world (Cohen, 1980), 1t is possible that pressnce of high
quantity of Al and Fe in such soils may be entagonistic to
absorption and utilisation of dietary P (Rose at gl., 1982},
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Fertiliser applications to soils is likely to
influence mineral uptake through soil contaminated herbage
apart from bringing about improvement in herbage mineral
content, Falade (1973) reported that supe&rphasphate
application to the soils in Australia, at the rate of
125 kg/ha increased the phosphorus content of the herbage
by 50 percent in addition to the influence it made in
doubling the pasture yield. In situations vhere fertiligzer
application to soils is uneconomical, additional phos-
phortus supplementation to enimals can be achieved by
regqular drenching with mineral phospnhates, use of phosge
phatic salt licks or by treatment of watar supply with
soluble phosphates (Underwood, 1981).

u/?:1neral supplementation through drinking water
is possible only where animals access to water supply is
controlled, so that thare is provision of pretreatment of
water in a reservoir before supply to the animal,
Heminguay and Fishuick {1976) described a procedura of
such treatment of drinking water with soluble phosphates
such as sodium phosphate or ammonium polyphosphats. But,
since trestment to improve mineral supply through drinking
wvater was gquite expensive, Scharp (1979) further reduced
the cost factor by using superphosphate, the cheapest
material containing uwater soliétble phosphate, as phogphorus
SOUTCE,

Under practical feading conditions when young

animals receive feeds containing roots, vegetables,
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silage, haW or straw with little or no concentrste, P star-
vation also occu:é. It is usual farm practice to supple-
mant such Ffeeds with P containing additives, which have
bsneficial effects on assimilation of nutrients, deposi-
tion of minerals and growth of the animals (Annenkov, 1982},

However, good leguminous forages, when consumed in largs

quantitiss, may provide major proporticn of this slement

(Kea.rl ' 1982) .

Oue to cost considerations and local availability,
the mineral mixture manufacturers select Ca and P supple-
ments not in the form of pure chemical compounds but in the
form of locally available ores or other byproducts for
biending the same into mineral mixtures. A& uwide range of
compounds produced commercially from rock phosphate and
other natural sources are available as Ca and P supplements,
The merit on which the various minersl sources can be
tested for their use as mineral supplement for an;mal
feading would depend upon (i) mineral composition,

(11) aolubiiity in the gut, (iii) mineral availability,
and (iv) presence of deleterious substance associated in
thess supplements.

Difrferent grades of certain minsral supplemsnts
vary greatly in their chemical composition and mineral
aveilability. Gillis (1954) while compering the biological
availability of phospﬁorus from untreated rock phosphate
from cdifferent countries, found that only florida rock

phosphate was satisfPsctory in comparison to bone meal.



Dilworth ot al. (1964) reported differences in Ca availa-
bility to chicks from five samples of fesd grade phosphates,
and atiributed these diffarsnces to be gue to variation in
mineral composition, Reid and Websr (1976) snalysed 24
samples of ground limestons ghd 5 samples of oyster shell
and found wide variation in the Ca, 2Zn, Mn, Fe and Mg
levels, Theft also rsported .th_at avallability of Ca to
ghicks from five ground limestone samples ranged from 73,3
to 109.4 percent in comparison to Co availability from
pure analytical grade CaCDs which was taken as 100%. Ross
st gl. (1584) eleo found that Ce availability from different
sources of calcitic limestons were not similar. Kearl
(1982) has described uide variations in certain essential
as vell as contaminating mineral contents in samples of
chalk powder, gypsum and rock phosphate. In case of chalk
powder, g content ranged from 0,01 to 0,42% and Fe
contsnt ranged from 150-300 ppm. Apart from 2,5% Mg and
300 ppm Fe concentration, gypsum and limestone contained
Zn, Cu ana.ﬂn. The samples of rock phosphate contained
16=-32% Ca ahd 0.18% P, In addition, thesy contsined fairly
good amounts of Mg, Cu, Co, Fe and Mn, The F content even
in defluorinat#d rock phosphate varied from 0.18% to 3,5%,
Such findings suggestad the existence of wide variations

in the mineral composition of different Ca and P supple-
L
ment sources,

Ammsrman et al. (1977) suggssted that conven-
tional and unconventional mineral supplements need investi-

gation as regard the accompaniment of various texic
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slements uhich are found to occur in natural sources of
minaral supplement, Theh produced evidences for the
pressince of sufficient levels of toxic slements in certain
many-minerasl supplements, Thus, lead and arsenic levels
in Mn0 samplu,éﬁar- found to vary from 660«2180 ppm and
119«1400 ppm respesctively. Concentrations of Hg, Cd, V
and 5n were also found to be in toxic range in many salts
of Zn, Mn, Fe and Cu. Thek found that Peuw samples of
phosphates contalnsd impurities like Al, F, As and Hg
uhich could be detrimental to the health of animals if
used as supplement in mineral mixtures,

1t is pdventageous to fortify the diet of
animals only u;th particular mineral slement uhich isg
actually deficient in locslly avallable faesdd and fodder.
Morrison (1961) pointed out that it ie both uneconomical
end injurious to uge s supplement like dicslcium phogphate
or bon® meal, which supplied both La snd P, tv a ration
which is deficként in Ca but has plenty of P, Underwood
{(1971) suggested that addition of bone meal to a chick
ration which had plenty of phosphorus, caused the
condition of slipped tendeon because P sxcess in the diet
made Mn unavailable to the chicks, Diets consisting of
brever's mash and potato-pulp with a limited amount of
roughage, becoms highly‘dofictint in Cs, but adeguate in
P, wheregs Bagasse fne& contains excess Ca, but very low
P (AnnenKov, 1982). Such diets also need specific mineral

supplementation. P supplements are gensrally more
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expensive than Ca supplements (Beamont, 1981) and,

therafors, cost considerations also make judicious use

of P supplemsnts more imparstive,

2.8 '!_"

Maynard and Loosli (1969) outlined the composi-
tion of certain Ca and P supplements Por livestock feeding
{(Table 2.2). All the sources are not conventionally
adapted in preparation of mineral supplements in India,
partly beczuse of availability considerations and partly
because of lack of dats about the relative merits of

individuasl ingredients. Thompson (1980) indicated that

Table 2.2 Certain sources of Ca and P supplements

Supplemsnts Ca( %) P (%)
Animal bone, stsamed, '

Jeshydrated 29,0 13.6
Dicalcium phosphate 26,5 20.5
Defluorinated phosphates 29-36 12-18
Limestone ground 33.8 -
Animal bons charcoal 22,0 13.1
Calcium phosphate 17.0 21,0
Sodium phosphate - 22.4
Di ammoniumphosphate - 20,0
OCyster shell 35.0 -

calcium phosphates are the largest group, in terms of

quantity used and thers were many varieties within the
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group. He subdivided the calcium phosphates into two
major types: (1) naturel and unprocessed materials,
which include (a) rock phosphate from differsnt sources
and of varying compositinn, {b) collodisl or soft phos-
phats (c) bone meal, and (2) chemically procsssad phose
phates, which are subdivided inte tuc aroupet(a) dical-
cium phosphate end (b) defluorinated phosphate.
in India, minersl supplements under various
trade names are avallable in the.markst, Ths Indian
Standards Institution (ISI) impose compositional standards
of minnra%fmixturea for different category of livestock
V//;nd modify the stendards periodically. ISI (1960)
recommended the use of Bone meal, chalk ppudar end
dicalcium phosphate (DCP) in proportions of 45, 10 and 12
percent respactiValy,las La and P sources in the minersl
mixture for cattle, .Quality specifications of bone meal
“wes also lasid down (ISI, 1961). In its first revision,
151 (1968) sllowed the use of calcined bone mesl in
addition to steamed bone meal, chalk pouder and dicalcium
phosphate. But, in the second revision, the 151 suggested
the use of ground oyster shell, and replaced chalk powder
wi th grouna limsstone in the racommaﬁdad list of ingre-
dients for uss in the formulation of a mineral mixture and
for tha first time alsc made the provision of In supple-
mentation to minersl mixture (ISI, 1983).
Ground limestone and chalk powder which

contain around 4D percent Ca, ars potential sources added
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toc mineral mixtures to fortify the need of this element.
Kearl (1982) has suggested that steamad bons msal, dical-
ciu phoéphaéu, round limestone and defluorinated phos-
phétefas good Ca ‘and P supplsments available in moét regions,
Product uhich the fesd industry refers to as
"deflucrinated phosphates" are produced by reaction of rock
phosphate uith'phosphoric stid and sodium carbonate
followed by celcination of the mixture at high temperature
( >1000°C), The product obtained ia mostly tricslcium
phosphate., Calcining drives off fluorine and converts the
phosphats rock to a form which is biologicaelly more useful
to animals (Thompson, 1980)., Incidently many materials
which sre used as P supplement supply significant amount
of Ca slso. Apart from bone meal and dafluorinagted
phosphate, dicalcium phosphaté is another supplement uhich
can be used both as La andfp source. Dicalcium phosphate
is produced either chemicslly or from bones. In former,
csicium carbonate and phosphoric acid are reacted together
to form a mixture of dicalcium phosphate and monocalcium
phosphate. 1In case of dicalcium phosphate prepared from
bones, the material is treated with hydrochloric acid to
form monocalcium phosphate which is further neutrslised
uith.lims water,and dicalcium phosphate is precipitated
out { Thompson, 1980).

2.9 Ungonventional.Ca and P supplemants

Ingdeguate availability of dicalcium phosphate

or bone meal in certain areas may raise the cost of
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manufacture of mMineral mixtures due to expenmes involved
in transportation from a distance. With the davelopment
of industry and consequent avallability of certain waste
materials, there are possibilities Fﬁr use of many of such
waste materials in the manufagture of minersl mixtures,
Morison (1961) suggested that oyster shell, ground clean
shells, wood ashes, gypsum and dolomite limestons can be
satisfactory Ca supplements. Gohl {1981) reported that
calcitic limestone containing 36.4 percent Ca.é@ﬁ'can
safely be fead free choice mixed with salt to livestock
as mineral supplement, Feu of the supplements that have
more potentiality of being used as Ca sources, because

- of its aveilabblity, have bian discusaed below:

Uncopventional La sugplemants:
Gypsums~ The possibility of using Gypsum, which contains

CeS0,,2H,0 to the level of B7% (Sinha, 1967) as calcium

2
supplement for livestock was considered by certain workers.
Krogger and Carrol (1964) reported that gypsum fesding did
£Ho4=ghow any significant deterioration on ruminal micro-
florae population and activity or in witro c¢ellulose |
digestibikity, but decresased the rate of passage of ruminal
contents through G,I.trect. Thel aleo obsarved that on
feeding high levels of gypsum, there was significant
increase in blood plasma sulphur concentration and caused
acidosis., Bouchrad and Conrad {(1973) used gypsum to
increase calcium and sulphur content of the basal ration

and foung decrease in fead intake, due to excessive



=25

accumul gtion of sulphur uwhich eventually depressed the
feed intake, On the contrary, Gartner and Rourks (1974)
obgerved no influence of gypsum supplementation on
nutrient utilisation from diff efent roughages, Houaver,
Gypsum has not besn found to be a suitable source of Cg
in poultry (Morrison, 1561). Weldroup gt al. (1964)
observed that availability of Ca to chicks from pure
EaSD4 was esssntially similar to CaCDS, ground oystar

shell, ground limestons and calcium gluconats.

Phosphogypsump:~This substance is produced as a byproduct
in the industrial manufacture of phosphoric acid from
rock phosphats which is/heated uith sulphuric acid to
produce phosphoric acid and phosphogypsum. e annual
production of phosphogypsum in India is to the tune of
2.8 million tons, It is considersd as s superior grads
gypsum having 80-90% purity =s ggainat 65-70% purity
which is found in agricultursl grades gypsum (Shrotria
and Mishra, 1976). Phosphogypsum, howaver, toes not
contsin very high phosphorus to merit g qualification
for use as phoasphorus supplement far ruminents, but
phoaphogypsuh may be as good a Ca supplement ss gypsum,
Results of animal feeding expsriments with phosphogypsunm

arse too meagre.

Polomite limeatones~ Sinhs (1967) reported that dolomite

limestone contains 56 percent colcium carbonate and
46 percent magnesium carbonste., Therefore this lsvel

of Ca and Mg makes dolomite limestock as sultable La and



Mg source for ruminants. Morrison (1961) suggested that
dolomits limes$one is fairly satisfactory source for both
Ca and Mg supplementation. He also indicated that due to
presence of high amount of ﬂgCO3 it was not suitable for
poultry. Most of the findings, howaver, ssem to examine
dolomite limestone 25 a potential g supplement source
rather than a Ca supplement. Gerken and Fontenot (1967)
found depression in carbohydrates digestibility and blood
sarum Mg values in the dolomite limestons fed group in
comparison to pure Mgl fed group. Rehnema and Fontenot
(1983) observed greatar utilisation of Mg from Mgl than
from dolemite limestone due to greater absorption of Mg’
in sheep fed Mgl supplement, They reported that Mg
absorption was 0,89 g/day in Mgl fed group in comparison
to 0,51 g/day in dolomite limestone group. Such depression
in Mg absorption may also probahly he duas to the high Cja

content of dolomite limestona.

1 t c t:~ Becsuse: of their
EUMpositional qualities and easy ayailability, certain
industrial wastes could serve as possible Ca supplement
sources. Ihese sources may be 'csusticization sludge
waste' from pasper industries contsining 12-16% Ca, dried
filter press mud waste which contasins 30-40% Ca and
cement 'kiln dust' which contains 36% Ca. Gohl (1981)
has reported that dried !filter press mud waste' is a
vaste material of any sugarcane industries, and it can

replace at least SO percent of the concentrate mixture
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in the diet of ruminants, because gpart from Ca which is
grasent in the form of calcium sulphat& and calcium phos-
phate, it also contains proteins and carbohydrates in
considerable amounts, Noller et al., (1980) found that
'cement kiln dust' uhich is also rich in Ca and many other
trace slements, shoued favourables rasponse when fed to

animals as Ca supplement in comparison to reagent grade

CaCDS.

Unconventional P supplenents

in a mineral mixture, it is the phosphorus
suppiement which is quite an expensive ingredient,
Djfferent chemical forms of phosphorus compounds in a
mineral supplement do not show similar phosphorus availa-
bility, if fed to livestock, Studies indicated that
phosphorus present in bone meal, mono~di and triecelcium
phosphate, sodium pytOphosphate and curacao island
phosphate uwere more available to chicks but colloidal
phosphate or soft phosphate of colloidal clay were not
aveilable (Motzock st gl., 1956). In ruminants, different
P supplemenits such as urea phosphatée, mono=ammonium
phosphate and dicalcium phosphate gave good responss of
grouth and P retention, uhen fed to P deficient shemsp
(Fishwick and Heminguay, 1973). Later, Fishuwick (1978)
found that two forms of magnesium phosphates, tri-calcium
phosphate and feed grads dicalcium phosphate ssrved as
good P supplements in improving weight gains and P

retantion in P deficient shsep.
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S0 h t i i~ Soft phosphate of
colloidal clay or colloidal phosphate is a mixture of
fine particles of rock phosphate and clay and contains
less F in proportion to P than that of rock phosphate,
Morrison (1961) suggested that soft phosphate should not
be used for a long psriod/as the only phosphorus supple-
ment, Plumlee st al. (1958) reported that availability
of phosphorus to cattle was poorest from soft phosphate
and it resulted in significant reduction in fesd gain
efficisncy, fesd intake and serum inorganic P lsvels,
when compared to steamed bons meal, defluorinated rock
phosphate, dicalcium phosphate and phosphoric scid as
the source of P,

Rogk phosphate:- Rock phosphate, which mainly contains
tricalcium phosphate, had been invariably used as a
phosphorus supplement for cattle, After the World War II,
when bone meal was in short supply, the ugs of raw rock
phosphate bacame more prevalsnt gs Ca and P suﬁplement
source, Alipov (1955) obsarved that continued fesding
rock phasphétod supplement for mora than 3=4 months in
place of bones meal resulied in decline in animal perfor-
mance and also deposition of F in teeth and tissues, 1If
practically all the F prasent in rock phosphate is
reqovod,thon defluorinated rock phosphate is entirely a
safe sub;tituts for bone meal (Morrison, 1961)., Maynard
and Loosli {1969) also reported that Ca and P of raw rock
phﬂSShats are absorbable but feading these products is



-2G-

harmful begauss of F present in it. Gohl (1581) has also
suggested that rock phosphate should not be used in animal
fasds unless it is gusrsnteed to contain less than 0.4
percent F. Thus, the level of F is an importent criteria
for using rock phosphate ss P supplement in animal feeding,

Heat treatment required to eliminate F present
in rau rock phosphats resulted in loss of biological
availsbility of the phosphorus (Underwood, 1981).

Uitk and Owens (1983) observed that P from
defluorinated rock phosphats was not so soluble and
therefore uas lesss gvailable to ruminants in comparison
to other spources of P such as dicalcium phosphate or

sodium phogphate,

Fertiliser qrade ohosohate

The agricultural grade phosphstic fertilisers
1ike supsrphosphate (essentially monocalcium phosphate),
NPK fertiliser {(essentially ammonium phosphate) and DAP
{ diammonium phosphate), are producsd in our country from
ingigenous raw rock phosphate. Un the basis of their
minsral composition, thess sources could be used as
possible alternate sources of phosphorus supplements
(Kearl, 1982). Ageruwals st gl. (1971) reported that
calcinad super phosphate uvas more sstisfactory source of
phosphorus in lembs ration in comparison to uncalcined
supsrphosphate becguse of the f present in the latter,
Calcination process removed F from such supplement.
Gohl (1981) has suggested that fertiliser grade super~

phosphate can be usad as mineral supplement if no other
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source of P is available. In using this, he suggqested
that it should be thoroughly mixed in sufficient uater,
ahd the extract of the soluble phosphorus thus obtained
by pouring off the supsrnstent liquid may be usad as

phosphorus supplement for ruminents,

2.10 Eactozs modifving mineral uiilisation
Lriom minexal gupolements

The vglus of g mineral supplement depsnds
not only upon its mineral content, but also on the
amount that the snimal can extract and retain for its
own use, Different chemical forms of a mineral siemant
differ congiderasbly in their availability due to
differences in their solubility in the G,I.tract,

pH th f mine

The release of minerals from their compounds
in diet or mineral supplements and their asvailability
for absorption depends also upon the solubility, which
in turn is influenced by pH of the gastrointestinal tract.
Existence of binding 'ligands' in the gut also influence.
the net availability of minerals for absorption. The
secration of gastric juice helps in the relmase of Ca
and Mg in the abomasum uwheresas decreased acidity is
assoCciated uwith a reduction in proportion of ultrae-

filterable Cs and Mg which is available for absorption ,

(Stogy et al,, 1966). In abomasum, where the pH rangea[_apf

LY

from é-S, there was virtually no bound Ca or Mg. Kroe

2t al, (1966) claimed that the apparent differences in
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the absorptive capacity of the different regions of small
intestine are related to pH and therefore te the solubi-

lities of the minora;gin the gut lumsn, ¥

Witt and Owens {1983) compared the availability
of phosphorus from different éupplamant sources such as
monocalcium phosphate, dicalcium phosphates, defluorinated
rock phosphate and sodium phosphate. They found that
phosphorus wss available to the extent of 88, 62 and 40% |
from the respsctive sources in comparison to sodium
phosphate. ln gijgg phoéphorua solubility of these asources
on® hour after incubation in abomasal Pluid wers 71.6,

41.3 and 29.7% respectively compsred tc 100% for sodium
phosphate. In the rumen liquor, thaese solubilitiass usre

still louwer.

Lhemigal form

The gvaeilability of mineral elﬁmants to
animals does not only depend on the tDtal-BUpply of the
minarzl slements in question. Variations in mineral
availability are seen also with the chemical fomm in which
the major or trace mineral’s exist in a supplament.w

Gillies gt al. (1954) reportaed that pyr?ér
metaphosphate were not ss satisfactory as orthaﬁhosphate
or monc, di-or tricaslcium phosphate for chicks. Chapman
st al. (1955) compared dicalcium phosphate, phytin phos-
phorus and steemed bone meal as P source for suine and
found that P utilisation from phytin phosphorus was
poorest, Tillman and Brethour (1959§$£eported that

auailability of P from monocalcium phosphate was 58% in
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comparison to 37% in case of calcium phytate, and there
wars no significant differences in terms of apparent or
trus digestibilities of this element. Goodrich gt al.
{1967) reported that slementsl sulphur is better utilissd
in ruminants than sodium sulphate., Ammerman st gl. (1972)
found that the appar#nt agbsorption of Mg from rsagent
grade i‘lgfm:3 and feed grade Mgl and Mg50 in sheep ranged
from 52-56% whereas that from magnesits ore (NgCOs), it
was only 9=14%.

Fisher (1878) did not find any sffect on plasma
P levels or on faecal P excretion uhile comparing the
four supplemental forms of phosphorus: m;no-calcium
phosphate, dicalcium phosphate, monoammonium phosphate
ang mono sodium phosphate, However, the digestibility of
acld detergent fibra fraction was 59,2% for monosodium
phosphate compared to 56,.,5% for monoammonium phosphate.
The production of propionate was also considersbly higher
with mono sodium phosphate compared to other sources.
Brink and Steele (198S) compared tw Ca sources, lime
and dicalcium phosphats in the diet of ruminants to
provide 0,7% Ca and found that post ruminsl digestion
of starch and NDF yas significasntly higher in limestone
fed groups.

The influence of the chemical form of mineral
supplement on their availebility has also bsen demons-
trated for certain trace elsments. Mitchel and Schmidt
(1926} demonstrated that diestary ferric chlerids and

ferric ammonium citrete were more effective in raising
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haemoglobin levels of anemic rats than ferric oxide or
ferrous carbonate forms, Ammerman st al. (1967) shoued
that biological availability of Fe from ferrous sulphate,
ferrous carbonate, ferric chloride and ferric oxide was
in decreasing order in calves and sheep uhen svaluated on
the basis of tissue Fssg deposition. They further
suggested that lower sclubility of ferrous carbonate and
ferric oxide might be the reason of low Fe avallability

from these compounds. Fritz gt gl. (197C) determined the
ralative biological aveilability of iron from different
iron compounds and suggested that iron sources such as

ferric ammonium citrate, farric chloride, ferric sulphate,
farrous ammonium sulphata and ferrous fumarate were
superior vhen compared vith g standard source, ferrous
sulphate (Fes0,. ?Hzﬂ); whereas sources such as ferric
oxide, ferric orthophosphate, ferrous carbonate and sodium
iron pyrophosphate were found to be inferior, Bremner

and Delgarno (1970) also found that utilisation of iron
from iron phyta;a in bulls was inferior to that of ferrous
sulphate, farric citrate or ferric EDTA. Sullivan (1961)
atded different levels of various sources of Zn to the
basal diet of a-day old poults and found that In in
technical grade }ncos, USP grade 2inc sulphate (ZnSDQ.?HZD)
was more readily available than reagent grade chlz;

while Zn from zinc oxide and zinc sulphate (Zn504.H20)
both technical grade were relatively unavailsble. Seal
snd Heaten (1983) studied the chemical Factors affecting
the intestinal absorption of Zn in rsts and found that



the uptake from gut segments varied with the form of

inorganic salte used. They found that the upteke was

2 > angao D.U‘y Lt_ ﬂo
{1958) described an drally adninistered heavy pellet made

in the following order Zn504>'1n21

of cobalt oxide and clay uwhich remains in the reticulo-
rumen for saversl wonths and relsases Lo at a rate slou
enough to meet animal's requirement. Smith and Loceld
(1957}, Beacksr st al. (1965) have rsported that the
carbonate, chloride, sulphate and nitrate fomms of cobalt
have all bsen proposed to be satisfactory dietary sources
of Co, but becausa oﬁ/certain desirable physical charace
teristics, cobalt carbonate is the source of choice in
feed industry. Chapman and Bell {1963) have suggested
that both the physical characteristics of compound and
biglogical value of CLu, cupric sulphate was the most
guitable source for dietsry supplementation. Physical
characteristics sometimes become important consideration
for feed manufacturer in selecting a compound as mineral
supplements. Bandemer gt al. (1940) compared the biolo-
gical availability of Mn from 'Rhodocrosite’ (a natural
ors of Mn) end precipitated menganess carbonate, and
found that even at high levels (125 ppm Mn) the former
source was completely ineffeactive in preventing perosis
in chick whareas at 40 ppm Mn supply through manganese
carbonate, perosis wes completsly prevented, They
sugoestsd that the difference was because the one was

soluble in dilute HC1l at high temparature, uwhersss MgCG3
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was readily soluble in cold dilute HCl, These findings
further indicated that it waes not the presence of
extrenous material such as silics in the ore uwhich was
respongible for the low availability of Mn, but the
reason lied in its soclubility. Although, biological
availability assays for Mn have not bean conducted in
ruminants, but manganéso-cither aes chloride or sulphate
may be effective sources of Mn for cattle (Bentley and

" Phillips, 1951; Rojas ot al., 1965).

2.11 lntepactions dnfluepcing calcium angd phosphorys

Apart from the absolute quantity of dietary
supply of Ca and P sither through feed or mineral supple-
ment and ths chemically available forms of thess mgterial
elaments as discussed aarlier, the utilisation of Ca and
P is also undsr the influence of number of factors, The
factors have bgen discusgzed as:

(i) Ca and P interaction gnd significance

of CasP ratio.
(i1i) Interaction wvith other mineral elements.

(1ii) Interaction with certain organic nutrients

(1) Calgium gnd phogohorus interactiogns
apgd significance of CasP ratiom-
]
Certsin studies suggest that calcium status

of animals determine the major regulatory influence on
P turnover, mostly mediated through hormones. Uhile
parethyroid hormone (PTR) increases salivary F concen-

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



stable largely by mobilisation from bones (Krowfield

at al., 1976). There is a negative feedback of blocd Ca

oL

level on PTH gacretion. However, variabilities of plasmai'

P levels ceses no change of PTH sscrstion (Sherwood st gl.,
1968). The action of PTH on bone rascorption is dependent
on the presenca of 1,25-dihydroxyvit, D metabolites

{Omdahl and DeLuca, 1973) and is inhibited by calcitg?in
of thyroid gland (Rasmuseen and Tenenhouse, 1967). At
high Ca intake thers 1s depression in production of
1,25(BH)203 and consaquent reduction in P agbsorption
{Deluca and Schggas, 1876). Cﬁnu$rsely wvhen dietary Ca

is low, theré is an increase in production of 1,25(UH)2—D3,
absoarption of P, secretion of PTH, galivary P concentra-
tion, and mobilisation of P from bones to soft tissues
(Deluca and Schnoes, 1976).

Liberal supplies of vitamin O rsducea the
\significance of adverse CaiP ratic and snables the animal
to make best use of limited intake of these minerals'
(Borle, 1974). A dietary Ca:P ratio betwsan 131 to 2:1 is
belisved to be idaal for growth and bdna formation since
this is the ratio of the two minerals in the bones (Kearl,
1982}. Howevsr, ruminants can tolerate a wide range of
Cai: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 £a and there is no
strict regulation influence on P (Wise et 21.,, 1963). But
the P raquireﬁents must be met adequately. In the same

study ratio of (s and P beyond 7:1 decreasad feed utilisas-

4
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tion and growth rate significantly. 3Similarly the ratio
of Caz:P lower than 1:1 in the diet of beef cattle had
shown more serious adverse effects in tsrme of daily gain

and feed efficisncy (Wise st al., 1963).

(ii; lpteraction yith gther minerals:-

Studies indicate that several other mineral
elements are known to influence the asbsorption and utili-
sation of Ca and P in the diet. In such interactions
the effects of L1, Zn, Mg, F, NHQCl, Fe, Mo, Cu, Al, Be,
and Mn have already been investigated. .Lomba et 231.(1978)
observed that chloride and sulphate tended to stimulate
Ca digestibility. Ffeeding of high levels of In to lambs
was fFound to depress the net retention and true digesti~
bility of distary Ca and reduced the P zbsorption
(Thompson et gl., 1959). Ca and Mg are similar in many
respects and there is an evidence in monogastric species
that Mg may replace some Ca when it 1s lost from bone
(Fontenot end Church, 1879). 4#dding 100 ppm F in drinking
water depressed Ca absorption in calves (Ramberg et al,
1970} . Supplementing of calves with NH,C1 increased
absorption and urimary excretion of Ce and decreased
urinary pH (Braithualte, 1972). Addition of Cu or Mo in
the form of copper sulphate and sodium molybdate resul ted
in marked decrease in the urinary P excretion (Shirley
et al., 1950). High Fe levels (1000 ppm) in the diet of
cattle were found to have some depressing sffect on the

plasma P levels ahd alsc tended to decrease its apparent
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absorption (Standish st al., 1971). Mineral elements like
Al, Mn, BE and S are also knouwn to influence P utilisation

and absorpticn as reviewasd (Jacobson et al., 1972).

(iii) Interaction with orggnic nutrjents:—

The availability of Ca and P sre also influencad
by the presance of some minersgl Pinding agents in the dist
which might decrease the absorption in the gastro-
intestinel tract. Presence of high amount of oxalates in
paddy straw render the Ca unavailable by forming inscluble
Ca-Oxalate in thae gut (McDonald et gl,, 1981}, The
insoluble phytatas which are found in soyabsan meal, cotton
seed, sunflower sesd and seasam seed cake bind with P and
cartain micro~elements like In by forming insoluble
complexes which are difficult to asssimilate (Georgieviskii,
1982). Dietary fat was showd to have a depressing effect
on Eetggilisation by ruminants (Tillman and Brethour,

195&9 due to the formastion of insoluble Ca scaps in the
gastro-intestinal tract (Aoberts and McKirdy, 1965).
Lactose and other sugars were found to stimulate absorp-
tion of Ca and some amino acids in some species, but the
mechaniem is not clear {Fontenot and Church, 1979},

Stilling st ). (1964) have shoun improved
retention of Ca and P in animals consuming high N foragss
as compared to lou N forages, even though La intake was

&1 ) [
less, Wadsworth and Cohsn {1976) have suggestsd that

RN

sui table response to P supplesments canh only be anticipated

if intake of other nutrients like protein and energy are
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adequats, Supplemsntation of P alone to a diet low in N
content is able to provide little stimulus to animal
production system (Cohen, 1976). The rol‘ of vitamin O
in absorption and assimilation of La and P has already
been digcussed. Massive doses of vitemin 0O uere found to
cure 'rickets' and improve P retention in sheep (Ewer,
1951) and incresase Ca and P absorption in cattls (Conrad
at gl., 1956; Breithuaite st gl., 1972). Certain
synthetic hormones like estrogens (disthylstillbestrol),

ban Lmelosl L f
progesterocne or hexestrol were found tofqgg abeorption

of Ca or P or reduce their urinary excretion(Whitehair

ot al,, 1953; Shroder and Hansard, 1958; Bralthusaite
st al., 1972).

2,12 Uga of chelating sgents o ralation
Yo minegral availability

A vary controversial aspsct in the claim
about better absorpiion of mineral slements by using
chelated supplements nnadé further investigation,

In the digestive tract, different mineral
elements form new bonds with various organic subgtrate.
The strength of ths bonds depend not only on ths nature
of the element in question but also on the nature of
complexing substrates generally called the 'ligands'.
Chelates, which are internally complex compounds,
ars found betuesn metal end ligands due to primary and
secondary forces of valenclies caused by the prassnce
of N, 0 and S atoms in the ligand (Georgievskii, 1982).

Thess slements have slsctron pairs uhich are capable of



conmpleting the slectron shell of the central metal ion
by forming coordinates linkages (Chernavina, 1970). There
are claims that by chelation, the activity of the
elemants in such complexes become 105-107_timss enhanced
than the activity of the metal in jipnic state giving
beneficial effacts to the organiem (Chirnavina, 1970).

Many elemsnts, Ca, Mg, Zn, fe, Lo, Ni, Cu, Cd
and Hg, ars known to form complexes with variable ligands
such as amino acids, pelypeptides, porphyrin, hoEE@cyclic
compounds, organic acids like aminoacetic, oxalic, citric,
melic, formic and phytic acids and EDTA. Natural feads
with strong chelating property include dry malt residues,
mclasses and sbys, cotton seed, sunflower seed and s&aasam
seed cakes which contain insaluble phytates(Georgievskii,
1982).

Thus chelates function in two opposite ways
in the digestive system:(i) they augment the deficiency
of element in qu-stxon by making them inscluble and thus
unabsorbablt (11) they enhance the utilisability of the
element by 1ncruasing the activity in comparison to the
ionic state, Probably due to strong stability censtant,
the ch-lats-picks up the metal iong from ths fesed and
trangports 1t through the intestinal wall and the tissues
in better way. The stability of complexes formed by a
lanlont metal ion and a ligand is governad by ths
acids of mltallcation.

Ca ¢ Mg < Mn< Fe < Co < Ni L' Cu < 2n
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Stgble bonds ares formed only by hard acid with ha{d
base or soft acid with soft base but wesk bonds sxist
betuesn hard acid and soft base or vice verss.

Mostly confining their studies to pig and
poultry, many researchsts clasimed enhanced assimilation
of distary microelemsnts by edding strong chelating
agents (EDTA, ominoacetic acid derivatives and amino
acids) and by prechelation of the minsral slaments.
Thus, Cu gets deposited in liver to a greatsr extent,
when fed in the form of amino acid or peptide chelate
than as copper sulphaste (Kirchgessner and Grasaman,
1968) . Similar findings have also besen reported with
Zn end EDTA (Kratzer at gl , 1959,; Scott and Zeigler,
1963; Kratzer and Starcher, 1963). Uuhile the
advantagepus affect vas due to snhanced absorption, no
sffect wes shown on the patitern of In sxcretion or OM
digestibility in goats and calves (Powell 8t gl,, 1967;
Miller ot gl., 1968 and Hisrs s% al., 1968). In wvitro
studies with ruminal buffers indicatead marksd increass
in solubility of Mn, In, Fe and Cu chelated premix
mineral supplements than three different sources of
commercizl minersl mixtures in unchelated forms (Foll,
1966a) . In sepsrate studies, thesy suggested that ip
prasence of molasses in diet of stears, the splubility
of Mn, Fe and Zn uith chelated supplemants was 40«50%
but with unchelsted sulphate galts of the minerzl slsment.
the solubility was depressed to 4=7% in pressnce of
molasses than without it (Foll, 1966h).
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Studies with Ca availability in presence of
chelates are vary scanty, Forbes (1961) observsd that
addition of EDTA to soya protein diet of rats showed no
influsnce on Ca and Mg balance and deposition in bones
but helped in better Zn retention and body wt. gains.
They also suggested thgt COTA complesxed with certain
minerals in acidic pH of the stomach and got dissociated
in alkaline pH of the intestine for bettar sbsorption,
Certain svidences suggest that better sbsorption of
EDTA-2n complex then protein Zn complexes found in fesds
might be dua to smgller molecular size of EO0TA-Zn complex
facilitating its absorption (Darwish and Kratzer, 1965).
Under the circumstances, it was considersd necassary to
study the influesnce of EDTA supplementation on Ca distri-
bution in rumen, its flow and utilisation together with
the influence on the utilisgtion of other mineral ele-

ments from prepared mineral mixtures,

The literature cited above suggest that various
mineral supplemants have different potentislitises in
supplying both major and trace minergls. Such potentiali-
ties do not nacessarily depsnd upon the chemical composi-
tion alune but also on the ruminal environment uhere nav
complexations may form. The different chemical fomm,
pH and solubility of minerels influsnce the availability
in the G 1 tract, Sometimes different forms alsoc
influences the utilisatiﬁn of other nutrisnts, Such

gsituations in the rumen with differsent minsral supplement
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source need detsiled investigations., In the invasti-
gation proposed the possible alternative sources of
Ca and P supplemenis are contemplated for study in

comparison to a standard source,



CHAPTER=~111

SCANNING VARIOUS ALTERNATE SDURCES OF
Ca AND P SUPPLENENTS FOR USE IN MINERAL
MIXTURE FOR LIVESTOCK




EXPERIMENT.I

In India, minersl sixtures for liveetock feseding
are marketed under various trade names and the guality
standards of such products ars regulated according to
spacification of ISI (1962,1968 and 1982). Mostly dus to
cost congiderations, Ca and P sources in minersl mixtures
are included in the form of ores, rocks and other locslly
available natural seurces. Apart from compesitional
variabilities in such sources, pressence of potentially
toxic levals of one or more mineral slements (Ammerman
2t al., 1977) may limit the use of such ingredients. ISl
standards (1982) recommended the use of bone meal, chalk
powdsr and dicalcium phosphate as Ca and P supplements
in mineral mixtures. With the development of ingustry
and svailebllity of industrial wastes, thers are posai-
bilitius of using such uaste materiale also as Ca and P
supplements for liveetock feeding, provided comppositional

charscteriatics of such materials are satisfactory,

3.1 R NQ_METHODS
3.1.1 Lelleckion of aamoles

For this experiment csrtain conventional and
unconventional materisls such as Dicalcium shosphate{DCP),
rock phosphate, Mussortis rock phosphats, fertiliser grede
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supsrphosphats, NPK fertiliser, Kiln dust, gypsum, phospho-
gypsum, chalk pouder, marhle, lime, lime sludge uasts,
filter press mud waste, fly ash, galei aitili.kheris mittis
and plaster of paris wers tollected from various ssurces

{(Tabls 3.1).

Table 3.1 Sburcca and asmpling of conventional and
non-conventional Ca and P supplements

5 No,.of

H;. Supplouunﬁs somples Sources
1. Gypsum : 3 i) Haryena land teclamation

office, Kernal
ii) Centrel Seil Salinity Res,
Ingtt, ;Karnal
iii) Shupindra Cement Works,
Syrejpur, Ambals

2. Phosphogypsum 1 Hindustan Capper Ltd,,
_ | Neow Delhi _
3. Rock phosphats ore 1 Gsological Departaent,
Punjab University,
Chandigarh
4. Muassorrie rock 2 Pyritss,Phosphates &
phosphate Chemical Ltd,,Lucknow,U.P,
5. Superphosphatse 2 i) Hindustan Coppsr Ltd.,
- Naw Delhi

i) Sri Ram Fertilisers ans
Chemicel e, Naw Delhi

6. Dicalcium phosphate 3 i) Rudrs Trasding Corp.,
' New Delhi

1i) Kakkar Enterprises,
New Delhi

'131) Locally procurse

7. Marhls pouder 2 i) Maheshwari Chips Udysg
Ltd.y Shashdhara Road,
Dehradun, U,P.

1i) Locally procursd

* b .Contd.
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....mﬂtd.(Tabl. 3-1)

8. Chalk povdsr 2 Locally procured
9, Lime 4 Locally procured
10.Plaster of paris 1 Locally procured
11.Pslal mitiie 1 =go-
12.Kharia nittie 1 ~ g0 =
13.Fly ash 1 Thermal Power Station,
_ HSEB,Penipat,Haryana
14.Kiln dust 1 ' Bhupindra Cement Works,
P.0,Surajpur,Ambala
15.N,P.K.fortiliaer 1 Locally procursd
16.Lime sludge 1 Ballarpur Paper Mills,
Yamuna Nagar, Haryana
17.Filter press iyt Sarsswati Sugar Mills,
waste 1 Yamune Nagar, Haryana

Efforts wers made to procure as many batch
samples as possible but in certsin ceses collection of

more than one batch sample ﬁas not possibls.,

3.1.2 Analyaia of Ssmcles

Dirfnrunt seWplss collected from various spurcss
(Toble 3.1} wers gnalysed in duplicate for Ory Matter (OM),
total ash, scig insgluble ash (AIA}, Ca, P, Mg as major
minerals and Fes, Fin, In, Cu and Co as trace minerals.
In addition, they were slso analysed for toxic slements

like Pb, Cd and F. Total ash and AIA usrs analysed by



the methad of ACAC (1970). Eesential minerals liks

fg, Fe, Mn, In, Cu and Co and toxic minerals like Pb

and Cd were ﬁlso snalysed with the help of AAS s
discussed in 3.1.3.2. F content in thees ssaples vas
estimated ss per the method of ISI (1975). Bafere the
dnternination of Cy and P was carried out in the samples)
a number of techniques described in 3.1.4 vers evaluated
on the Basis of recovery and comparative efficiency and
a sultables technique uvas sslected and focllowed for all

later datsmminations.

3.3

~Accurate determination of various minsrale of
nutritional aigniflcanci wae considered to e important
especially vhen wvarious non«conventional mineral supple~
ments are étipulatnd for use in feed formulations,
Thersfore, certein availakle methods wers carsfully
svaluated regarding suitability for selection of a

particular technique for snglyticsl needs,

3.1.3.1

CLa and P ars the two major minersle which ers

blended in mineral mixtures for liveetock and poultry in

the form of ngturally avalilabls sourcss such as dicslcium

phosphate, rock phoaphatse, bone meal, oyster shell, etc,
Certain commonly used unthnia.?o: detsrmination

of Ca in feeds are based on: (i) precipitation of calcium



oxalate (AOAC 1970), (ii) atomic abserptiocn spectro-
photometric technique (Aas), ond (iii) cresolphthalein
complexons mathod {Sarkar and Chauhen, 1967). Similarly,
- for detemmination of P in Teeds thes techniques which wvers
included in ths study included (i) titrin-trié procedure
‘based on formation of phosphomolybdate (ADAC, 1970 snd
151, 1975) and (ii) certain colorimetric ;recidurcs based
oh the devalopment of celour complexes, such as (a) with
.auind napthol sulphonic acid (Fiske and Subbarcw, 1925),
(#) with mp]yedate reagent (ADAC, 1988) and (c) Micro
method using hydroquinens as reducing egent (ACACL, 1975),
The relience of these mathods in determination of Ca and
P in minersl supplements wae tested by adopting follouing
procedures: (a) by runanimg recovery triel, and {h) by
repeating the eatimagtions of Ca ond P in certain samples
by different methods,

3.1.3.1.1 La_pecovery trial

Using chelk powdsr, th-'follaudng procedures vas
sdopted for carrying out the rscovery trial. Three
iuplicatn sate of cruciblens markes, A, B and C were taken,
In get A, B and C, 1 g of the samples in question was
accurately weighad., To ths set marked B, 5 ml of 10% pure
'CaCIZ { = 180 mg Ca) solution was added after drylashlng
at tempsraturs 500°C, vheress to the crucible agrked C,

5 ml of 10X pure CaCl,{ = 180 mg Ca) solution was mixed te
the samples before dry ashing at same temperature., The |
rmaining part of the procedure kspt the saene for all the
three sats of crucibles, HCl extract wvas prepared,

filtersd through Whatman Ko.1 filisr psper asnd vsshed until
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acid fres. The voluml_in sach case wvas made to 250 =ml.
In suiteble aliquets, Ca was setimated by precipitetion
of celeiym oxalote methad (AOAC, 1970) and with the help
of AAS. The tus methpus have bwen discucsed in datail
in 3.,1.4., Ths recovery pesrcentane values, as sstimptad

arts given in takle 3,2,

3.1.3.1.2 B raapysxx tzdal

For carrying out the P recovery trials by
different mathpds, 1 g aample of OCP uss accurately welighed
. in the three duplicate sets of crucivles marked A, § and C.
2 nl of 10X solution of disodium hydragen phoephate ( = 3Smg
P) was added in crucible marked 8 snd C respectively.
Aghing and axtract prepsration uas cerried out in the
sinilsr way as wae done in Cs recovery triasl, HCl extract
thus prspared vas used for the P estimation. The four
technigues employed for P deotemmingtion vers those
mentioned in 3,1.3.1 end hsve bean discussed in detail
in 3,1,4., Theas techniques uare eveluated on the baeis of
recovsty daﬁa and comperative efficiency studies cerried
out in aumbsr of ssmples snd a suiteble technigQue uas
selected for detemmingtion of P in different semples.
Recovery percentsge valuss by the four methods are given
in table 3,3.

The compaerstive evelugtion of efficiency of
different techniques for Ca end P determinstion was cerried

out on gypeum, lime, phosphogypsum, rock phosphsts, chalk
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pouder, sup@rphosphate and dicglcium phosphate samples

and the values sre presented in tsble 3.4.

3.1.3.2 Anpdxsba.sfainexal slspents gtbes than Lo and P

Essential minerals other theh Ce snd P like Mg,
fFe, Mn, In, Cu and Lo and toxic mineragls like Pb and Cd
wore enalysed vith the help of Pys Unicem S5P-191, flame
atomic absorbtion spectrophotometer (AAS) using the
standerd procedure ss given in the instructicn menual.
Acetylene ugs used as fue) while gir wes used as oxident.
Specific hollow cethods lamps vers used for the determi-
nation of individuasl elements., Conditions employed for
determingtion of different elementsg by AAS snd the

recoveries obtailned are given In tagble 3,5.

3. 1.4 Bathads yasd.fon the astdaation of Caand P
3.1.4.1.1 Sasabimakian. b precialiotion anihed(l131,1925)

Rgagents: B
i) Hydrochloric acid =~ 25% v/v
ii) Methyl red indicator - 0,03% in distilled water
1ii) ammonium hydroxide reasgent -~ 50% v/v
iv) Dilute smmonium hydroxide solution - 2% u/fv
v) Ammonium oxalate solution = saturated soln,
vi) Concentreted sulphuric ecid « ep.gr.1.84
vii) 041 N potassius permmangsnate solution
Brogegure:(i) Bragasation of HCL fxkracks- Accurstely weighed
1 g of the maeterisl was moistemed with 2 ml of dilute HCl in
a 8ilica basin and then dried in oven at 100¢ 2°C for over-
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night., The semple wes then ashed in a muffle furnace

at 5504 10°C, The ash was taken in 40 ml of HC1l and
all.oued ta bpil. After coolilig, it uss filtered on
Whatman No.1 filter psper and the filterate wes collected
in 8 250 ml wimtric flask. The fosidue was washad with
~ hot wster until the filterete was acid free and finglly
the volums vas made to 250 mi mark,

LiasiodSation of Ca oxalatai~ 10 ml of aliquet of HC1
was taken in a basker. Enough distilled wetor was added

to make approximately 100 ml wolume. To this 2 drope of
mothyl zed indicator vas added. Enough ammonium hydro-
xide Tesgent ues sdded to bring doun the pH to 5,6 with
the appearance of brownish orenge colour, To this uvas
added 2 drops of dilute HCl solution such thet the slight
pink colour is devsloped with the appearance of ppt of
Ce~oxalate, This solution vas boiled slouly for the
granular formation of the ppt and sllowed to settle over-
night,

‘Next day the supernatent liquid wes filtered
through e sshless filter paper (Whetman No.40) and ppt
was usshed with dilute samoniuam hydroxide solution, asnd
then thoroughly with hot distilled water, The filter
paper containing ppt of Ca dmelata was carefully taken
to alde of @ clean beasker and sbout 100 ml of distilled
uater and 5 wml of concentratesd sulphuric acid uai put
in the beesker. Tho sniution ves wvarmed to about ?D-BQ"C
Ad titrgted with
C.¥N KMnO, solution, ey

R,

mixing the ppt in scid solution,
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The Ca content in the semple was estimated,

based on the follouing equation:

1 ml of ?%- Kﬂn04 used = .002 g of Ca

3.1.4‘1.2 o 3

The estimation of Ce was also triua ulth the
help of Atomic Absorbtion Spectrophotometer using Acetylene
as fuel end air as oxidant in concentretion renges from
1«16 ppm. Proportional linear snelytical rnsponeo'uaa
observed in concentration range of 1«6 pps. Since
elements such as sluminium, berylliium, phosphorue, silicon,
titenium and mineral acids mask the response of Ca in air
acetylena flame (AAS menusl), Strontium a# strontium
chloride solution as demasking agent wes added in the
process of dilution of HCl extracts prepared in 3,1,4.1.,
such that a concentration of 0,2% strontium is schisved
in the test gamples as well as the standards, Similar
smounts of minersl ecids were sdded in the stendard, blank
and test aamplqa 80 as to releasse the masking influence

of mineral acids on Ces response (AAS manual),

3.1.4.2 Nethoda usad for P egtimation
3.1.4.2.1 P _egtination by grecinitation method (181,1975)

Regoentss(i) Concentrested nitric acid, AR,
(1i) Witric ecid solution = 2% u/v.
~ {441) Potassium nitrate eslution - 3% w/v
{iv) 0.1 N sodium hydroxide sclution.



(v) 0.1 N nitric acid solution
(vi) Phenolphthelein indicator - 0.1% w/v in
60% roctified spirit.

(vii) Ammopium molvbdate solytion:- About 400 wl
of distilled vater wee added to 100g emmonium molybdate
taken in a 500 ml stopperad messuring cylinder. The
contents were then shaken for 25 minutes to dissolve.
Ammonium hydroxide solution (25X w/v) wes graduslly added
until the molybdate soluticn became clear. Then sufficient
distilled water was added to mske up the volume 500 ml,

Procedures~10 ml aliquot of the HC1l extract prepared in
3+144.1.1 was taken in a 250 ml cepacity beaker already
containing 20-30 ml of distilled veter vamed st )} 50°C.
Phosphaomolybdate precipitation vas carried out by
simul tahsous addition of 10 ml of conc. nitric ecid end
10 m)l of ammgnium molybdate reagent to the beaker contgin-
ing aliquot of the HCl extract. The sample was immediately
stirred with 3 glass rod and ppt formed vas alloued'to
stand overnight,

fhe contents of the bweker yere filtered slouly
through Whatman No.42 filter paper, retaining the ppt in
the besker as far as possible., The ppt was wuashed tuics
with dilute nitric ecid solution and then with potassium
nitrate solution until the wvaeshings were free from aecid.
The ppt slong uith the Pilter peper was trensferred back
to the beakar and sufficient but knoun quantity of sodium
hydroxide solution was added with tha help of a burette
to dissolve the ysllow ppt. The volume of the standard
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sodium hydroxide solution used was noted, The contents
of the besker were then titratad uwith stendard nitric
acid solution using phenolphthalsin es an indicator. The
P content in the sample was calculgted by the fgllowing

Pormulae based upon the equation that:

1 ml of "“%— NeUH used » ,D0013S g of P

| . 336.75(AN, - BN_)
P % (on dry matter basis) e ‘ — #FTZ_

Where,

A = Tota)l velume of atendard sodium hydroxide added
to dissolve the ppt.

N1- nommality of the stendard NaDH splution wsed

B = volume of the standard nitric ecid solution
uged to neutrelise excess slkall.

uz = normality of the stenderd nitric scid usad to
nesytralise excess alksali.

m = welght of the material token

. _.”mn-namww u LiAREA S

Rogaopntsa:- ﬁqubmvmdato raag.nt - 10 Q of emmonium
molybdate was dissolved in 100 ®) of hot distilled uater

in a besker and cooled, In ancther hesker, 0 g of |
aamonium metavandate was dissclved in about 60 ml of hot
distilled water and cooled, 60 ml of 70X perchloric scid
was added gradually with constant stirring to mstavandate
solution., The molybdate solution was then slouly mixed

in metagandata solution in @ 500 m1 capacity volumetric
flask and volume wae mede upto the merk with distilled water
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EBrepazation of standaxd cugrvg:- Working stenderd solution
containing S0 ug P/ml was used for the preparation of

stgndard curve. A seriel dilution was prepared by pipetting
D.5, 1.0, 1.5, 2.0, 2.5 and 3 ml of this working standard
solution into six test tubes. The standard curve was
prepared by adopting the similer procedure as diacussed
below,

Proceduzgs~ Suitasble sliguot of the HLl extract prepared
(3e1.4.1.1) was taken in test tubes, to uvhich 2 ml of the
mo} ybdovandate solution was added and volume yas made to
10 )} using distilled water. It wes alloyed to stand for
10 minutes for the proper davelopment of colour due to
the frarmation of phosphomolybdovandate complex., The
absorbance resding wes taken in spectronic-20,speciro-
photomater at a wave length of 400 nm. P content of the
sample uas calculated from the standard curve as follows,

From the standard curve (Fig.3.1)

Ds45 0,0 = 150 ug P
If 0.0 of the sgmple is x = 3-:"%51 ug P

(1f the aliquot taken is '"a! ®l out of 250 a1l of the
HCl extract prepared by ashing 1 g of the sample)

then, P percentage in the sample = 159 X . 250 «100. -~
0.45 a 105

= 8,335 -2-
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3.1.4.2.3 P _gatination using hydsoauingne (A0AC.1975)

Reaggnte:- (i) Ammenium golxbdate solutions- 25 g of
smmonjium molybdete wee dissolved in 300 ml of distilled
vater, It a eseperste besaker 75 g of concentrated H2504

wae diluted with 200 ml of distilled water., Ammonium
molybdste solution was asdded to sta4 in e S00 ml volumetric
flaek and volume wves mads to the mark,

(1i) Hydroquinone aqlutiens= 0.5 g of hydro-
quinone ves dissolved in about 80 al of distilled wster

in a 100 ml cspacity volumetric flask. A& feuw drops to
conc., H2504 were added to retard oxidation before making
the final volume,

(1ii) Sodium sulphite solution - 10% w/v.

(iv) Stogk P eolution: This solution uas prepared
by dissolving 0.4394 g of pure dry KHZPD4 in distilled
water and diluted to mgke up the volume to one litre;

This sclution gives the P concentration of 00 mg P/litre.

Bzspaxaticp of slansiand Curye

The stock solution prepared above wes further
diluted to give working standard solution containing
50 ug P/ml. A serial dilutions were prepared using 2, 4,
6, 8 and 10 ml sliquots of the wrking standard solution
pipetted into five 50 ml capecity wolumetric flasks end
g stendard curve uwas prepared as per the procedurs given
below.
Procaguges- A suitable aliquot (0,5+5.0 ml) of HC1l extract
was taken to 50 wl volumetric flesk, to which S5 ml of
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ammonium molybdate solution wae added and mixed well.
After about 10 seconds, S ml eech of hydroquinone solution
and sodium sulphite solution were sdded to the volumetric
flask and volums wae made to the mark. The contents were
mixed well and sllowed to stand oxeetly for 30 minutes for
the proper development of blue colour which wes measured
at a wave length of 625 nm on spesctronic-20, spsctrophoto~
me ter.
Lalculgtiong:~ The P content in the sample was calculated
from the stendard curve as shoun below:

Standard cusve (Fig.3,2)
0.36 0000 = 200 ug P
Sey X 0.0, = n&gs x ug P

- 55505 X ug p

It the aliquot ueed is 0,5 ml out of 250 ml of the
HCl extract prepared from 2 g of the ssmple ashed,
then P (%age) in the sample |

| 250 x 1
= 555,6 x D5 x —1—6;— x J%L

- 13.88 X

Where, X 1s the 0,0, of tha sample.
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This method waa originglly designed for estimation
of inorgenic phosphorus in hlood serum after deproteining
1t with TCA., The protein free sarum Ciltrete was treoated
vith acid molybdats solution to form phoepho molybdic acid
uith P present in serum. Phosphomolybdic acld is then
reduced by addition of 1, 2, 4 aminc-naphthol sulphonic
acid (ANSA) resgent which produces blus colour vhose
intensity 1s proportionsl to smount of phosphate present.

This method yes also tried to estimate P in
minsral supplement extracts. The only modification vase
that HCL aitract describad at 3,1.4.1.1 ves used inetead
of TCA filtrat. as adopted in serum,

8saomnisi~ (1) Asmomlun molybdate.splution ~ 25 g of
swmonium wolybdete wes dissolved in 200 sl of distilled
wetor snd eixed with 300 m] of 10 H.HQSO‘. in s 1000 »l
capacity volumetric flask, The contents were well mixed
shd voluse was Bade to the mark.

(11) w:- Ds25 g of sminonapthol sulphonic
acid Ges dissolved in 195 ml of 15% (w/v) eolution of
sodium sulphite, teken in a gless stoppered measuring
cylinder. To thie, S ml of (20% w/v) sodium bisulphite
solution uss addsd sahd the contents were mixed well till
the ANSA reasgent is complstely dissolved. The contente
vwere traneferred to a brown bottle and stored in a cool
place.

(iii) TCA solution -~ 10X u/v.
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Preparation of stendard curyes~ Working standard solution
containing 50 ug P/ml was used for the prepsretion of
standard curve. A seriel dilution heving 2, 4, 6, 8 and
10 ml of the working standard sclution was pipetied out
into five different 50 ml volumetric flesks. The
procedure described below wae followed and a standard
curve was prepared.
frocedurei~ 5 ml of the ammonium molybdete solution was
added t0 a S0 ml volumgtric flask containing suitable
sliquot of the HCl extrect prepered. To thig, 2 ml of
ANSA reagent vas added and volume was made to S0 ml mark.
The contents were mixad wsell and allowed to stend for
5 minutes end abeorbance reading was taken in spectironic-20,
apqctfophotometer st a wave length of 625 nm.
Calsulations:

From the standard curve (Fig.33)
0426 q.D. = 200xug P

X

1f B.D?fsompls is x = ug P

—a40s
0426
1P the sliguot teken ia *s' ml out of 250 ml HCl extract
prepared by ashing 1 g of the semple;

x. 238 . . 100
then P X = 5?%? 10

- 19,23 3
a



3.2 RESULTS

3e2.1

3.2.13Calcium:

The results of Ca recovery trisl by (i) titri-
metric method, and (ii) AAS using 0,2% strontium as
demasking sgent have been presented in table 3.2. The
recovery psrcentags by these two methods vas found to be
88,9 and 90.0% respuctively when Cs was sdded before
ashing, end 87.5 and 93,9% when Ca uwss added after ashing.
This indicates higher recsovery by AAS method, Likeuwlse,
Ca content of the sight minsral supplements estimated by
these two methods (table 3,4) invariably showed higher
values by AAS method than the titrimetric method.
Thoreénra. the AAS mathod seemesd to be the moethod of

cholice for Lg determination,

3.2.1.2 Ehosahozug:

The results of P recovery trial by the four
methods (i) titrimetric method (1i) AOCAC (197C) using
phosphomolybdate reagent (iii) AOAC (1975) method using
hydroquinons and (iv) Fiske end Subberow (1925) have
baen presented in tgble 3,3. The recovery percentage
values of P by these methods was found to be 91,4, 94.3,
97.1 and 128.6% respectively, when external P yas added
beforo ashing, end 94,3, 94.3, 97.1 and 128,6% respectively
when P uas added after ashing. Tha dats in table 3,3

revealed that except for method (i)} the recovery values
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Table 3.2 Ca racovery trial

Particulaers r._.nmm:.h;.nm.n_ .E—-.rﬁeﬁ-l.l.t?ﬂ__
a content oCOVery a conten overy

(mo/9) (% (ma/ o (%
1, Ca in Caﬂﬂs semple 390 - 41 -
2. Ca added 180 - : 180 -
3, Total Cs detemmined 8§50 86.9 593 90,0

{semple ¢ Ca added
before ashing)

4. Totel Ca determined 547 87.5 600 93.9
(semple + Ca added
after aahingf




Table 3,3 Phosphorus recovery trisl

Titrimetric Molybdovandats Hydroquinons ANSA method
Perticulars me thod aethod as thod {(Fiske end
—F Reco~ " Reco= eco- | eco-

content very content very content very content very

(mg/g) (%) (mg/g) (%) (mg/g) (%) (mg/g) (%)

1. P in dicalcium 194 - 17s - 242 - 288 -
phosphste sample

2. P added 35 . 35 - 35 - 35 -

3. Totel P determined 226 91,4 208 94,3 216 97,1 333 128,6
(semple + P added RO an& - v A gt
before ashing) '

a. Totsl P determined 227 94,3 208 94.3 276 97.1 333 128.6
(sample + P added T el Qe 1

after ashing)
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were the sgme in both the cases, i.e., vhen P uas added
after ashing or before ashing, In case of method (i),
houever, the recovery wae higher (94.3%) when P uas sdded ('~
after ashing than vhen P was added ;éfn;e ashing. In

both the cases, the recovery was high, i,e,, 123.5% vhen

the determination vas made by Fiske snd Subbarow method.

P content of afght such materials, estimataed by the

four methods also gave similar trsnd, presented in tasble 3.4,
The hydroguinone method saeped to be the method of choice
bscause of P recovery approached 100% (table 3.3) and

bicau;e it uvas able to meesure P in concentration as low

as 0,02%,

e Lo and Bodotormingd by ARS

Minerals like Mg, Fe, Cu, Lo, Zn, Mn, Pb and
éd were estimated using Atomic Absorbtion Spectrophoto-
meter against the suitable standarde prepared ae per the
AAS-operation manual, The analytical c;nditioﬁa and
recovaery trials for individual elements have been present
in table 3.5. It wss svident that the technigque folloued
had enough reliance es the recovery % for different y
slements ranged from ;%:% to ;;;35%. The estimation of .. .
F was carrisd out by method of distilling hydrofluro-
gilicic acid and titration with thorium nitrate. The

recovery for F determination wae 109,3%.
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Table 3.4 Comparative estimates of cslcium and phosphorus content (X on DM basis)
in various samplew ag determined by different methods

P h :
Samples Titris r Titri- Molybdo- % ANSA me thod
metric metric vanadate quinone (Fiake and
method mathod Subbarow,
(ACAC (ADAC 1925)
1970) 1975}

1. Gypaum 13.06 14,03 D13 6.02 UQDZ nil

2. Lime 43.3 44,74 0,05 0.02 0.05 C.03

3. Phosphogyp sum 11.24 12.54 0,34 0.24 Ce 37 0. 40

4, Rock phosphate I 29,6 31,50 8,48 9,67 10.37 12,60

5. Rock phosphate I1 24,52 25.63 9.45 12.73 12,16 14.47

6. Chalk powder 38,98 41.52 0,12 0,03 0.03 0.02

B. Dical':il.lﬂ 30.00 31.55 20035 23018 29.57 30.81

phoephate

Figures ars averages of tuo determinations for the seme sample
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Table 3.5 Analyticel conditions and details of recovery trials in the
deteamination of mineral elements other then Cs and P estimataed

by ARS

———

Particulars

Mg Fe Cu Co In Mn Pb Cd

Vave length used for
determination ( A )

Effective concentration
range (ppm)

Fuel
Uxidant

Bacovary trial of different
slgments

(1) Concentration in original

sample (ug/g)

(1i)Quantity added to sample

before digestion (ug/g)
(iiiITotal concantration
ssmple + addition)
- determine d{ug/g)

Percent recovery

285,2 24B.3 324.B 240.7 213.7 2713,5 283.7 228.7

O0s1=0,5 1-5 1=5  045«3.0 0,2«1.2 0.2-1.0 $ O.1=0,5

- - -m—a’. P - e B S T vy 2 D S e,

1043 1150 F.s 35 219.0 30.5 83 2.0

1000 1000 10 20 w0 10 100 2.0

1997 2128 47.8 540 316.0 39.75 190.5  3.88
97,8  103.0 és.o 99.0 - 92,5 107.5 94,0

95.4

SN SN A v




The minersl compositional qualities determining
suitability of different conventional and non-conventional
sourcee for being considered se La and P supplements have

been presented in tables 3.6 to 3,10,

3.2.3.1 La souices
On reference to table 3,6 and Fig.3.4, it was

evident that supplements heving the carhonate and hydroxide
forma of Ca, i.6., 1ime, chalk powder, marble pouder and
filter press mud wasts vere low in AIA (/2%) and high in
Ca content ranging from 35-45%. UWhereas, the sulphated
forms of Ca sources, i.8,, gypsum shd phogphogypsum were
found to have Ca content ranging from 12 -~ 35.,6% sand high
AIA contant (12 ~ 40%). Although tha AIA contsnt of lime
sludge wsste was low, its poor Ca and P velues ascribed

no merit to these substances for being considered as Ca
supplement source. On the other hand, kiln dust uwhich

was poor in Cs content asnd high in AIA content also

seemed unsuitable for consideration as a source of Ca
asupplement, Similar was the situation with plaster of
paris, fly ash, kharia mitki and pelel mitti (table 3.7).
They sll were found to have low Ca content and high AIA
content, which disquaslified them as suiteble La supplement.
1t was observed from table 3,8 that samples of dicelcium |
phosphate, a phosphatic form of Ca were low in AIA(D.5%)
and high in Ca and P content (30% and 27% respectively).
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Teble 3,6 AlA, La, P, Mg and Fo content on percent DM bgsis of certsin calcium
supplempnts
) “No.of
Materials Predomingnt samples Ala Ca P Mg Fe
chemical analysed
form
Line Ca(oH), 1 1491 44,70 0,05 8426 0,07
Marble pouder CaCo, 2 0,95 38,50 0.04 G478 0.0S
(0-1,9) (35.4—41 5) (+03~408) (.10-.95) (+02-.08)
Chalk pouder Ca£03 2 0.32 0402 0.42 0,03
(.16=.48) (39, 5-40.5)(.01-.03) (. 25-5 6) (. ms— 045)
Filter press Ca(OH), 1 1.24 39,60 0.40 5.05 0409

nud waste

L XN N Cdﬂtd.



.o-oocﬂﬂtdo(T‘hlﬂ 3.6)
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i:ierials Predominent No, of

chemical saimples AIA Ca P Mg fe

form
Kharie sitti - 1 81,50 3.60 - 0,33 0,18
Gyp sum CaSO . 2H .0 3 33,40 21.50 0420 1.77 0,55
(12.1= 34.6)(14 9-35.6)(.01-.04) (481-3.30)(8.16-1 .03)
Phosphogypeum CaS0,.2H,D 3 41.70 12,50 0.30 0.06 0,02
Pelei ajttl - 1 67 .60 2.00 0,30 0.06 5.53
Plaster of Parls - 1 80.10 10,70 0.10 3.76 1.07
Lime sludge mainl 1 1 4b 12.50 0 2b 2,47 013
» - - [ »
vaste t:a(eafz | |
Fly ash Ferro aluming 1 90,20 1.00 0,10 0.11 De23
silicates o

Kiln dust - 1 34,2 16,40 - g.89 0e23

Figures are the average of tuwo setimations. '-' indicates not detectable,
The predomingnt chemical form of the materials wherevar knoun, have heen
montioned. Figures in parentheses indicate range.
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Teble 3.7 Mn, Zn, Cu end Co content (ppm) of certain calcium supplements

Materisle Ko, of "o In Eu Co
samples
anal yasd
Kharie sittd 1 23 14 5 -
Gyp sum 3 234 183 10 37
(53 -~ 435) {116 -~ 288) (0 = 15) (25 -« 40)
Pho sphogyp sum 1 12 14 25 -
golsd pltti 1 65 28 25 23
Plastar of Parls 1 151 56 - -
Lime sludge weste 1 76 Y ki 25 60
Fly ash 1 40 23 10 8
Kiln dust 1 66 17 5 10

Figures ere the svsrege of two estimaticns.

Figqures in parentheses indicate range

! indicata not detectable



=70=

Teble 3.8 AIR, Ca, P, Mg and Fe content (on percant DM basis) of certsin
phosphorus supplements

Materials Chemical No. of Ala Ca P Mg Fe
form samples
ahalysed
Reck phosphate trie 1 1.34 31450 10.40 4,40 0615
ores calcium
phosphate _ _
Mussorrie rock tricalcium 2 11,80 26 .60 11.72 2,70 1.76
phosphate phosphate (10.7-12,9) (25.6=27.6)(11. 28-12.16)(1.02 {(1.61
-4,37) ~1.9%1)
Super phosphate wonocslcium 3 14,40 16,75 10,89 0.99 G.41
phosphats {13.9-15.0) (16.0-17.3)(9.67-12.50) (0.67 (0.37
o -1,28) <0.45)
NPK-Fartiliser samonium 1 10,80 1.77 14,2 5.73 0.07
phoesphate _
Dicalcium - 4 056 30,41 27.83 0.66 0.1
phosphate (9.36-0.96) (28.3=32,6)(25,1-2946)(0.,27=1,04)(0.10=0.12)

Figures in parenthesses indicate range



Sasides, dicalcium phoesphate also contained fairly good
smount of Mg, Mn, Cu, Co end specifically Zn (Table 3.9).

3.2.3.2 £_30NI588

The mineral composition of certain unconventional
phosphatic forme of supplements like rock phosphats ore,
Mugsorrie rock phosphats, fertiliser grade esupe®r phosphats
shdiPK fartiliser have been presented in tgble 3,8 and
the values wers compared with those of diceleium phosphats,
which is a common and conventional Ca and P supplement.
The AlA, Ca and P content of thase P supplesunts have slso
bsen deplcted in Fig. 3.5. The rock phosphate, Mussorrie
rock phosphate and supsr phosphete had almost similar
P content but AIA contents in both super phosphate and
Mussorrie rock phosphate uers modsrstaly high., Calcium
content in superphosphate wss comparatively low. Although
NPK had moderetely high P, it contained little Ca and

£

nodezate amount of AlA,

The uwerious fomms of Ca and P supplements were
also scanned for Mg, Fe, ®n, Zn, Cu and Co as elements
of nutritional significance, anid Pb, Cd and F g8 toxic
mineral components., The results have been presentsd in
table 3.9 and 3.10. 1t wese evident that in My contaent,
line showed high status followed by NPK, Pilter prese mud
vastes and rock phosphate, It was interesting to nots that
P supplements like rock phosphats, Mussorrie rock ghosphate
snd superphoaphate uere conspicuously high in Mn, The



Table 3.9 Mn, Zn, Cu and Co content (pp‘) of certsin calcium and
phosphotus supplements

J

Material No.of Mn n Cu Co
sgmples
Lime 1 60 27 - 25
Marblie 2 24 42 5 31
{19-29) (29~55) (s) {30-33)
Chalk pouwder 2 170 33 - -
(150-190) (30-36)
Filter press aud 1 103 67 30 25
wasto '
Rock phosphate ore 1 545 25 - 20
Muassorrie rock 2 627 183 37 32
phosphate (622-633) (106~261) {35-38) (30a35)
Super phosphate 3 961 74 43 27
(776.1070) (57-108) {35-60) (15-35)
NPK fertiliser 1 26 637 20 5
Dicalcium 4 44 302 11 16
phosphate (31-62) (219-528) (5-24) (8~32)

Figures in parentheses indicate renge
'«' indicate not detectable



i B T

latter twoc sources were alsp high in Cu end Co. NPK and
dicalcium phosphate had high Zn content. Pressnce of Pb
end Cd in these samples rsfiged from O to 1.0 ppm and 0 to
S ppm respectively. The F content in rock phosphate and
Mussorrie rock phoephate renged from 1000-2000 ppw
(teble 3,10).

3.3.1

Before resorting to composiiionsl scanning of

different sources of Ca and P supplements, it wes tonsidered
desirable to have aﬁ appraisal sbout the comparative
reliance of cortain common snhalytical procedures to deter-
mine their suitability in estimation of minerel components
in different Ca ang P supplement sources, For this purpose,
two procedure were followed (i) recovery of Ca end P using
different techniques, (ii) relstive sstimation velues for

Cs and P in different supplament sourxces as obtained by

different methods employed,

303.%.1 Calclium:

Table 3.2 depicts Cea recovery by the two
techniquess uaing chalk powder as the Ca supplement source.
Recovery trigls were carriad out by titrimetric sand AAS
procedures. By uasing titrimetric technique Cs recovery

ranged from 87,5-88,9% irrespective of the fact thet
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Table 3,10 Toxic mineral content (ppm) of certsin calcium snd
phosphorus supplements

Materiale Nol,of Lead Cadmium fFluarine
samples
. —alalyged
Dicalcium phoasphgte 2 22 - 100
(2p-25) (25+17%)
Gyp sum 2 57 1.7 32
| {15-100) (1-2.5) (0=~65)
Phosphagypsum 1 25 1.0 -
& Limeg 1 50 2.0 -
Chalk powder 1 - .- -
Marble powder 2 56 2.4 -
{ 45-68) (243~2,5)
Filter pross mud waste 1 - - -
Rock phoephate ore 1 55 1.5 2000
Museorrie rock phosphate 2 82 1.5 1300
{1000~1600)
Super phosphats 3 61 1.0 670
(50-83) (0,8=1,2) (500-1000)
NPK fortilisger 1 15 5.0 -

*Ffigurii in parentheses indicate range
‘.’ indicate not detectable
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external Ca was added before or after ashing of the original
ssmple. Telpetra gt gl. (1940) had shoun 100% recovery of
Ca vhen tasted in animal feed sample. However, titrimetric
method vhen tested for mineral supplements gave lowsr velues
of recovery. FfFlame ARS is agnother common technique that can
be used for the estimation of Ca. But in this method, Ca
response is masked in presence of Na', K’, Al‘, 50:' and
POI++ ions end gets corrected by the uee of Lenthnum or
Strontium ae the demasking agent (Pys Unicem-AAS, Databook,
1976). Therefore, as described in 3.,1.4, Sr at the laevel of
0,2 in the form of SrCl, wes added to both the test semples
and the standarda toc teke cagre of demasking effect, Further,
variation in the proportion of mineral acids used while
mgking HC)l extract or during digestion also influences the
Cs response in AAS, Therefors, efforts were made to have
eimilar concentration of mineral scids in both standard

and test ssmples, Using this technique the recovery of Ca
by AAS method ranged from 2D£Q:?3.9%. it was, thersfore, '
faferred that AAS method with auifébla adiustments of
minerel acids and use of Sr as domasking agent had a better
reliance than the titrimetric method. Such inference was
also supported by the results presented in table 3.4 in
which Ca content in various supplements measurd@d by AAS
technique was alwaye higher than the values obtained by
titrimotric method. Thersefors in all subsequent measure-
mente, AAS mothod was considered as the method of choice

and uas employed to measure Ca in different supplements,
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3.3.1.2 Bhogghorug:

For the purpose of selecting suitable analytical
technique for determination of P in mineral supplements,

a titrimetric technique based on ghosphomolybdate precipi~
tate formation {AGAC, 1970) end three colorimetric technigques
ueing (1) hydroquinone (ADAC, 1975), (ii) amino napthol
sulphonic acid (ANSA)(Fiske and Subbarow, 1925) and

(11i) phosphomolybdate complex formation (ACAC, 1970) uers
tried, '

P recovery data (table 3.3) indicasted that although
hydroquinone method gave better recovery (97,1%) than malthsf
bdovanadate method (94,3%), both the methode accounted for
siniler recovery uhéther external P was added before or
after ashing., B8y titrimetric method, P recovery spproached
molybdovengdate method uhers P was added after ashing (94,3%)
but wvhen P yas added before ashing, P recovery was lowsr
{(31.4%). Since similer eshing techniques were folloued,
differance in the rscovery Valusa'by titrimetric procedure
indicates srrors in washing of the ppts In the titrimetric
procedure. But such differences were not svident either
by molybdovanadate or hydroQuinone method snd the determined
values sesmed to be subjected to less snalyticel fluctuations,
Agsin in Figke and Subbarow method the recovery wes 128,6%
irrespective of the fact wvhather external P was added before
or after ashing, indicating less changes of anslyticasl
fluctuations in the determined vslues, However, with this

procedure more than 100% recovery was cbtsined vhich indicated’
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that certain componsnts of dicelcium phosphate supplement
other than phosphotus slso uere capable of forming complex
with ANSA, mgking the techniqua less specific in so far as
ahalysis of mineral supplemonts were concerned. Fiske and
Subberowv method is basically mesnt for P sstimations in
bleood but if the ssme is to be ueed for other materiels, it
should ba standardised and checked (Lindberg and Ernster,
1956). Thus relience cannot be plaeced on this method.
Further, for most of the mineral supplement ssmples analysed
for P (table 3.4), it wes the hydroquinone mathod which

give maximum gnalytical vslues. The results suggeeted the * )

[
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suitability of hydroquinone sesthod which vas followed in

subsequent analysis.

The compositionel merit of eny minoral supplement
will be based on the fact that the supplement should have
many times higher concentration of aineral in question than

the levels present in common feads. In addition, the mineral

should be in available form and should be fr8eo from dele~
terious factors, In the pressnt investigation, compositional
quality of certain conventional sources of Ca end P supple-
manta vere compared with those of certain non-conventiongl
sourcea aveileble in the country eithar as industrial waste
material or other uncommon epurces, Chalk powder, lime and
dicslcium phosphate are some of the conventionsl Cs sources

for livestock end marble for poultry. The conventiongl P



sources 18 dicalcium phosphate. lq_na_ meal has not been
taken in the present investigation, The non~conventional
sources selected for estudy included marble, gypsum, phospho-
gypsus, rock phosphate, superphosphate, NPK fertilissr,
plaster of paris, kharia gittl, industrisl vastes such gs
fly ash, kilm dust, lime sludge waete end filtar press

mud waste.

3.3.3.1 Lalcium sourcesd

The high AIA content (34-90%) and low Ca (/16%)
content in kbaris mittl, pelel mitti.plaster of paris,
gypsum and phosphogypsum rendered thom unsuitable for being
considersd as Cs supplements. Dus to high concontrgtion of
Mg snd Fe in gypsum {table 3.6), this source merits consi-
deration as a Mg and Fe supplomont and not as Ca and P
supplemental source., But becwuse of high AIA content (35%),
sven its consideration as Mg and Fe supplement becomes of
limited value. The Indian Standerds Inatitution (1SI, 1981)
restricts AIA content o be 2,5-3,0% in Pfinal mineral
mixture, probably because high level of AIA influsnces
utilisetion of nutrients ond palatsbility. Asmermen 8t zl.
{(1964) suggested that high levels of AIA in the ration of
livestock depressed thes utilisation of P and certain other
micro-nuirisnts,

The carbonate shd hydroxide forms of Ca such gs
lime, marble and chalk povder are good Ca spurces. Lime |
was slso found to be rich in Mg, This suggests that lime
could be good alternate Ce and Mg source and in compoundim;;

mineral mixtures sround lime, the high Mg and low Fe conten
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in thias materisl nead ba taken into account, Gohl (1981)
sugoested thet calcltic 1imeatone contagined 36,4%X Ca and cen
safely be fed free choice mixed uwith salt to ljivestock.
However, due to MgCO, content {about 5% in dolomite limestone)
it should not be used in the fseding of poultry,

High levels of Fe in pelei mitti end high Co
content in lime sludge waste merited no significance as
they contained no other mineral of nutritional use in
sppreciable quantities to categorise themselves as & minsrsl
supplement.

The filter press mud waste, which is an industrisl
waste product of sugarcans mill had almost similar mineral
composi tien as lime (taeble 3.,6) end it contsined low AlA, high
Ca and sufficient Mg, Thus, filter prese mud vaste could be
utilismed uith sdventasge ae Ca supplement. Gobhl (1981)
suggestad that dried filter press mud weste could constitute
at least 50 percent of the concentrate portion of the diet of
runinants becsuse, epart from ealcium, it sisc contained
proteins and cerbohydrates, The filter press mud waste of
Trinided wvas shoun to contein 10.4% CP, 12% CF, 1,9% £E and
23.9% ash, uhercss Rotary filter mud of Mauritine contsined
15.,1% CP, 21,4% CF, 7.5% EE and 14.2% ash. However, the Ca
ang P content of the Mauritius variety were only 2.63 and
1,11% respectively (Devendra, 1977). Meade gt gl. {1965)
hao given entirely a different composition of filter press
sud which contained 4X Ca as C40 end 2,5% P as Py, with
16% protein and 14% fibrs. The filter prese mud semples

)

1
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analysed by Yem gt gl. (1983) contained 4.29% Ce, 3.87% P
shd moderste levels of Fe and Mg. These authors have also
indicated that composition of any Pilter press mud varies
greatly and depende upon the process used in the extraction
of sugar. The semples of filter press mud veete of Yamuna

Nagar sugar fectory were considered sultable a8 Ca supplement.

3¢3.3.2 PhosghOIng ROHECADS

The chemical composition of certain unconventional
phosphatic forms of supplements l1ike rock phoasphates ors,
Mussorrie rock phosphste (tricalcium phosphate as predominent
form), fertiliser grade superphesphate (monocslcium phosphate ;

as the predominant form), NPK fertiliser (smmonium phoaephate |
as predominant fom), and hDOIphogypaua (mainly selcium i
sulphate) uas compared with dicalcium phosphate, a conven-
tional Cg and P supplement. 151 (1962,1968) recommended the
use of dicalcium phosphate in mineral aixture, With a ,
moderate P content, and not very high AIA content, rock :
phosphate, Mussorrie rock phosphate and superphosphate may
be considered ss alternate replacement of dicalcium phosphate:
as P source in mineral mixture. The additiongl sdvantage is |
that these sources are invariably rich in fin, Cu, Co and 2n. 'm

Although NPK masy qualify as s P supplement on the basis of

its P content, low AIR and high ZN content, but its use may
become limited becpuse of high Cd concentration (S ppm).
Maynard and Loosli (1969) suggested that Cg and P
contaﬁt of rock phosphate vasried from 29-36% and 12-18%
respaectively end that Ca end P of rock phosphate and super-
phoasphate are sbeorbsble, They suggested high fluorine
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content present in these supplemente to be hamful. In

the pressnt 1nqsstigntion aamplea of super phosphate were
moderate in Ca in comparison to roék phosphste end Mussorris
rack phosphate. ALl the three were similar in phosphorus
content. Thae F content in these phosphates wee not higher
than 2000 ppm. Msynard and Locsli (1969) euggeatsd that
curacac phosphats vas aafo{ffhacauss it conteined J0.4X F,
Thus the samples of rock phosphate, Mussorrie phoephate and
superphosphate tésted had not high ¥ content, However, the
F content may vary in esmples from different aress and need
be checked before bsing incorporated in mineral supplements,
Further, Witt end Ouens (1983) reported that aveilsbility
of P from different sources of phosphates were not the same.
They compared phosphorus gveilebility from sodium phosphate
with monodicglofum phosphate conteining 21X P, ancthaer monc-
dicslcium phosphate containing 18.5% P end defluorinated
rock phosphate snd Pound P gvailgbility vere 100, 88, 62 end
A0X respectively. They ascribed the differsnces in svaile-
bility to the solubility differences of different phosphate
sourcegs in the rymen,

From ths findings presented, it could be concluded
that the carbonate, hydroxide and phosphate forms of Cs in
tertain sources like lime, chslk pouder, warble pouder end
filter press mud waste could be possible alternate sources
of Ca supplements becsuss of lov AlA, High AIA and low Ca
ahd P content in other sources like kiln dust, plaster of

parie, kKharla mitti end pelof mitid, 1imit the possibility
of their use as Ce/P supplements for livestock. Thus, lime,
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chalk powder, marble powder and filter press mud ( > 30% Ca
and J2.0% AlA) have potentliolity of being considered as
alternative scurces of Ca supplemants, whers rock phosphate
and superphoephate ( 11% P and /15% AIA) could be potential
phoephorus supplements, provided F content uas /0.4%,
However, actual use neesded to be confirmed on the basis of
s0lubility studied in rumén gnd availebility of mineral to

ahimals.
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Many mineral elements do not hgve similar solubi-
lity in diffarent perte of gastro~intestinal trect, Solubi~
1ity of any miners)l slement in the gastro-intestingl tract
is oan important criteries to assesa its aveilability to the
animal (Chicco gt gl., 1965). Thus, phosphorus from
defluorinated rock phosphats uas found to be leass soluble
and thus less availgble %o rumingnts, than P from other
sourcas such as dicslcium phosphate and monoealcium
phoasphate (Aamerwan gt al., 1957). Similerly, ferrous
sulphats and ferric chloride had higher biologicsl avelile~
bllity to sheep than ferrous carbonate snd ferric oxide
becasuse the latter tun tompounds uers lesa soluble scurces
of iron (Awnsrmen g} gl.s 1967). Certain rescarch findings
suggested that Mg from Mgl 1s more utilised by sheep than
Mg from dolomite limestone, becguse Mg from former source
is more soluble (Rehnems end Fontenot, 1983),

Solubility of any mingral in the gestro-intestinal
tract is related to the prevailing pH et that part of the
gut. Storry gt gl. (1966) Pound that Ce and Mg present in
the abomasal contents of sheep were in soluble form, wvhere
the pH ranged from 2«3, Uremnsr (1970) studied the changes
in concentration snd solubllities of In, Mn gnd Cu in the
diffarent perts of elimentry tract of sheep and found that
8 relationship existed betusen the solubilities of the
metal end pH valuess of the gut contents, This pattern of



change could be reproduced in witrp by adjusting the pH
of rumen and abomasal samples,

Keesping this background in viasw, the present
experiment wss plesnned to determine the in yitrp solubility
of Ca and P from different supplement sources in the condi-

tiong of changing pH of ruminal buffer.

3401 TERIAL ND METHODS

In vitro experiments wers conducted for studying
the ruminal solubility of Ca from verious Ca supplements
et different pH, The La supplements included gypsum, lime,
marble pouder, superphosphate and dicalcium phosghate and
the solubilitly data uere compared uwith those of purse CaCI2
(80H grade). For eplubility studies the procedure of
Witt and Owens (1983) with slight modification as described
belou was followed.

Each of the sources mentioned above and CaCl,
(control) was weighed into 250 ml conical flask to provide
50 mg Ca. A ruminal buffer splution was preparsd by mixing
strained rumen liquor (SRL) and McOoughall's buffer in the
ratio of 132 (McDoughall, 1948), A volume of 100 ml of
this mixture called ruminagl buffer solution, was added to
each conlcel flask containing weighed emounts of different
Ca supplements. The contents were well mixed and the pH
was adjusted to 4, 5, 6 and 7 using 0,1 N HC1l uwith the help
of ECIL digitsl pH meter. The asmount of 0,1 N HCl1l added in
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each of the flask was carefully noted and volumes of the
flasks maintained at different pH were equalised with

the addition of sultable quantity (few ml) McOoughal's
buffer. In a separate set of conical flask the pH ;; the
McDougall's buffer solution was al®o sdjusted from

4 through 7 by addition of HCl soc as to serve as blank,
Immodiately after the pH adjustment, the samples were shaken
for 1 hr in metabolic shaker water bath maintained at 39°C,
After allowing a mixing time of exactly one hr, 25 ml
aliquot in duplicate was withdrawn from each of the conical
flask, Aliquot I wae centrifuged at 16000 x g and ™
aliquot Il was subjected to dry ashing. Supernstant
obtained after centrifugation was diluted to 100 ml in a
100 ml volumetric flask, This was directly used for the
estimation of Ca by AAS by the procedure described in
3.7.4,1,2. From the values obtained, Ca present in 25 ml
of aliquot I was celculated. Total Ce present in aliquot II
was also estimated. The 25 ml sliquot was dried at
1001;2°C on ths waterbath, The dried material was ashed

in muffle furnace at 440+ 10°C. HCl extract of the ash

was prepared as described in 3,1.4.1.1 and Ca detoermination
made with the help of AAS by following procedure given in
3¢144.1.2., Ca was alsoc determined in McOougall's buffer

by follouwing similar procedure and the values served as
blenk. Supernatant obtained from 25 ml of buffer solution
and that present in the same volume of uncentrifuged buffer

golution was estimagted in the similar way.
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Ca solubility from different Ca sources was
estimated by the method given by Yano gt gl. (1979)

following the formulae given as under:

Amount of Ca present in the supernatant
Ca solubility obtained fggm 25 ml of ruminal buffer

in SRL (%) - k

Anount of Ca praesent in 25 ml of
uncentrifuged ruminal buffer(aliquot 11)~
blank :

P solubility in ruminall: buffer was studied with
materisls like superphosphate, Mussorrie rock phosphate and
dicalcium phosphate and the solubility dete wers compared
vith those obtained by using pure spdium dibhydrogen
phosphate (A.R.Grade). Each of the source tested wes
veighed in separate 250 ml conical flask to provide 50 mg
of P. The sasmples were processad in similar way as described
in trisl I (for Ce). The P content in different aliquots
(1 and 1I) was measursd spectrophotometry as psr procedure

described at 301.402.

3.4.2 _RESULTS

Materials like gypsum, lime, marbls, dicalcium
phosphate, superphosphate and rock phosphate were taken
for Ca solubility studies and compared with pure 83812



(A.R.Grade). The sclubility data of diffarent Ca supplsment
ahd pure CaC12 have been presented in table 3,11 and also
depictsd in Fig.3,4. 1t vas observed that either at pH 7
or at any other pH, Ca solubility from di?fefent chemical
forms of supplements was essentiaglly dissimilar, At pH 7
that is appruachihg normal ruminal pH Ca from gypsum showed
highest solubility of 23.0%, whareas Ca from dicalcium
phosphate showed least solubility, i.s8., 0,0%. At pH 4
thgt 18 near the abomasal fluid pH, C3012 showad highest

Ca solubility, i.,e., 98,8% uhereas dicalcium phosphate
sbewedsheael Co solubility, i.e., 32.6%.

Table 3.11 Ua solubility from diffsrent Ca supplements
in relation to ruminal pH

Supplement Predominal _  Calciwm s0 ty (%)

chemical -—-——---——-—-p el N B e e -
form 7.0 6.0 5.0 4.0
1. Calcium 83612.2H20 5.3 21.3 90,7 98.8
chloride
(“o R + Gtad.)
2. Gypsum _ 89304.2H20 23.0 24.0 73.0 91.5
Je Lime Ca(DH)2 12,0 14.0 34.0 62,0
4, Marble Ca803 5.0 4,0 13.0 39,6
5. Superphos- Ca(H2904)2 11.8 11.8  70.5 92,5
phate
6. Dicalcium CaHPD4 0.0 4.0 13.0 32.6

phosphate
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Materials like Mussorrie rock phosphate,

fertiliser grade superphosphate, and dicalcium phosphate
wvere taken for P solubility studies and the results were
compared with those obtained from pure sodium phosphate,
The results have beesn summarised in table 3.12 and also
depicted in Fig 3,5, Unlike solubility of Cs 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 sources investigated. 1t was
observed that either at pH 7 or at any other given pH,

P solubility from different chemical fomms of these
supplements was essentially dissimilar. Mussorrie rock
phosphate shouwed least P solubility (14-19.1%), uwhereas
sodium phosphate shoued the highest P solubility (86,5

- 90,0%). The resson for such differences in solubility
could be attributed to the influence of chemical form of
the supplement on P solubility.

Table 3.12 P solubility from different forms of P
supplements in relation to ruminal pH

Supplement Predominent  _Phosphorue solybilitv(®)

chemical form - e o e e wpHeveecnrawwnea
Za0 L0 2. 4,0 .
1.Sodium phos= NaH2P04 6.5 86.5 90,0 90.0
phate ‘.Roﬁrﬂde
2.Super phosphate catnzpu)z 55.9 55,9 55.9 58,1
3.0icalcium CaHPO4 40,7 42.4 44,1 44,1
phosphate
4,Mussorrie rock C33(904)2 16.0 17.8 17.3 19.1
phogphgte

These values are average of tw determinations
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3.,4.3 DISCUSSION

4s mentioned, solubility measurementes were
carried cut by the procsdure of Witt end Ouens (1983),
However, as suggested by Yano gt gl. (1979), the super-
natant in the present investigation was separated by high
speed centrifugation instead of by filtration, Witt and
Dwens (loc.cit) found that for P solubility studies 1 hr
mixing time wes optimum and that increasing the mixing
time beyond 1 hr had no adventage. Therefore, in the
present investigation, 1 hr continuous mixing time in a
shaker weterbath was followed. Further, in the present
procedure ncgggggg}l's buffer containing 50 mg P and
38 mg Ca per 50 mlﬁof buffer solution uas used instead
of Johneon's buffer containing 25.6 mg P per 50 mi. 1In
the calculation, to determine Cs and P solubility, the
contribution of Ce and P present in McOougall's buffer
was accounted for by making suitable blank corrsction
by determining Ca and P in the McOougaell buffer processed
in similer manner as the test samples. Yano et gl{loc.cit.)
also made similar blank corrections in their solubility
trisls,

Seluhility of Ca sourcos

Solubility data (Table 3.11 and Fig.3.4)
revealaed that Ca solubility from varioue Ca supplements,
such as, lime, marble, gypsum, dicelecium phosphate, super
phosphate and the control (pure calcium chloride) in
ruminal buffer were not similar at pH 7., At this pH of



the buffer, the solubility renged from 0O in case of
DCP and 23 in case of gypsum. 1t was emazing to find

that pure Call, which is highly soluble in water, showed

2
only 5.3% solubility at pH 7 in buffered ruminal fluid.
By sesling down the pH of the rumingl buffer from 7
through 4, the Ca solubility increased in all the csases.
In case of CaCl, it reached to 98,8%., 1t was further
evidont that 2? pH approsched thet of gbomasal fluid, the
chleoride and sulphate formms of La showed similar solubility,
The phosphate forms of Ca, superphosphate showed solubility
similar to gypeum but dicalecium phosphate showed only
32.6% solubility at this pH., At pH 4 marble (carbonate
form) and lime {hydroxide form) showed 39 and 62% Ca
solubility respectively. Storry gt gl. (1966) have
reported all the Ce and Mg present in abomasal content
of sheep wers in soluble form, where the pH was in the
range of 2-3. Bremner (1970} hes suggested that pH of gut
inPluenced splubility and availability of certein trace
elements, He studied the changes in the concentration
and solubility of Zn, Mn and Cu in the different parts of
the alimentry tract of sheep and found that a relationship
existed betusen the solubilities of the metal and pH of the
gut contents,

1t reaction of the gut influenced the solubility
of Co from different Ca supplemant sources to such a great
extent, it may be anticipated that the distribution of Ca

into soluble and particulate phases in the rumen and flow
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rates of the two phases from the rumen may influence the
rate at which Ca could be made eavailable st the absorption
sites lower down the gut., Therefore, diffsrent sources of
Ca supplemants, may not be of similar value sp far as
different Ca supplemant sources were concerned. Evidently,
there may be the nesd to modify the quantitative proportion
of alternate sources of Ca in a minarsl mixture not only

on the basis of composition but slso on the basis of

solubility and net aveilasbility.

Solubility of P _souzcgs:

Solubility data in table 3.12 end Fig.3.5
revealed that the aolybility of P from the different P
supplements such gs superphosphate, dicalcium phosphatas,
Mussorrie rock phosphate and pure sodium phosgphate
(control) varied greatly at pH 7. The solubility velues
were not influenced by the decrease in pH iof the rumingl
buffer solution from pH 7 through 4. fussorrie rock
phosphate shouing lowest P solubility of only 17-19%,
whereas pure sadium phosphate registered highest P
solubility, &arlier studies suggested that P from
different sources were not equally soluble, Chapman
8t gl. (1955) found that utilisation of Phytin phosphorus
was not good in comparison to other sources of phosphorus
such as dicelcium phosphate and steamed bone mesl, because
Phytin phosphorus was almost insoluble. Witt eand OQuens
(1983) compared four different fomms of phosphorus and
found that P from pure sodium phosphate, monocdicalcium



-9 2=

phosphate {containing 21% P), monodicalcium phosphgte
(conteining 18,5% P} and defluorinated rock phosphate
wes 100, 72, 4% and 29,7 percent soluble in jn vitro
rumingl buffer solution 1 hr after incubation. B8ut
different pH and incubation time ( > 1 hr) had no signi-
ficant effect on P solubility. They further suggested
that the method of P solublility in ruminal buffer could
be employed to indicate the ranking of different P

sgurcea for ruminants.



CHAPTER-IV

RUMINAL OISTRISUTION AND DISAPPEARANCE OF
Ca AND P WITH DIFFERENT SUPPLEMENT SQURLES




EXPERIMENT - 1 : INFLUENCE ON_CERTAIN Ca AND P SUPPLEMENTS
N RUMINAL OILSIRIBUTION AND OT GAPPEARANCE
BATTERR OF Co il P, AND. RUREN PEFE \ND_RUMEN FEED
J‘T“—“J_:_qg ABOLITES

There are reports to indicate the mineral
availebility to ruminants from different chemical forms
of mineral elements present in certaln mineral supplements’
are not similar and the availability does not depend only
upon total overall supply of the minerals in diet.
Ammerman gt gl. (1957) indiceted that due to lowsr solubi-
lity, P availability from dsfluorinated rock phosphate was
lower than that from dicalcium phosphate or steemed bone
mesl. Mg Prom dolomite limestone was only 14% available
as against 52% availability from pure Mo0 (Gerken and
Fontenot, 1967). If such differences in the avaeilability
of mineral elements exist, It is possible that different
chemical forms of minersl elements present in various
mineral supplements may influence the gut solubility of
the mineral in guestion and slso the distribution of the
elsment in soluble, particulate end solid phases.

Further, certain resesrch findings also suggest that duse
to different chemicel forms of Ca and P supplementation,

the normal metabolic profile in the rumen gets altered.



.y

Thus, Plumles gt gl. (1958) have reported that soft
phosphate of collodial clay as P supplgmant reduced feed
intake, Peed gain efficiency end lowsh blood P levels.
Krogger and Carrol (1964) found that d;.atary gyp aum
supplemgntation decressed the rate of passage of ruminal
contents through the gastro-intgstinal tract and caused
acidosis. Brink and Steele (1985) reported that lime
a8 a La source influenced the buffering capacity of the
Tumen snd slso post ruminel digesion of starch and NDF,

It was, therefore, considered desirable to
study the ruminal distribution aof Ca and P from certain
conventionagl and non-conventionsl Ca and P sources and
to study the rate at which these elemgnts leasve the rumen.,
In this study, the influence of materialg like marble,
gypsum, Mussorrie rock phosphete snd superphosphate wers'
compared with dicalcium phosphste as a source of Ca and e
P supplement to cattlsqéﬂufhe distribution end disappearance
pattern of Ca and P from the rumen has bagn investigated.
Further, the rumen-pH, ammonia-M and TVFA concentrations ‘
in the rumen liquor have been estimated 20 as to investi

gate their influence on rumen fermentation pattern,

4,1 [DRATERIALS AND METHODS

4,141

Four crossbred (Karan-fries) male animals of
about 2 years of age and weighing about 200-.250 kg
(table 4.1) were selected from the herd of the National Dairy
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Research Institute.

Table 4.1 Shouing detsils of experimentel snimals

Animal No, Date of 8irth weight (kg)
KF - 4357 1.5,83 200
KF - 4371 25,6483 238
KF - 4346 5,4.83 264
KF - 4364 7.6.83 240

Animals wers housed in individual pens and
maintained under stall fed conditions in a clean and
healthy environment. Ths stalls uere plastic psinted
to avoid licking of walls. Daily washing the animals
with clean uwater and disinfectents uas routinely
followed in order to control flies and other infection,
The animels werse dewormed using 'Panacure' from time
to time to keep them free from any worms infestation.
Clean tap water was provided free cheice tuics dally,

to maet their wster requirements,

Two stsge surgical operations were carriad out
to fix rumsn Pistulae in each animsl. Specially prepered
ice bags having a metsl plate st the outer eslesve wae
fixsd in the process of fistulation. A hard rubbasr tubing
was ingerted inside the ice bag so that inner sleeve
of the bag remained in perfectly expanded state making

the rumen air tight as far as possible.
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Special care was taken to maintain the fistulated
animals. Apart from keeping the“animals clean, the ruman
figtulse were checked daily for ;tégintactnass snd position,
Aﬁplication of 'Lorexsne' and a mixture of phenyl and
linssed oil (in the ratio of 131) around the rumen Fistulae
was routinely practiced biweekly in arder to keep them
fres from maggots. In case of maggot infestation on the
fistulated wounds, application of turpentine oil slone or

mixed with wesk tincture lodine solution was found very

effective in treating the animals.

The basal concehtrate mixture prepared by
mixing appropriate quantities of meize, groundnut cake
and vheat bran (table 4.2), supplied 20 percent CP
(16% DCP) ang 70% TON. Thess figures were calculeted
from the standard valuee given in ICAR Bulletin No.,25
(Sen and Ray, 1978). In addition, Rovimix as vitgmir
supplement, having the strength of B2,000 I.U, of vitamin A
and 10,000 1,U, of vitamin D per gm of Rovimix powder,
was mixed @ 10 gms/quintal of concentrate mixture, To
this basal concentrate mixture, experimental mineral
mixtures prepared with different Ca snd P supplements
{table 4,3) were added to respective batches for feeding

of animals.
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Table 4.2 Ingredients of concentrate mixture

Ingrediaents Proportion (%)
Maizs crushed 40
Groundnut cake 30
Wheat bran 30
Pr % £ t mj H

Based on the La and P content of various minseral
supplaments scanned (experiment-I, tables 3.6 and 3.8),
materials like dicalcium phosphste, gypsum, marbls pouder,
mussorrie rock phosphate and fertiliser grade super-
phosphate were selected as Ca and P source in the raspec-
tive mineral mixtures for jn vivo experiments,

Six differsnt treatment groups (Tb to T5) of
mineral mixtures were prepared (table 4.3) in a way that
only the scurces of Ca and P supplements was varied.
Group T0 served as nhegative control and contained no Ca
and P source, vhereas group T1 made with conventional
sources like dicalcium phosphate and chalk powder served
as positive control. The celcium and phosphorus sources
ware marble poyder and sodium phosphate in group Tz,
gypsum and sod, phosphate in group TS’ rock phosphate and
sod.phosphate in group T4 end superphosphate and sod.
phosphate in group TS' The guantities were so adjustesd

that most of the Cg and P needs were met from the first
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Table 4.3 Details of different Ca and P sources used
in the preparation of mingral mixtures

Treat- Ca/P source Ca& P Total supply j

ments used Qty(kg) of Ca andg P
t 3 per 100kg _
a of CONc.” through supple
o x ment in 100kg
* conc, mix. !
Ca(g) i) .
!
(-ve i
control) ;
T, Dicalcium 32.0 28,0 1.650 528 478
(+ ve phosphate |
Chalk povder 41.0 - 0.331 136 - !
control) 66 4 478 .
T Marble pouder 40.0 = 1.660 664 -
2 5pd.phosphate - 19,87  2.405 - 478 !
3 478 '
Gyp sum 16.0 = 4.150 664 -
T i
3 Sod.phosphate - 19,87  2.405 - 478 _ '
684 —48_
Rock phosphate 25,0 12.0 2.650 662 318
T4  Sod.phosphate - 19,87 0,800 - 160
662 478 {
T Superphosphate 17.3 9.67 3.838 664 372 -5
5  spd.phosphate - 19.87  0.530 - 105 !
664 477

In addition to the Ca/P source used, the follouwing ingredients
were used per 100 kg of conc, mix. for the preparation of
Sodium chloride 900 g; Magnesium
carbonate 90g; Ferrous sulphate 1.6g9; Copper sulphate 2.%g;
Cobalt chioride 1.5g; Manganese dioxide 2.,1g; Potassium

iodide 0,39 and zinc sulphate 7.5g. .

complete mineral mixture.

i LT _ L
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ingredient in the group and sodium phesphate was
used only to marginally balance the remeining P needs.
As evident from the table 4,3, all the test groups
excepting the negative control supplied same gquantity,
i.e., 6649 Ca and 4789 P in 100 kg conc.mixture and
the groups varied only with respect to the source.

To 8ll the treatment groups the supply of
other minsralg including trsce minerals were similar,
100 kg of concentrate mixture prepared with each treat-
ment group was fortified with pure chemicals as shoun
in table 4.3.
feeding gchedule:

Concentrate and roughage (uwheat strau) were
the same in all the groups. Tha experimental trest-
monts differed only with respect to supplementation of
Ca and P from mineral mixtures as the mineral mixtures
of different treatment group contained different sources
of Ca ond P supplements, The concentrate mixturs
prepared with the respectivs mineral mixtures uere
grouped in treatments T, to T; as shown in table 4,3.

The NRC feeding standards (1978) were followed
in preparing the fesding scheduls., Each animal wvas
offered 2 kg of concentrate mixture daily at 9,00 A.M,
and soon after its consumption whasat strew was provided
ad dibitym. The animals wvere fed in clean plastic
troughs 80 ag to avoid mineral contamination from
extarnal sources. All the four animals were fed under

the each trestment for a pericd of 21 days (prefeeding)
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at the end of which thes samples of rumen liguér/ruminal
contents/blood vere taken for 6 consscutive days for

the estimation of various parsmeters as described below.
This constituted one treatment group. All the four
animpls were then suitched over to the next treatment in
g switch over design in which again experimental pre-
feading was followed For 21 days and samplings were made

for next 6 days.

4,1.3 Exparimental _orocedures

After followling experimental feeding for 21 days,
samples of rumen contents were collected for (i) 2 conse-
cutive days for studying ruminal distribution of La and P
and (ii) for next tw days for ruminal metabolite, whore~
after (iii) the animals were switched over to ruminal
volume and ruminal fluid flow rata studies. Samples
wvare collected as discusgsed later under the respective

headings.

S 0 : t;
of Ca and P distzibution

Animalc were given 2 kg of experimental concentrate -
mixture a€cording to the respsctive treatment at 9,00 AM
followed by 2 kg of vheat bhoosa. luater was given
ag libitum strictly et 11.00 AM so that samples of ruminsl
contents could be obtained at 1.0C PM, i,6., 4 hrs after
feeding the concentrate mixture., For collecting the rumen
digesta, the ice bags were removed from ths rumen fisgtulae

and rumen contents were mixed manually by insserting the
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hand ingide the rumen, so as to be able to collect a
representative sample. About_S00 ml of rumen digesta -
sample wers collected in stoppered messuring cylindor.
from each of the Pigstulated animgle and brought to the
lab for further analysis.

Exocesolng of sumingl digagta and ealoulation
of distpibution of Ca and P3

The samples of rumen digests were filtered through
four layers of cheess cloth by pressing it hard so0 as to
sequeegze out as much strainad rum@n liquor (SAL) as possible.
The volume of the SRL gbtained from S0C ml of the rumen
di gests was recorded in each case and solid portion of the
rumen digesta left afPter squeezing was kept in oven for
drying at BD;;SOC for 24 hours. This portion of the
rumen digesta made the sampling for solid phase. The SRL
was used to sepsrate the soluble phase (suparnatant} and
the particulate phase {(residue). Ffor this separation
25 m) aliquct of the SRL was centrifuged at 16,000xg at
room temp. and supernatant (soluble phase) was presarved
in deep freeze for further snalysis. Ca end P concentra-
tions uwere maasurﬁd both in the SRL and the supernatent
as described in Chapter 111 (3.4.1).

Concentration of these slements in the
particulate phase (residue) waes calculated *by diffsrence
in the following mannsr:

Total Ca in supernatant from 25ml SRL = X mg
Total Ca in 25ml of centrifuged SRL = Y mg
Therefore, Ca present in particulate phase of

25 ml of SARL « (X = Y) = Z mg
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If 'A' is the volume (ml) of SRL obtained after
squeezing 500 ml of the rumen digesta, then total Ca
present in particulate phase in 500 ml of rumen digesta

can be calculated as:

- P4 A mg Ca
25

Similarly, the amount of La present in soluble
phase (i.e8., in supernatant) in 500 ml of rumen digesta
was calculated as$

- X . A mg La
25

Similar calculation for P distribution in
supernatsnt and particulate wes mada,

The dry solid portion of the rumen digesta
obtained was weighed and a repressntative sample vas
dry ashed, The HLl extract wes prepared as in 3.1.4.1.1
Ca was estimated by AAS 3.1.4.1.2 and P was analysed
3.1.4.2.3, Totel content in the solid phase of 500 ml
of ruminal digeste was calculated. Finally, the proportion
of Ca and P distributed in soluble, particulate and solid

phase of the rumen digesta was presented,

After tuo days sampling for ruminal distribution,
rumen samples were also collected for next two days while
kesping the animals on ssme feeding regime., Samples uwere
collectad 4 hrs after concentrate feeding as described

in 4.,1.3., Rumen semples were collected by means of a hard
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polythens tube. The samples were strained through a
muslin cleth to collect 100 ml of SRL in a polythene
bottle which was immediately brought to the lsboratory
for further analysis. The pH of the 3RL wes immediatsly
rocorded snd then few drops of N H2504 was added to
check microbial fermentation befors the samples were
transferrad to deep freeze for further analysis of some

ma tabolites.

pH:- pH uvas detarmined with the help of ECIL digital pH
meter (Model EC-5651).

Ammonja=Nz:- Micro diffusion technique of Conway (1962)
was followed to determine ammonia~N concentration in
SRL. In the outer compartment of conusy micro diffusion
cell, 1 ml of SRL was taken on one side, whereas another
1 ml of saturated sodium carbongte solution was tsken on
the other side. Finally, 1 ml standard boric acid
solution containing mixed indicator was placed in the
inner well and lid wvas fixed making the system leak
proof. The contents in the outer compartment were mixed
by gently tilting and rotating the micro diffusion unit
wvhereafter it was placed in an incubstor adjusted at
39°C and kept there for 3 hours, The contents of the
Inner chamber were then titrated using a microbiurette
against 0,01 N H §04 to a light pinkish colour., The
smmenia-N concentration wes calculated es:?

Ammonia-N(mg/100ml SRL) = ml of acid use x normality
of acid x 14 x 100
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Igt t TUFA):

The concentration of TVFA in SRL was estimated
by the method of Barnet and Reid (1957). 2 ml of SRL
alonguith 2 ml of oxalate buffer (Scarsbrick, 1952) was
steam distilled in a Markhem's distiliation spparatus,
About 100 ml of distillate was collected, which was then
titrated against 0,01N NaDH using phenolphethelin as an
indicator. TVFR concentration in meg/10C ml in SRL wvas
calculated as follows:

Uol, of Ng0H usesd x Normality
ml of SRL)

Partitioning of TVFA:

Individual VFA fractions were partitioned and
pstimgted with the help of Nucan gas chromatograph
series 5500 fitted with FID (Flame ionisation detector)
and stainless steel column {2 MX0,25 cms) containing
chromosorb-101, end uging nitrogen as the carrier gas at
a flow rate of 40«60 ml/minute.

Before injacting the samples into the gas
chromgtograph column, SRL was proceesed by the method of
Eruin et al. (1961). 4 ml SRL was mixed with 1 ml of 20%
metaphosphoric acid solution prepared in SN H2304.
Deprotonised sample of SRL uwa® centrifuged at 4000 rpm for
10-15 min., The supernatant thus obtained wes used for
monitoring through the ges chromatograph,

0,2 ul of this supernatant ves injected into

the injection port of the gae chromatogreph. The chambere



=105=

containing the column and injector were alreaedy equilibrated
at 180 and 220°C respectively.

A standard containing acetate, propionate and
hutyrate in the moler ratio of 60:30:10 was also run
into the gae chromatograph under the similar conditions,
as those of the samples. The standard peaks obtained on
the graph roll were used for identification and quantifi-
cation of peaks in the test semples. Differsnt proportions
of acetate, propionate and butyrste in the samples of SAHL
were calculated on the basis of respective peask areas as

shoun belows

Peak area = % x height of the peek x width of base line’

The disappearance pattern of Ca end P from the
rumen was calculated, based on the principle of dis-
appearance pattern of N from rumen, from varicus protein L
sources, as described in the method given by Loerch gt gl;J
(1983).

Disappearance pattern of Ca or P through rumen

fluid = Rumen fluid flow rate (1/hr) x mean Ca or P
concentration of rumen fluid (mg/1)

The rumen fluid flow rste (1/hr) of all the
animals under different treatments was calculated by esti-
mating first their respective rumen volumss, the methodology
of which has been discussed below. The concentration of
Ca and P in the samples of rumen fluid, i.e., SRL taken at

dirferent time intervale was estimated in ruminal fluid
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after ashing known amount of aliquot by the procedure
described earlier in 3,4.1.

Bymen fluid volume and flow rate:

Rumen fluid volumes of all the animals under
different treatmsnts were estimated with the halp of
polythylene glycol (PEB) of meol.wt = 4000 using the
method of Hyden (1956) as modified by Smith (1959),
Ouring rumen volume and flow rate determination the
feeding pattern was slightly changed. In order to
achieve steady state of rumen femmentetion, the required
gquantity of feed was divided and given at periodical
intervals. The animals were maintained in a steady state
condition af rumen fermentation as fer ss possible, by
offering them wheat straw and water distributed at hourly
intervals aond vas given immediately after the collection
of the rumen sample was made. The concentrate mixture
was offered as usual in the morning at 9,00 AM. A sample
of rumen liquor was 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 Fesding of concentrate mixture, For
better mixing of PEG, the rumen contents were stirred
manually and one hr was allowved as the mixing time of PEG
in the rumen as recommendsd by Smith (1959}, Thereaftsr
the samples of rumen liquor were collected at 1, 2, 3, 5
ang 7 hours after the infusion of PLG solution, and subse-

gquently storad in desp fr@eze for further analysis.
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Egtimation of PEG concentration:

The samples of rumen liguor were analysed for its

PEG concentration by the method of Smith (1959) which has

besn described below.

Regggnts used:(i) 2nS0, solution (5% w/v).

P

(i1)

(iis)
(iv)

(C.3N) Ba(UH)z solution,

4.7325 g of Barium hydroxide was
dissclved in 70 ml of hot digtilled
water and the volume was made to 100 ml.
2 solution (10% W/V).

TCA - 83512 solution. 75 g of the TCA

Ball

and 14.75 g of BaClz wers dissolved
separately in the tuwo beakers containing
100 ml of distilled water., The two
solutions were transferred to a 250 ml
volumetric flask and the volume was

made up. This gave the concentration of
TCA {30 percent w/v) and BaCl, (5.9
percent w/v). The mixture was kept

overnight and filtered before being used.

tan ve:

The procedure followed for the preparation of

standard curve is given bslou:
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Steps 81ank 1 2 5 4 5 6

1. SRL tgken{ml) 1.0 1.0 1.0 1.0 1.0 1.0 1.0

2. PLG splution 0.0 g,5 1.0 1.5 2,0 2.5 3.0
(25mg/100 ml)

3. 03N aa(m-l)2 2.0 2.0 2.8 2.0 2.0 2.0 2.0
4. 5% InS0, soln. 2.0 2.0 2.0 2.0 2.0 2.0 2.0
5. 10% 8aCl, son. 0.5 B.5 0.5 0.5 0,5 0.5 0,5
6. d.HO 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 ml ?{iffffa was
taken and to 1t was added 5 ml of the TC&/BaCiz solutzan
and 3 ml of distilled water so ags to make it 10 ml. This
wes left exactly for 30 minutes for the davelopment of
turbidity and readings were taken in a spectrophotometer,
spectronic~20, at 5S40 nm wave length. & standard curve

was drawn for different concentration of PLG against 0D

readings (Fig.4.1).

Calculations;
Iggmgfgdponcentration/1UD ml SRL was calculated
with the help of standard curve (Fig.4.1) ss follous:
From the standard curve

0.045 00 = 0.375 mg PEG
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For x QD - 04375 .x mg PEG/ml of SRL
(Vol.of SRLeiml) = (.045

# 8,33 x mg PEG/m1l of SAL

= B,33 x mg PEG/100 ml of SAL

Using the above standard curve PEG concentrations
for the Ffive rumen collections made at 1, 2, 3, S and 7 hrs
wae estimated. The values of PEG concentrations against
collection of 1, 2, 3, § and 7 hrs were plotted on a saemilog
graph paper end PEG concentrestion at zerc hr was extra-
polated. Rumen fluid volume was calculated at the time of
infusion of PEG into the rumen by making use of the
following equation:

Rumen volume (ml) = 100 . g

Where, 'b’ is the quantity of PEG (mg) infused into the
rumen, and 'a' ia the zero hr PEG concentration
{(mg/100 m1 SRL).

t ipn tg:

The ruminal fluid flow rate {1/hr) was
calculated from the values of ruminal volume (RV) and
exponential decline constant (b) in PEG conc.
by using ths following formula!

Flow rate(l/hr) = RV(litres) x b x 60

£a and P conceniration in Dlood gerym:
The blood uwas collected in clean test tubes

by jugular puncture. The blood samples were alloued
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to clot, The clear ssrum was separated out and

preserved in deep freeze for further analysis.

Serum Ca content was estimgted by the method
of Clark and Collip (1925) es modified by Sendroy (1944).
The serum P concentraticn was estimated by the method of

Fiske and Subbarow (1925).
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4.2 _RESULTS

4.2.% Mi mpositi a t
minergl wixtures:

The mineral composition of experimental
minsral mixtures T1-T5 prepared with diffFerent Ca and P
sources hagve heen presented in table 4,4A, Although
there was wide variation in the Ca and P contant of
different mineral mixtures, quantities either of Ca and
P per 100 kg of concentrate mixture were adjusted in a
way that the respective concentrate mixtyras supplied
the same quantity of Ca and P (table 4.§vand 4.{3).

Except TD the negative control Ca and P
content of different concentrate mixtures (T1 ta Ts)
varied in the range of 1.05-1.09% for Ca and 1.08~1.15%
for P, but TU cantaiii;l].Sai Ca and 0,56% P through khe
basal concentrate mixture. Wheat straw which was common
for all the groups, contained 0,26% Ca and 0.1% P.
There was only little variation in Mg, Fe and other trace
minerasls content in the concentrate mixtures under the

respective treatment groups.

4.2.2 Dry magtter, Ca and P intake of animalse

Average live wveight of animals and their total
dry matter intake have been prasented in table 4.5. The
mean valué for dry metter intake of animals in the six
groups were 4.557+ 0,112, 4.646+ 0,106, 4,902+ 0,098,
4,984+ 0,142, 4.519% 0,101 and 4,947 + 0.111 kg per day



Table 4.4&4 Mine

Co
T1 Dicplcium phosphate 86.48 0,15 21.69 16.01 1.37 0G6.2% 0,022 0.029 0.064 0.0%7
T2 Marble poudsr«+ 95,77 0.13 12,46 8.53 1.53 ¢.,17 0©.015 ©0.,02% 0,05 0,007
sod.phosphate |
T3 Gyp sum¢ sod. 86,36 15.05 B.78 6,08 6.91 0.12 0©0.015 0.031 0©.03% 0,006
phogphate :
T4 Rock phosphate 96,07 10.34 14,72 10.28 1.37 0.67 0.046 0,023 0,071 0.006
Ts SuparPhosphata 88,54 11.47 11.95 8.3 1.32 0,20 0.07% 0,022 0,045 0,007

Above figures are mean of tw determinations
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Table 4.48 Mineral composition of experimental concentrate mixtures
prepared with different sources of Ca and P supplements

Treat- Ca and P source : Néne:a] Egﬂﬂﬂﬁé ion
ments added to conc. o A1A La Cu Zn To

mix.

--------- Pegrcent OM basia—------------- --------ppm----—~~------

TD Nil 4,61 D.12 0.34 0.5 0,085 0.054 69 27 84 20

T1 Dicalcium 7.86 0.8% 1.05 1.08 0,087 0.074 79 25 81 19
phosphate

T2 Mgrble + 1112 0,14 1,07 1.12 0,082 0,076 75 26 83 17
sod.phosphate

Ty Gyp sum + 10,98 .78 1.09 .13 ©,096 0.084 75 27 92 21
sod.phogphate

T Rock phogphate 10,92 1.08 1.06 1.174 0,086 0,079 74 25 919 18

TS Superphogphate 10,12 0.88 1,08 1.15 D0.091 0,061 89 31 91 21

Above figur@s are aversge of two determinations
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using different sources of Ca and P supplements in concentrate
mixtures

- Egggx%,], - - ?Lﬁ?ﬂ_n_tﬂ_f_____ﬁ f=value
Particulars 0 1 2 3 4 S
(-ve) (+ve) (marblse) (Gypsum)} (Rock. {Super-
+ + phos.) phos.)
sod.phos. sod. phos.

(1J {2) A3) L4) {5) (6) (7) (8)
Average live wut. 238 241 238 234 236 232 0.18
of animals(kg)

DM intske {(kg)

Concentrate 1.731 1.718 1.725 1.734 1.742 1.724 -

Whe at straw 2.825 2.928 3.477 3.250 2.776 3,223 1.14
4+ 0.112 + 0,106 + 0,098 + 0,142  + 0.10% + 0,119

DM intake/100k 1.907 1.969 2.065 2234 1.910 2.130 1.26

body weight(kg + 0,051 + 0,053 + 0,066 + 0,077 =+ 0.054 + 0,063

se.ssCOntd,
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—

{1) {2) (3) (4) {5) {6} {7) (8]
ntake
Concentrate 5.88  18.04 18.46 18,90  18.46 18.62 -
Wheat strau 7T.34 7.61 8.26 8.45 7.22 8,40 -
Total 13.22®  25.65° 26.712 27.35°  25.69° 7.022 a1
20,12  + 0,13 20,16 >0,09 20,08 * 0,16
1 1)
Concentrate 9,69  18.55 19,32 19.59  19.85 19.82 -
Wheat strauw 2.82 2,93 3,17 3.25 2.78 3,22 -
Total 12.51%  21.48° 22, 49° 22.48Y  22,63° 23.062  3.96%

Values with different superscripts(a,b) differ significantly

Each value is average of four figures

+#0/0,05



-116-

respectively and differences were not significant (P > 0.05).
Ory matter intake per 100 kg body weight of animals under
the respective groups was 1,907+ 0.051, 1.969+ 0,053,
2.865+ 0,066, 2.131+ 0,077, 1.810+ 0,054 and 2.130+ C,063
kg/desy respectively. These differences were also not
significantly different (P ) 0.05). Intake of Ca and P
through concentrate, through wheat straw and total have
been pressnted in table 4,5, and it was svident that only
group TO(-va control) was shouwing significantly lower
velue of total Ca and P intakes than all other groups
which were statistically similar.

4.2.3

4.2,3.1 Rumen metgbolitegs

The average values for rumen pH, NHS'N concentra=-
tion and total and individus]l YFAs levels in SRL collected

4 hrs after feeding, have been presented in table 4,6,

Rumen pH:- Rumen pH in different trastment groups TG to T5
uera 60503 0009’ 6.20_‘! 0.13’ 5.54_'0'_ 0.06 N 6.55: 000?'
6.26+ 0,11 and 6.56+ 0,07, raspactitrely, were statistically

similar and reflected no influence of treatments.

Ammonig-N ='NH3_N concentration in the rumen liquor of

animals inm treatments TD to 1'5 were 11,83+ 0,90, 16,43+ 2,08,
16.31+ 1,63, 15.264+ 0,72, 12.03+ 1.32 angdg 17.85+ 0.69 mg/100ml
SRL (table 4.6). These values were statistical]y similar

in groups T,, T3 and Tz and also in the control group (T.‘)



=117~

but was significantly less (P/0.05) in group Té(rock
phosphate)} and Ta (-ve controlf, suggesting that rock
phosphate may influence N-utilisation.

Total volatile fatty gcids:~ The level of total VFAs in
respective treatment groups, i.s., TU-T5 wvere 9.65% 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, ﬂlthougﬁﬁhamiégwiouar values
“in grﬁup Ta(roék pﬁasphatéj and aQroup Ts(?upgyphOSphata),
~ the ruminal TVFA showed no significantﬁﬁféferenCEﬁ(P} 0.05)
indicatgg% that function of cellulytic Lrganisms in the
rumen may get affected by feeding certain sources of Ca
and P supplements in the concentrate mixtures.

The relative percentage of individual VFA's,

i.,e., acetate, propionste and butyrate also showed no

treatment effsct,

4.2.3.2 Lg and P levglgiin blood serum:

The average values of serum for LCa and P lsvels
under different treatment groups are presented in table 4.6.
It was gvident that serum Ca levels in treatments TD to T,
ware 10,90+ 0,41, 10,70+ 0.46, 9,25+ 0.38, 10.85+ 0.47,
9.352 0.51 and 10,20+ 0.42 mg Ca/100ml respectively.
Some depression in blood Ca levels in group Tz(marble) and
Ta(rock phosphate) uare;zzgnificantly differant (P > 0.05)
and values of blood Ca levels in all the groups uere

statistically similsr. The serum Cs levels in negative

and positive control groups, TU end T1 were also similar.
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Table 4,6 Rumen metabolites and serum Ca and P levels in animals under various treatments

;$n;gg; — ?}§g¥gggtg Fe
0 3 T2 3 ?4 __Tg value
(~ve) (+ve) marble gyp sum tock phos., superphos.
. + sod.phog, + sod.phos,
Rumen pH 6,50 6.20 6.54 6.5% 6,26 6.56 0.76
+0,09 0,13 * 0,06 + 0,07 201 * 0,07
Rumen NH =N 11.83% 16,437 16.31° 15,65° 12.03% 17.85° 3,470
(mg/100mf SRL)  +0.90 + 2,08 +1.63 + 0,72 +1.32 4+ 0,69
Rumingl VFA
(1) Total volatile
fatty acids 9,6 9,54 9.29 8,26 7.01 8,15 2.06
(meg/100m1 + 0,78+ 0,72 + 0.69 + 0.48 +0.59 + 0,73
SRL
(ii)Proportions of
YFas
Acetate 63.5 68.5 67.5 66,5 67.5 68.2 1.80
Propionate 25.7 23.2 21.8 24,2 23.7 22.5 0,77
Butyratﬂ 10.8 11.0 10.7 9.3 8.8 9.3 0.19
Serum Ca 10,90 10,70 9,25 10.85 9.35 10,20 0,48
(mg/100m1) + 0,41  £0.46 +0.38 + 0,47 +0,5 * 0.42
Serum P 8.61 10.28 10,36 10.86 9,79 B.36 2.07
(mg/100m1) + 0,12 *»0,18 £ 0,16 20,16 2 0.22 X 0,12
Values with diPferent superscripts (a,b) differ significantly 35[0.05

Each value is average of four ficures
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The serum P levels in different treatments

(Ty~Tg) vere found to be B.61% 0,12, 10,284 0.18,
10.36% 0,16, 10,863 0,16, 3,792 0,22 and 8.6+ 0.12 mg
P/100 m1 ssrum respsctively snd sll these values wers
statisticaelly similar. Although serum P lovels in
group Tﬁ and Tg (~ve control and superphosphate) werse
found to be slightly lower compared to control group(T1),
the differences were not significant (P >0.05).
4.2.4 Diatzibution of e and P in rusinskicontents

| " The distribution of Ca and P in soluble
(cantrifuqﬁd SRL), p.iticulota {centrifugats mess) and
solid phases (separsted solid portion) of thﬁ Tumen
digesta coliected 4 hrs after feading, have houa_pr-a-nt-d
in table 4.7,

4.,2.4.1 Galciyms
Ca rTenged from 6.9-9,4% in soluble phase,

6.3 to 11.4% in particulate phass snd 82,.9~66.7% in

s0lid phass of the rumen Q.lguta respectively. The
digtribution of Ca was lowest in the soluble phese of

run'o'n contents and had almost similar value in the
particulate phase also. However, CLa uwas mostly located

in the sclid phase of all the tro_atu.nt groupse. ‘Data in
teble 4.7 further revesled that in case of narb.l.s ahd rock
phosphate, the .d:latri.but'..ton of Ca in solubls aﬁd- particulate
phase of ths r&nn digesta was significantly higher as
compared to that in dicalcium phosphete (control).
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Table 4.7 Ca and P distribution (%) in ruminal contants of animals under various
tregtments
Cantag] Tiaments =
0 1 T2 | 3 4 Ts value
(=ve) (eve) {marble) (gypsum) (rock (super-
+ * phos phos)
. _sod.phos,  sod.phos,
{i) in soluble a ) b ab c b
pb.s‘ ) 6.9 ?.‘ 8.3 703 9.4 8.[‘ 5.93‘
(1) in perti- 6,3*  7,0° 11.4° 7.4%F 8,7° 8,02 6,12¢
: culsts phase . _
(1ii)in solid 86.7% 85.8° 80.5° 85.7% 82.9° 83.6° 14,07%
: pblss
Distgibution of P(X) .
(1) in solubls 45.5%° 37.2° 52,58 43.8° 29,349 39,57  26.52¢
phase : : .
(1i) in perti- 9.86° 5.0° 3,85° 11.8®  13,5° 12,59 11,51¢
culats phase _ . .
(1ii)in solid  44.7% 57.8° 43.7%  44.4° 57.2° 48,0° 11.54%
phase

Values with different suparscript;tn.bsc,d in the ssame line differ
. 0,0

significantly (P_[u oS

a«,jp( LL{“{{"L w@tt‘-"‘f L‘am‘""f N

Ap s Emang Ui
R L1 Aeiav?

(we, b RQ;, ""&
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4.2.4.2 Phogphoryigs
It was evident from tabls 4.7 that unlike Ca,

P was distributed to sufficient extent in soluble phase
and ranged from 29,3 to 52.5 %X in different trestment
groups. In the solid phass also there wes sufficient P
distributed and ranged from 43.7 to 57.8%. However, the
distribution of P in the particulaté phase vas lowest angd
ranged from 5.0 to 13.5%. Dats in table 4.7 further
revealed that distribution of P in the soluble phase

vas highest in cass of group T2 where marble and pure
sodium phogphate vere used ss Csg and P supplements and

lowest in rock phosphats group (T4).

4.2.5 Gk i and Phg

Ca and P concentrstion in SRL semples collected
at G, 1, 3, 5 end 7 hre after feadidg of concentrate
mixture are presentsd in table 4.8 and also depicted in
Figs. 4,1 and 4.2. There is no marked veriation in the
Cs concentrations of SRL collected et different time
intervals from animals fed different sources of CQ and P
in thelr respective concentrate mixtures. The mean of the
values of Ca concentration in different groups (Tﬁ to Ts)
were 9,86+ 0.17, 14.60% 0.18, 14.20% 0,24, 14.04% 0.38,
13.92% 0.43 and 13.752 0.42 mg Ca/100 m1 SRL respectively.
Thess values were similar in all the groups sxcept group
Tg which shoued lower value 9,86 mg Ca/10D ml SRL as no
Ca supplementation was made in this group.

P concentrstion in the SAL semples was much

higher as compared to Ca., The mean of ths values of P
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Table 4,8 Ca and P concentration (mg/100 ml) in SRL of animals under

various treatments, as a function of time

Hours

o 1 2 3 Ty T
M
0 9.3 14.0 13.7 12,7 1340 12.7
1 9.7 14.5 14.0 15.0 15,0 14,5
3 10.0 15.0 15.0 14.0 14,3 14,7
s 13.9 14;5 14,5 14,0 14.5 14.0
7 10.3 15.0 13%.8 14,5 12.8 12.8
Mean 9.86 14.60 14.20 14.04 13.92 13.75
SE+ + 0,17 +0.18 + 0,24 +0,38 + 0,43 4 0,42

sessCONntd,
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'R ocontdo tabl. 4¢B

JE—
Hours ~—lioataentg
T T 2 3 T s
| —Ehogghorug
[ 43.3 48,8 62.2 53.1 49.9 65,15
1 50,2 43,2 61,8 54.8 48.2 63,33
3 51.4 50.3 63.2 55.6 48,5 63.60
5 50,6 . 50,2 62,6 55.5 49,4 65,88
7 51.6 S0.0 60.4 S4.0 A8.7 64.8)
Nean 55'.52 49.78 62‘.54 54.56 48.92 64.600
SC+ + 041 4 0,30 *+0.47 4 0.47 + 0,29 + 0,449
P

Each valuse is gverage of four obssrvations
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concentration in various groups (T, to T;) were

50,62+ 0,41, 49,78+ 0,30, 62.04+ 0.47, 54.602 0.47,
48,92+ 0.29 and 64.60+ D,.49 mg P/100 ml SRL respectively.
The values sere similar in groups Tﬁ, T1, T3 and T4 but
only marginally higher in groups 'I'2 angd TS' indicating
that the proportion of total P that is present in soluble
plus particulete phases (representing SRL) uas grester

in these two groups as compsred to others. Such findings
were also supported by the P distribution stud1es in the
rumen digests (Table 4.7) uwhere to totsl of soluble and
particulate phases in these groups weras high., Unlike Ca,
P concentration in group Tu to which no P supplementation

uas mode, also showed similar velue in comparison to

control group.

4.2,6 Rumi

The dissppsarance rate of Ca and P from rumen
was calculsted as product of rumen fluid flow rate (1/hr)
and mesn rumen fluid concentration (mg/litre) of Ca and P
raspectively. The rumen flulid flow rate in animales under
various treatments was calculested by estimating first the
respective rumen volumes and then uytilising this data
in the estimation of rumen fluid flow rate as described

L3

in 4.1.3.

4.2.6.1 Rumen fluld volume ond its flow rate:
The data on Tumen fluid volume, rumen fluid

flow rate snd wveter intake oPf animals have been presented
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in table 4.9. The mean velues of rumen rluid volume
under various trestments (Tﬁ to 1'5) vere -25.833 0.563,
25.01% 1.7, 25.71% 1,30, 22.83¢ 1.36, 25,26+ 1,33 end
21.55+ 1,39 litres respactively. _Tha mén values of
rumen fluid flow rate in the respective groups were
0.993% 0,049, 0,874% 0,084, 0,950+ 0.832, 0,856+ 0,033,
0.833+ 0,009 end 0,797 % 0,04 1/hr respectively. There
ves no significant d.i.fi’brenc. (P 0.,05) in the values of
rumsn fluid volume, rumen fluid flow rate tﬁd water
intake of animale under variocus treaetments, indicating
that the trestments had no sffect on ruminal veolume and

flow ritos.

4.2.6,2 Rymen dissnsestance rate of CGa angd P

The rumen dissppearence rates of Cs and P
through rumen fluid under various treatments have been
presented in table 4.,9. These values ysre 92.53 4.2,
131.7% 5.6, 135.0% 4.5, '120.51 3.6, 115,24 7.2 and
109.0+ 2.2 mg/hr for Ca end 474+ 14, 4364+ 16, 579+ 8,
473+ 18, 4132 24 end 516+ 10 mg/hr for P respectively.
Disappoarance rate of Ca. thrﬁdgh t_runcn f_luid vas signi-
ficantly lower (PT 0,05) in gnéup TD ss compared to other
groups (T1 to TS)’ but the vslues in groups T,‘ to TS
vere statisticelly seimilar showing no varisbility in rumen
dissppearance rates of Ca on using diffarent Ca/f supple-
ments, Rumen di sappearance Tate of P under thess condi-

tions were etatistically similar in all ths groups includ-
ing group To.
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Table 4.9 Water intake, rumen fluid volume, rumen fluid flou rate and
disappearance pattern of Cg and P through rumsn fluid

——p—sontiol,. ' legatagnte Fevalu
3 K 3 Ts venee

o 4
(~ve) (+ve) (marble} (gypsum) (rock phos){superphos)
Water intake 29.19 26 .83 31.45 28,88 33.36 28.59 0.89
(1itres/dsy) 22,19 21,67 22,13 +£1.89 £1.5%  +1.64
Rumen fluid 25,83 25,01 25,71 22,83 25,26 21.55 2.10
volume(litres) 20.63 21,17 21,30 £1.36 21.33 21.3
Rumen fluid flov 0,983  0.874 0,950 0.856 0,833 0.797 G.93
rate{litres/hr) £0,049 +0,084 0,032 +0,033 0,089 #0.040
Ca 92,5 131.7%  135.0®  120.5° 115.2%  109.0° 3, 39%
+ 4,2 + 5,6 + 4.5 + 3,6 7.2 22,2
p 474 436 579 473 413 516 2.19
+14 + 16 +8 + 18 + 24 - $10

Rumen disappsarance rate of Ca end P through rumen fluid is calculated ss product of
rumen fluid flow rate{litres/hr) snd meen rumen fluid concentration(mg/litre) of Ca
and P respectively. .

Values with different superscripts(a,b) differ significently #P/0.05

Eath valus is megn of Pfour observations



4.3 DISCUSSION

4.3.1 Resed upon scenning studies (Chapter 111), Ca
and P supplaments 1ike marbls, gypsum, Mussorrie rock
phosphate end fertiliser grade superphosphate wsre
selected for ruminagl studies, The pprametsrs were diatri-
bution, ruminal concentration and rates at vhich Ca and P
left the :uuonMCoﬂaaxtnant,”_;n-.gditipq,;tho;in?lu-nce on
nommal lotgﬁoiiteé.inﬂthe rﬁaon-and blocd Ca ind P
concentrations vere alsoc studied. The positive control
consisted of dicalcium phosphate as & commonly accepted
Ca and P supplement source end the negetive control,
consisted of no extra supplement for Ca end P, Two Ca
supplemant sources, i,e., marble (sz.qnq'gypnul (73) and
tw P supplement sources, i.8., rock phooph;ts:(74) and
superphosphate (Tg) were included in experimentation.

In Tzland_Tﬁ groups P_aupplamantation vas nido through
.odiuﬁ phosphste, §inco both vack phosphat$ and super-
phosphate contained enough Ca, no extre calcium supple-
mentation uvas needed, The mineral mixturess were computed
in a way to supply similar éuantitv”of Ce and P_in
treatments T, to T, through the ration (Teble 4.3). In
asddition, the trece minerel iuppltusntation vere also
made similar. The animals vere adult, non-producing end
of similar age, hence, the motabollc demands of these
snimals sither for mineral elements ar for fesd nutrients
vere esssentially eimilar. Since the snimgles were houeed
in plastic painted individusl staells, poessibility of



extraneous Ca end P supply through lpsking of uelle

vas avoided. Since the basel diet was same in all the

groups, the supply of organic nutrients were aleo similar.,
Under the condition, £he treatmant effect

stipulated was only due to the different sources of Cg

and P supplements used and compared with dicalcium

phosphete ss an accepted La end P supplement source.

Data in teble 4,3 reveals that on_.ly D.34% Lg

and 0,5% P was present in the basal concentrate nixturo(To)
in which no Ca/P source was added. In the treatment

group s fl'.' to Ts, the distary total cslcium content ranged
from 1.05-1,09% snd P content renged from 1,08-1,15%,

It meant that sbout 66% of Ca and 50% of P in the respective
concentrate mixtures were from externally added supplement
sources (4,3.1). These different sources of Ca and P fed

tc animals in the concentrats mixtures did not show eny
significant differences in the total dry matter intske or
dry metter intake per 100 kg body weight of animals(teble 4.4)
The rasults suggested that sny of the trestments had no
adverse affect on palatability of the diet. Plumles gt si.
(1958) reported that soft phosphate ulth collodial clay
resul tad in decrease in feed intaske, Peed gain efficiency
and lower serum inorgenic P levels. BSouchrasd snd Conrsd
{1973) found decresse in feed intske when agricultursl

grade gypsum was used to increass La snd S content of the
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basel ration. Houwever, only uith rock phosphate groups
the animals in bsginning shousd some reluctsnce in
scceptence of concentrate mixture but in couple of deys
during the pre-expsrimsntal daye they soon gbt adjusted
and the intake wes similar to other groups. The lov Ca
end P through concentrate and thus the totel intake of
Ca and P in group Tﬁ in comparison to other groups uas

only the reflection thet the P basal diet in group T

0
contained low Cs and P becauge it was unsupplementsd,

4.3.3.1 Bumen metabolites:
Rysen pH:- The major minerals play importent role in

meintaining physiochemicel characteristics of rumen medium,
The main buffer componsnte in rumen are Ng, P, K and VFA'se,
and any decreasse in these components in rumen results in
chanige in rumen pH (Durend end Kewashima, 1980). In the
present experiment no significant effect on rumen pH was
observed as thers was no difference in ths supply of
dietery P in the respsctive groupe excspt group TO' In
group Té alec, animals maintained ruminsl P concentration
similar to control end nther groupe because of recycling of
P through ssliva (Cohen, 1980). VFA contents in different
groups also did not differ.

Apmonig-N:. Ruminal NHS-N concentretion ehoved no veristion
in groups T1, TZ’ 73 shd Ts but thes values uwers signifi-
cantly (P/0.05) lower in T, and T, groups. Inter ge
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comparison of Tn snd T4.g:oup. suggested that T, group
behaved in similar way as T0 group wvhere ths concentrae-
tions in SAL were lovw (table 4.8). It was evident thst
only P but not Ca from rock phosphate (T,) wes compare-
tively lese soluble (table 4.7) aw its distribution in
the soluble phase was low. Congidering this low level
of P solubility in the SAL (T‘) and low level of £ supply
through diet (TB)' the two groupe bshaved similarly in
ruainal NHseN concentration, There are only snggpstiv-
evidences to contenll that lower P concaﬁtration in rusen ¥
liquor either due to low dietary supply or less solue
bility in the SRL, the sctivity of proteclytic orgsnims
in the rumen is affected. No direct evidence is available
to support this contention although thare are findings
to suggest that P requirements of rumingl organisms are
much higher than Ca, and that ruminal P concentrstion
affacted the activities of,!gg&g;&gﬂg‘.uggingggngg
(dryant 8t gl., 1959)

Nolatile Fatty Acldgs- Although statisticelly non-
significant, the TVFR concentrations in SRL uere slightly

lower in treestment groups Ts, T‘ and Ts s conparcd_to
other groups Ty, T, snd T,. Since T, snd T,, i.e.,
negative and positive control groups shoved similar

TUFA concentration, the slightly lower values of TS' T‘
and Ts groups csnnot be attributed to lover Ca and P

- concentrations in the SRAL or the trestment effect end cen

only be interpreted 2e normal variabilities of animals.
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‘It vas also observed that the trsstments did not influence
the rslative proportions of acetsts, propionate snd butyrate,
Therefore, it uas avident thet different forms of sinersl
supplements axerted no influence on rumingl onergy mete-
bolites. Chicco gt al. (1965} used different sources of
P, such as Ca orthophosphate, Na ortho- and meta phowsphate
snd observed no difference in coiiglx}ic activity of rumen
bacteria. Fisher (1978) slsoc reported that total VFA's
level in snimals fed four supplemental forms of P in their
digt - nonoealciua,ﬁhoaphata. dicalcium phosphate, mono-
ammonium phosphate and monosodium phosphate were similar.
However, in tho:aana study the production of propionaste
was conaidersbly higher with monosodium phosphate compared

to other sources,

4.3.3.2 nmmumu

Thare are evidences to suggest that concentra-
tion of P in the blood of young enimals fall rapidly wvhen
P intake is inadequate {Wise gt gl., 1961) end alsc when
P source is poorly utilieed (Heminguay and Fishuick, 1976).
Such insdequecioes in dietary sources from different minerel
supplemants uers not obssrved in the present investigstions,
since serum Ca and P values vere not influencsd due to
treatments. No differences in Ca end P levels in T0 and T1
groups suggestsd that sven at lower dietary Ca and P supply
in Ty, the interplay of homecostatic mechanisms (Cohen,

1980) were sufficient to maintain serum Ce and P concen-

trations. Housver, there was merginalk depreseion in
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serum P in case of Tb, T, and T, groups suggesting that

4
prolonged feeding on these treatments may outbalence the
homsostatic regulatory mechanisme in course of time.
Distzibution of Ca and P in ruminal digesta:

Due to the complex nature of the rumen, recycling
of mainaral elements in the rumaﬁ,pu conditions of the rumen,
rumen volums snd rate of digesta flow, it wes felt
necessary to estudy the relative distribution of Ca and P
in the ruminal digeete ss influenced by the supplemental
sources, Ca snd P distribution was studied in these
phases of rumingl digeste.

(1) Soluble phase - represented the ionic form of the
mineral element, uncomplexed with binding ligands,
unadsorbed on feed particlas and the ﬁottion not held up
as insoluble moiety in thleccd particles. This was
accounted for as the'tuparnatant portion of the strained
rumingl digests. | |

(1i) Particulate phasg - represented portion of the
aineral elements bound to ligends as insoluble complexes
and utilised by microorganiams wvhich could bo'accodntad
for es the residue remsining after centrifugetion of
strained ruminal digestse.

(1ii) Sglid phgge ~ which represented the portion of
mineral qlcuents held up as insoluble mineral particlo
or adsorbed on the feed particle. This portion uas
sccounted fur-by taking the rosidui of the strained

rumingl digesta.
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1t uas observed in jn yitrg studies with ruminal
buffar that various winarsl supplssent sources uvers not
heving similesr solubility in the rumen. Tha Ce eolubility
but not the P solubility was influsnced by pH changes
(Chapter 1II). Even the different mineral supplements had
not same P splubility im rumingl buffer. Such findings
had indicsted that there may be verisbility of Ca asnd P
distribution in solubles particulsts end s0lid phases in
the rumen, / | ﬁ

The present studies (fabli 4,7) suggested that
Ca from different sources was soluble in the ruminal fluid
to the extent of 7«9X as comparsd to P which uas soluble
to the extent of 30-50%. Yeno gt gl. (1979) came up
vith similar obgervations uwith their studies on lhooh'and
reported thet {n comparison to Ca, Mg and K, the concen~
tration of P and Ng in the digesta end superngtant of
rumen and omasum were higher. Ca in the soluble phase
va® lower in group Tb then the overall distribution from
supplemented treatment groups (71 to Ts),”but Ce from
rook phosphate (T,) showed highest solubility. Its
distribution in the particulate phase followed almost
similer pattern, although the highest distribution in the
phase wes in marble supplemented group (Tz). The propor-
tion in the solid phase was the resultagnt sffect of ite
distribution in the soluble snd particul ste phases and
was asbout 80,5 to 86.7% of total Ca present in the rumen
contents, In contrast to Ca, there wes significantly
higher distribution of P in the solubls phass, the louest
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velue being in group T, (rock phogphate). The lower
values of P distribution in the soluble phase in T1, T3,

T4 and 'I'5 groups thsn the basal feed group TD vas due to
highser P intake in supplementsd groups than the bassl

group T,. Oats in table 4.5 suggested that P intake vas
significantly high in all the supplemented groups than the
basal group T’. Witt end Cwens (1983) have repor ted that
ruminal P solubility ie decreseed with incresse in level of
ite dietary supply. Sufficiently depressed valuss of
soluble P in T‘, 'I'1 and TS groups might be cdue to lower
solubility of the respective foxms of supplemantal P,
Higher value in group T2 could bea because of highly
soluble source of P, i.e., sodium phosphate, uvas uesd as

P supplement. Tha-rasuits suggested that in temms of P
solubility in thl_runon, rock phosphate was the least
soluble source. The digtribution of P in the particulate
phgee was loveat in group 'I'2 whare s scluble form of P,
sodium phosphate wes used, Higher valuss in TS’ T4 ahd

Ts suggested that thaere was pressnce of snough binding
ligands in these groups gs the AIA vontent uere alsc
higher., However, comparetively a higher value of P ln th.
particulate phace of groups 1'0 thon T, end T, is dtfricult
to sxplain,

4.3,5

\

Ca and P concentration in the rumingl fluid are
known to b# influenced by distary level of these slements
and their solubilities in the rumen contents (Yano et al.,
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1979; Witt and Owens, 1983). In the pressent experiment
dietary intake of Ca and P were similar in all the groups
except group Tﬁ (the control) which supplied Ca end P of
feed origin only. Ca concentration in group Tb vas signi-
ficantly less (P/0.05) in comparison to nli other groups
which were showing statisticslly similar velues (table 4.8)
In contrest the P concentration in all the groups were
similar. It is known that there is continuous turnover of
P through salivs to the rumen liquor. Tomsr gt gl. (196?)i
have indicgted that P secretion from both parotid glands '
of shesp excesded by 1.3«7.,2 times the intgke of P through
feed which rgnged from D.4 to 4 g P/day. This contribution
of P through salivary recycling was the predominant factor
by which P concentration in SRL is sssentieslly meintained
irrespective of dietery supply. Clark (1953} have reported
that even in case of clinical hypophosphorosis in cattls,

P concentration in the ruminal fluid did not fell bslow

200 mg/litre.

4.3,6 2

Data in table 4,9 indicatsd that there was no
effect of feeding different Ca and P supplements on water
intske, rumen fluid wvolume and flow rate, Ingestion of
certain inorganic splts like sodium chlorids or sodium
bicarbonate ves found to increass water intske, rumen
fluid volume and flow rate (Hemsley st al., 1975; Thompeon
st al., 1978) and decrease the dry matter intske and ruminai
digestion of orgenic nutrients (Rogers st al., 1979). Wut

Ay LH] ceo
b - " »f‘ ¥ l .‘:‘_t‘ »"" ' P
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this wes not the case with Ca snd P supplements used in the
present investigation aﬁ_the addition of Ca/P supplements
brought no aigmificanﬁ_changa-in vatas 1ntpk-, rumen fluid
volume and Flow rate as compared to basal group (Tb). The
availability of Ca and P to the animals'from the.lohor gut
would depend upon the ruminal fluid concentrstion end the
digesta flow rate as depicted by dissppearance pattern.
Since all the trestments except Th had similer Ca concentfa-
tion in the SRL, the different minersl supplement groups
may not bring sbout any difference in Co av#ilability to the
enimgl particularly because the digesta flow rate and ruminal
di seppearance of Ca were not affected due to_the type of
supplements used, However, in unsupplemented group Té,lduo
to lowsred Ca concentration in the SRL, the Ce dioaﬁbo-rancn
Tote uwas slso lower sgggssting docréaaad nin‘ral svailability
to the lower gut for sbsorption. in case of P, this was not
the cese. With a similer P concentration in SRL in all the
groups TD to T5 and similar P disappearance pittnrn in all
the groups, there may not be any 1nf1u¥nca on the P availa-
bility at lower gut. It was thus probasble that the gut
factors exertsd no influence on regulation of P status of
the animals until the chgnge in dietary supply was so severe
to cause dimunition in ruminsl P concentration or salivary

recycling of phosphorus.
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EXPERIMENT.IL

4.4 INFLUENCE O PLERENTATION ON _RUMIN|
SOLU 8 mmuxmru APPCARARCE PATTERS

EOTAR is a atrong chelating agent. I?bus-
in mineral supplisments has been clainad to improve
utilisation of certain trece minerals by non-ruainanta ﬁﬂhv
(Scott end Zeigler, 1963; Dberleas &t gl., 1g%3, Kratzer
and Strarchlr, 1963) But no adventage in Zn utilisa-
tion was noticed when EDTA was added in the diet of |
ruminants (Powell gt al., 1967; Miller gt al., 1968;

Hiers gt g,].,.. 1968) Houwever, 3in m and in xive
solubility of Mn, Zn and Fe end thus their utilisstion

was found to be improved by fesding chelated primix

trace elament eupplouants in conp.riaon to othngﬁz’
commercial trace mine ral nixturo (Foll, 196§), The

extent of binding of any mineral with EDTA 2n the rumen
is more in case of heavy metals like Cu and In then
with Ca and Mg (n-orgiws,akn, 1982) .

With this backgreund in vieu, the 1nf1usnce
of different lavals of EOTA supplementation was seen
on Cs utilisstion from mineral supplements as evident

from ruminal Ce solubility snd dissppearsnce rates.
4,4,1 MAT

Sxpazispntal animals

The sgme four fiatulsted animals used in
previous experiment (4.1.1) were suitchad_overléaﬁ;

for the present inveetigation.
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Lxparigental fesding

The compoeition of concentrate mixture end thet
of minerel mixture were the semé as used in controcl group
(71) of previous experiment (4.1.2). The asnimals were
fad concentrate mixture and vheat straw in similar way
8 described earlier (4.1,2). The experimental treatmente
differed in four levels of EDTAR supplementation, in the
diet of respective groups, follouing the switch over
design as followed in 4.,1.2, differing only with respect
to EOTA dose levels, |

In treatment T1, no EOTA was mixed in the
concentrate mixture, vhile in treatmente Tz, T3 end T‘
ratic of EDTA3Ca added through minsral supplement uwase
kept as 0.2:1, 0.5:1 and 1:1 (on 8/v basis). All the
four ghimals wers fed under each treatment atarting from
T1, fof a period of 21 days at the end of which samples
of rumen liquor were collected for Ca solubility measure-
ment studies and for rumen fluid volume. A4ll the four
animala vere then suitched over to the next treatment
(i.e., 72 then TS and gso on) in a su;tgﬁ over design. 7
Lxpezimental nrocaduies

Sampling of rumen liquor for the measurement of
pH, solubility of Cs in ruminel fluid and rumen fluid
volume/flow rate was made in the similar way as described
in 4,1.3.

Ca solubility in the SAL of enimals fed
different levels of EDTA in their dist was estimated by
the method of Yano gt gl. (1979) as described in 3.4.1.
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Sanples collected at 4 hrs postPeeding wers used as a
representative sample to provide mean valus of Ca concen~
tration. Procedures employed for the estimstion aof rumen
fluid flow rete, Ca concentration in the SRL and Ca dis~

appearsnce pattern ware the same as followed in 4.,1.3.

4.4.2 RESULTS

Rumen pH, Ca _golubility and its concentration jn SRL:
The values of ruminal pH, Ca solubility end.
concentration in semples of SRL collectead are presented
in table 4.10. The values of ruminal pH in different
trestments were 6,58+ 0,04, 6,51 % 0.02, 6,42+ 0,04 and
6,50+ 0,03 respectively and ware quite similar to sach
other, The solubility of Ca in the ruminel fluid wers
43.02% 2,94, 38,553 2.63, 30,424 0.81, 29.87%0.98 X
respectively end increased significantly (P<D,05) with
the incressing level of EDTA in the diet of animale in
treatment groupa.T1 to T‘. Ca concentration in SRL in
different treastments did not vary significently and the

valuas ranged from 11,30 to 12.50 mg Ce/100 mi SARL.

Ruminal fluid flow rate end La
disgappeargnce from rumen:

There was no effect of addition of different
level of EDTA in treatments T,, T4 and T, over trdatment
Ty» on ruminal flow rate or on disappearance rats of Ca
from rumen. Values for ruminsl flouw rate ware

0.930% 0,050, 0,866% 0,064, G.9162 G,072 and 0,916 ¢ 0,042
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litres/hr; and for Cga diseppearence rats through rumingl
Pluid were 104472 2.2, 107.42 2.6, 114.72 3.6 end
111.8% 4.2 mg Ca/hr respectively {Table 4.10). #Both
these perameters did not show sny significant dif ference
in different trasatments,

4.4.3 _DISCUSSION

1t Hgghevldlnt from the table 4.10 that by
changing the EDTA:Ca rgtio in the minsral supplements
the ruminel pH relnai.ils constant and was notﬁff'fectad by
treatments, Houa;;;,.the Ca solubility declined as &
f"'"ﬁf‘_jﬁf..?i_ treatment contrary to the axpactationa@
Ca concontr;;I;;hin SRL, the ruminal fluid flow rate
and thus Ca disappearance rate did not change with the
treatments. Sincs ths SRL repressnts the soluble and
particulate phases, dacrease in Ca solubility and constant
concentration in SRL suggested that there wes increase
in the particulate phass Ca. This particulete Ce might
ba bacause of ronﬁation nflcomplﬂxcs of Ca~-EDTR, since
the chelating bonds are very strong, 1t is difficult
to presume that there will be dissociation of Cs from
its ligands in the chelate in acldic conditions of pH
in the esbomasum or pioximal intestine., Therefore,
despite the same Ca dissppearance rate from the rumsn,

supplemental Ca in the presencs of EDTA may not render

complete Ca evailability for abscrption.

- s Qe
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Table 4.10 Ruminal pH, Ca solubility, concentration and its diseppe®arance
rate from rusen on feeding different levels of EDTA to the animals

T ' Fe
T _ 'Tﬁgﬂs!.ﬁiuL_‘ e '74 value

1 3
Ratic of EDTAsCalw/w 031 0.2:1 0531 131 -
besis) in mineral mixture | | o o
Rumen pH . 6.58: 0004 6-51: 0.02 6.42: 0.04 60501 Ocﬁs 0.04
. . a b c c " B
Ca solubility(%) 43.02% 2,94  38.55% 2,63  30.4220.81 29.87% 0,96 6., 56%
Ca concentration 11.304+ 0,34 12.50% 0,26 12.50% 0.40 12.20¢ 0,30 1.90

{(mg/100m1) in SHL ,
fumen fiuid flou rete _ 6.930% 0.050 0.868% 0.064 0.91820.072 0.916% 0.042 0,87
(1btres/hrt) ' :

o disappearance 104,74 2,2 107.42 2.6 114.72 3.6 111.84 4,2 1.62
through rumen fluid
{mg/hour)

Values in the same line with different superscripts a,b and c, differs
significantly at (P/0.0S).



CHAPTER-V

INFLUENCE OF CERTAIN CALCIUM AND PHOSPHORUS
SUPPLEMENTS ON NUTRIENT UTILISATION AND
GROWTH IN RUMINANTS
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Evidences suggested that diffsrent sources of
nineral aipplements were not similgr in their effects on
nutrient utilisstion by animgle.

Soft phosphate with collodisl clay uveas found
to reduce the feed intske, feed gain efficiency and bleod
P lavels (Flumies gt al., 1958). Gerken end Fontenot (1967)
compared dolomite limastons snd MgD as source of Mg to shaep,
They found that Mg supplementation by dolomite lime stone !9
depressed carbohydrate digestibility and serum Mg value (
than Mgd. Bouchard and Conrad (1973) found that on
feeding sgricultural grade gypsum ae Ca supplement, there
was decresss in feed intske. Witt and Ouens (1981)
reportad thet P from defiuorinated rock phosphate is not
a0 soluble, and lese available %o ruminants as comparad
to other sourcss of phosphorus like dicslcium phosphets
or sodium phosphats. Gohl (1981) has suggested that ferti-
liser grade superphosphate can be used ss minsral supple-
ment if no other sourcs of P ia aveilable.

In the pressnt experiment, two altsrnative
sources of minersl supplement « rock phosphate end super-
phosphgte have been teken and efforts are made to lualuata
their use as Ca and P supplements in the mineral mixturee

in growing crossbred calves. Olcalcium phosphate uas cho sen
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s convcationjl source of Ca snd P supplement. Certain
reports suggested that inclusion of chelating agent in
minersl mixtuze, improved the utilisebility of certain
trace ulouon;;liko Zn (Darwish an& Krgtzer, 1965). Since
EOTA ie good chelsting agent for Ca, in one of the
experimental treatment groups EOTA uvas fed 1n.conjunction
with dicalcium phosphate and the influence on grouth and
mineral utilissfion wss recorded. UWith a vieu to coapare
the influsnce of the sources of Cs and P nuppioutnta,

in diffsrent treatment groups sll the nutrients supply
including Ca and P was kept similaer in each case. A grouth
trial on 16 animals divided into 4 groups of 4 animals
sach wae done for a period of 16 ueeks dursetion. In order
to sse utilisation of nutrisents snd balsnce of Ca, P snd
other ainerals from these mineral mixtures, s metasbolimm
trial of six days duration was also done st the tarming-

tion of thlis experiment,

5.1 T METHOD

§.1.1

Sixtesn crossbred (Karan Fries) male calves
of 4-6 months of age and weighing about 60-70 kg vers
taken from the Institute herd. These calves were randomly

1
divided into four groups,! to IV (Table 5.1)4n RED design.

Housings~ Well ventilated concrete floored calf pens
were used to house the experimsntal animsls. The location

of the calf pens uware such that it permitied sasy sccess
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Table 5,1 Initiel body wt and age of exparimental
© snimgls in different treatment groups

S.Nog, Animal No. Infitial body wt. Oate of

(kg) birth
1. KF-4603 69 10.5.8§
2. KF-4608 S0 14.5.85
3.  KF-4628 57 2,8,85
4. KFedb39 53 19.9.88
~broup=11
5. x;-4516 | 50 29,6,86
6.  KF-4523 58 - 23.7.88
7.  KF-4642 70 5.10,85
8.,  KF=4647 51 21.10.85
| ~—Groyp=1i1_
9. KF-4600 58 1.4.85
10, KF-4606 53 845.85
11, KF=4632 55  16.8.85
12, KF-4543 60 10.10.85
—GraypziV .
13, KF-4601 57 1.4.85
14. KF-4602 57 5.4.85
15. KF-4621 50 22,7.95
16, KF-4645 60 19.10;35
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to sun-shine most of the dey. They were sufficiently
large for the sasy movement of the animgls. The walls
of the pens were plastic painted pericdically toc svoid
extra mineral supply by licking.

Lare of animalgi~ Clean and healthy environment was
provided for the animals, Thes gnimals usre t:lld indi-
vidually. After tieing their mouth, the animels were
vaghed deily uith clean uster snd given exercise in ths
open sun-shine for 1 hour, The asnimals wers duly
protected from cold stress during the winter. Ouring
the night time uhole of the calf shed was enclosed with
tarpolens sheets, Befors the start of the experiment
the animels vers dewormed wuith full course of "Penacure®,
Clean tap water uves provided free choice, tuice dsily in
plastic buckets. Feed wvas offered in plastic tubs.

5.1.2 Lxpazimental feading
Prapezation of minersl mixtuTegs- Four differsnt minersl

mixtures vare fomulated using commercial grede dicalcium
phosphate, Missorrie rock phosphete end fertiliser grade
suparpﬁosphatl a.-'CJa(md P sources, and added in the
concentrate o€ groum,l, 111 and IV respectively(table 5,2), f
In group 11, dicalcium phosphate was used in similar uey

as group I but in addition EDTA ves mixed st the rate of
0.1% w/w in the final concentrate mixture, The supply of
other mineral elements wers met by addition of pure selts

{(table 5.3). By using sppropriate quontities besed on itse
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Table 5.2 Ca and P supply from different mineral

supplements used in preparation of

experimental mineral mixturss

Groups Mineral supplement Ca supply P eupply
source used a/100 kg g/100 kg
conc, conc,
mixture mixture
1 Dicalcium phosphate 664 478
(control) 1,65 kg,chalk powdsr
0330 kg + trace
mineral mixture ®
11 ~do~ + EDTA{0.1%) in 664 478
concentrate mixture
111 Mussorri® rock phosphate 664 478
2.65 kg + sodium phoa~
phate 0,8 g + trace
mineral mixture®
v Super phosphate 3.838kg, 662 477

+ sodium phosphate 0,56kg
+ trace minersl mixture®

In addition to the CéfP eource wsed, the
following ingredients were used per 100 kg
of concentrate mixture for the preparation

of complete mineral mixture. Sodium

chloride 900 g; Magnhssium cerbonate 90g;

ferrous sulphate 1.5g; copper sulphats 2.19;
potassium iodide 0.39 and zinc sulphate 7.59
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conpositiqn,_d;ffornnt Ca and P sources wers blended in
minersl sixture do_qc to supply ssme amount of Ca snd P
per 100 kg of the concentrate n;xturogin sll the groups,
Rovimix was added in sppropriate quantitiss (4.1,2) to

meet the reghrements of vitemin A and O.

Table 5,3 Composition of concentrate mixture

Ingredients Prﬁﬁortionc cr( %) Ton{ %)

Maize 45 5.00 40,00
GNC 32 14.40 22,49
W.bran 20 2.00 9.80
ﬂiﬂ o.ix. 3&00 -— -
Total 100 21.40 72,00
Preparation of concentrate mixturee:- The concentrate

mixture uas prepered by mixing appropristd quentities
of maize, ground ceke and wheat bran {table 5.3),
Thess ingredients slonguith different mineral mixture
were mixed on a plastic sheet, laid down on the ?loor;
90 as to avoid eny loes of minsral mixture used in the
concentrate mixture, The vslues of CP and TON were taken
from ICAR Bulletin No.25 - K.C.Sen and S.C.Ray (1976).
The samples of concentrate mixtures prepared were
analysed for its proximate principles from time to time.
The composition of concentrate mixtures in four groups
:;gg sasentislly the same, sxcept that it differed in

different mineral mixtures used in the respsctive groups.

1"‘
[
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Feading achedules- NRC fseding standards (1978) uere
followed in preparing tBe_facding schedule (table 5.4).
The celves were offered concentrete mixture in the

morning at 9,00 AM, and green fodder meize et 2,00 PM,

Table 5,4 Feodingnachsdule of aniailg

1bd(kuoight Toncentrate Green malze (kg)
ko) o °{{;§'d “Fresh basis  ON bDasis
50 0.8 4.0 0.8
60 1.0 5.0 1.0
70 1.2 5.0 1.0
80 1.4 6.0 1.2
90 | 1.5 7.0 1.4
100 1.6 8.0 1.6
"o 1 8.5 1.7
120 148 9.0 1.8
130 1.8 10,0 2.0
140 1.8 | 11.0 2.2

Roughage to concentrate ratio vas kept es 1:1

S5.1.3 Exsarimental procadures

t= &fter gllouing
an adsptation period of 2 wesks the experimental celves
vere suitched over to experimental study. Body weight
vas recorded at the atart of the sxperiment and there-

after at usekly intervals. Their requirementa for
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concentrate and green fodder were periodically changed
as por body wt gain. The calves were fad individuaslly
weighed quantity of concentrate mixture and green fodder
as psr the schedule given in table 5.4 and feed residue
if any were collected and weighed to calculate the daily
dry matter intake. Ory metter content of the feeds and

foddars were snalysed at weekly intervals.,

Datermination of orowth rgte(b valys)s~ The growth rate
was calculated by regression énalya;s of the cumulative

weight gains during the 16 weske period ss 'b' value, as

shoun belows
£xy - —ga—;-ﬂ-
b value - -
(kg/week) |

' 2

Hatabolic trigli:~ Aftsr the completion of 16 weeke of
growth peribd on diffurﬁnt treatment groups, a metabolic
trisl of 7 days collection pericd was conducted on sll
the aixtaan.calvea in tho metabolic shed. The calves
vere properly harnesssd and giﬁen two days edaptation
period before the actusl sempling of feeds, fasces and
urine uas madc. | | |
Mwmwt- Semples of
fesd orferad and residue left, if any, were taken each
morning for dry matter and chemical analysis. The guantity
of faeces and urine voided by individual animal were
recorded every morning (24 hr collection) for 7 days, and

representative samples were drawn for further sneslysis.
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ti th = for the purpose of

analysis of proximate principles and nitrogen, 1/1060th
sliquots of feeces were tsken separately. For mineral
analysls, the faeces ssmples were dried daily at 100°C
in hot eir oven. For nitrogen, however, wat faeces rgf\ §
individual calves were preserved with 25%PH2504 in a {
pre~weighed plastic bottles, After 7 days of collection,
the contents ware weighed, mixed thoroughly and about
109 accuretsly weighed material was taken in a Kjeldbel's
mathod,

_ Similerly with urine aleo an aliquot of
1/100th size of total urine volided by individual animalsg
vas taken separately dally and pooled for 7 days in
Kjeldhal's flask containing 50 ml of concentrated H2904.
The nitrogen satimatidn vas done ss usual after the
pooled samples were digested.
Apalytical arocedyres:- Samples of feed and fgeces werse
analysed for proximate principles - Ory matter, totel ash,
acid insoluble aeh (AIA) and nitrogen content as described
by AOAC (1970). #&cid detergent fibre (ADF) wvas ®stimated
in all the samples as per the mathod described by Goering
and VanSoest (1970).
Minerals:- Minersl tontent snd bslances were studied of
feeds, faeces and u:1&§“;;m§i;§. The diffsrent mineral
slements included Ca, P and Mg as mejor minerels and Fe,
mn, Zn and Cu as trace elaements, The samples were dry

eshed at 550+ 10°C in a muffle furnace end scid extrect
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for the estimation of minerals was prepsred as described
in 3.1.1.3. The representative pooled samples of urine
wera svapoTated to dryness in a boiling waterbath and then
dry ashed and processed by similar method for estimation
of different mineral slements,

Ca in the abovs samples was sstimated by preci-
pitation method as per ISI (1975) and P uas determined
by the method using hydroquinonag;GaC§R1??5). The
analytical procedures have been ﬁascribad et 3.1.1.2.

Essentisl mineral elements other than Cea and P
like Mg, Fe, Mn, Zn and Cu uere estimated in the ssmples
with the help of Atomic Absorption Spectrophnotometer, as
by the method described in 3,1.,1.1.
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5.2 RESUL TS

S.2.1 Lompogition of fseds
Se2+1.1 Organic nutzient compoeition gof feseds

The orgenic nutrient composition of feeding
stuffs, i.e., concentrates fed to different groups and
green maize offered as sple roughage source is given in
tsble 5.,5. It yas evident thet the composition of the
concentrate mixtures in the four treatment groups uere
essentielly similar, The concentrate mixtures differed
only in their mineral mixtures prepared vith different
gources of Ca and P, This uyas the reason why the totsl
ash content in the four concentrate mixtures uas
different., Only groups I and 11 were similar because
Ca and P source was the same in these two groups. The
crude protein content varied from 22,35 to 24.,10% and AOF
content From 11.13 to 12,10%.

5.2.1.2 Niperal composition

Mineral composition of the four concentrate
mixtures used in the experiment a%% presented in table 5,6,
It was evident that the mineral iﬁgradianta in the concen-
trate mixture was so adjusted that the minersl content of
different concentretes fed to caelves were not different,
Thus 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 Orgenic nutrient composition (parcent DM basis) of different
concentrate mixtures and green fedder

DM oM cP AOF Ash
Concentiate _
Group 1 93.00 92.49 23.53 11,96 751
Group 11 93,04 9_2.47 22.82 11.13 7'.53
Group 1V 92.95 90,22 24,10 12.10 9,78
Rouahage
LCreen malze 23.0b8 89,04 9,39 39.67 10.96




Table 5.6 Mineral composition of

and green maize
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axperimental concentrate mixturss

oncantrate Ca/P source Total AIA Ca P Mg fFe Mn Zn Cu Co
u;::tzzeminaral Agh™="=~="—= (X OM basis)--m—o--- —————— —-éfppmif-zz:--

iroup 1 Dicalcium 7.51 0.79 1.07 1.12 0,09 640 69 91 29 26
phosphate - |

iroup 11 ~do~ * EDTA 7.53 0,77 1.09 1.1% 0.09 620 67 91 28 23

iroup III Rock Phosphate 10,18 1,09 1.05 1.16 0.09 820 72 93 27 2

iroup 1V 3uper§hosphate 2.78 0.93 1.02 1.13 0,09 530 92 90 32 22
Green maize 10,96 3.86 0.77 0.42 0.32 330 42 35 9 -’

The figures sre average of two determinations in case of concentrate
mixturQ5and average of four samples in case of qreen malze
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to 0.089%. Houwever, Fe content was highest in group 111
(820 ppm) in comparison to ths lowsst value {530 ppm) in
group IV, Although Mn content differem®. in different
groups, the concentration of Zn, Cs snd Co were essentially

similar.,

5.2,2 Ory matter intake, nutgiept utiligation
and N-balances

The mean values of dry matter intake, nutrient
digestibility and N balances of calves of the four treate

ment groups have been pressented in tables 5,7 end 5.8,

5.2,2.1 Ory matter intake

The dsily dry matter congumption of calves in
groups I to IV were 3.520% D.,14, 2.747+ 0,13, 3.1712 0.8
snd 2,848+ 0,24 kg respectively. Figures for dry matter
intske per 100 kg body weight were 3,59+ 0.07, 3.58% 0,06,
3¢36 % 0411 ond 3.52+ 0,76 kg in the respective groupe.
The figures suggested that the rations were acceptable to
the animals snd there was no significant different (P > 0.05)

in the four treatment groups.

5.2.2.2 Qioestibility cogfficient of organic owtrjents:

The digestibility coafficients of DM, CP and

ADF were determined and have been presented in table 5.7.
\]

"
Coih e

I1ts values in the four groups wers 70,654+ 1.11, 74.03¢ 2.15,
71.074% 2.32 and 71.54+ 2,65% respactively for OM;

72.01 % 0,75, 70.852 3.76, 72.78% 1.21 and 76.82% 2.16%
respectively for C.P. and 63,31+ 1,39, 63,34% 3,79,
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ODaily OM intake and nutrient utilisation by calves in
different groups

V7 + 40
(g/head/ day)

" _LMI 1 BT F-value
«« Daily O jntake(kg) NS
Concentrate 1.520+ 0.14 1.356% 0,13 1.4494 0,16 1.356+ 0,21 1.37
Roughage 2.000% 0.19 1.391+ 0,12 1.722+0,08 1,491+ 0,17 3430
Total 3.520 2,747 3.171 2.848
M intake per 3,594 0.07 3.58+ 0,06 3.364 011 3.524 0.16 0.374"°
lBDkg body wt(kg)
i .Quammuy.m
Ory matter  70.65% 1.11 74.03+ 2,15  T1,07+_ 2.32 71.54% 2.65 0,43 °
Crude protein 72.01# 0,75 70.85% 3.76 72.78%1.21 76.82% 2.16  0.58°
;2,‘.2 ?f;:;' 63.31¢ 1.39 63,34+ 3.79 62,69+ 3.34 60,004 3,02 0,36“3
C.OCP intake 312+ 18 358+ 34 371 31 1.07°°
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Table 5.8 WN-balences of calves in different groups(g/hesd/day)

——

T EI&H.%? TIT v F-value
Intake _
Roughage 30.8 21,0 26,7 2341 -
Concentrate 57.2 49,5 51.8 53.7 -
To tal 88,0+ 8,2 70,6 1.9 78,5+ 6,3 76,84 5.7 1 .45“5
Oytgo
Faacal 24¢53 1.7 2&-081 2.3 21 01: 1.4 17.5: 1.8 2.16Ns
Urinar)' 21.4; 2.1 24.8-"_ 202 2303: 1.2 25-2_‘.‘_‘ 2.3 1.56Ns
Balance +42,14+ 5,64 +22,3+ 5,80 +34.0+ 9.8 +34.0% 9,9 ‘1.59’“i
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62.69¢ 3,34 and 60,0023,02% respectively for ADF. These
values of digestible coefficients for OM, CP and ADF did
not shou any significent difference in the experimental
trestments.

The DCP intake by calves in the four respective
oroups being 3974 40, 312 18, 3583 34 and 371+ 31 g/head/
day, shouwed similar trend as the DM intske (table 5.7), and
were nat significently different (P 0.0S5).

5.2.2,3 Nifrogen balence

The N balences of calves fed rations containing
different mineral mixtures according to respective treat-
ments ranged from + 42.1+ 5.64, + 22,3%* 5.80, + 34,0+ 9.8
and + 34.0% 9.9 g/head/day and were positive in each case
suggasting that thay could support grouwth {tsble 5.8).

Thess values for N intake and N balance did not differ
significantly (P2 0,05), Data of Fascal outgo and urinary
outgo have also been presented in the table which also uere
statistically similar. Aalthough N-balences in group II,

111 and IV uvere showing lowser values in comparison to control,
but did not differ significantly due to large variation
within groups as shoun by standard error. However, on
perusal of the N-balance values of group 1l and group II,
it spg@ggﬂgv;ggnt that the values may bse non-eignificantly% ..

only at marginal levels and had tendency to afjtain signi-

ficantly different leveals.
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5.2.3 Lalciym and Phogpherug balsnces

The mean Ca bslances in the respective groups
(table 5,9} were 15.54% 1.78, 15.012 1.12, 12.65+ 1.28
and 13.41% 0,96 g/head/day, against the mean intake of
31.78% 2.86, 25,584 1.36, 28,494+ 1.96 and 25,41+ 1.25
o/head/day. Likeuise the aversge P balance in the four
groups were 8.12+ 0,58, 7,45+ 0,42, 7,21+ 0,61 and
6.24% 0.72 g/head/day ageinat the mesn intake of 26.82+ 0.82,
21.86 2 0.73, 25.25% 0.66 and 22.64% 0,96 g/head/day. It
was evident that both Ca and P were positive in easch casse
and did not differ significantly for ggﬂﬁ;;; experimentsl ¢/
treatments, However, the figurse for Ca balance in -
group 11 and IV tended to be non-significantly different v

only at marginal levels s comparsd to other qroups.

The mean blood Ca and P levals of calves under
different groups determined for three consecutive months
duting the period of growth trial are presented in table
5,10, It was svident that the values wers normal in each
case and noneé of the treatmentirendersd the serum La and i
P levels below normal levels. Neithor the monthly average
values nNor overall means for trestments differed signifi-

caently suggesting that thers was no condition of hypocal-

casmig or hypophosphataemia.

The utilisation of other minerals, i.e., Mg, Foe,

Zn, "n and Cu are prasented in tables 5.11 to 5.15 respec-



Table 5,9

Daily intake and bglance of Ca and P of animals in different
groups (g/head/day)

Lpl

1
(oce)

1
(EDTA)

ALCIUN
.ntpgke
toughage
.oncentrate

lotal

lutgo
‘ascal
irinary

.a-b nce
'HOSPHORU S
anggn

loughege
oncentrate

o tal
Atgo
‘ascal
'rinary

‘b nce

15.52+ 1.06
16.26 % 0,91
31,784 2.86

15.74% 0,82
0.50% 0,12

+15.54% 1.78

9,80 ¢ 0,96
17.024 0.78
26.82+ 0,82

13.89 ¢ 1.67
4,944 1.01

+8.12+ 0.55

10.80% 0.92
14,78 0,79
25.58¢1.36

10,242 1.2
0.33¢ 0,08

+15.01 ¢ 1.12

6.82+ 0.87
15.05% 0,58
21 0363 0.73

11.06¢+ 1,13
3.35% 0,86

+7,45% 0.42

13.28¢ 0,93
15,21 ¢ 0,82
28,49+ 1,96

15,43+ 1.16
0,36+ 0,09

+12.65+ 1.28

8.44% 0.72
16.80% 0.52
25,254 0,66

15.034 D.97
3.0+ 0,82

+7,21+ 0.61

~ 111 v
{Rock phos) (Sycerghgs)

F-value

11.57% 0,75
13.84% 0,52
25,414 1.25

11.682 0,26
Oe34% 0,10

+13.41+ 0,96

7.30_‘!: 0.86
15,344 0,32
22.64+ 0,96

13,36+ 1,06
3.04% 0.93

6,24+ 0,72

2.96“s

NS
1.39

N
1.56 3

S.SGNS

N

0.82"°
g

0.148

N
1.45 s

112
0.76

N
1.76"°

NS
0,56

N
0.94 S
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Table 8.10 Serum Ca and P levels (mg/100 ml) of calves in different

treatments
i bragge 11 TV Frvalue
(Control) (EOTA) (Rock phos) (Superphos)

S Al i . . . .

18t month 9.75% 0,36 10,0+ 0,46 8,50+ 0,62 8,75+ 0.35 2,28 °
2nd month 9,88+ 0.28 10.88+ 0,49 9,25+ 0.52. 9.88+ 0,42 2.!:16Ns
3rd month 10,38 + 0,45 11.63¢ 0,60 10,04 0.55 10,754 0,52 0.58 >
Mean 10,02 O, 41 11,08¢ 0,56 9,254 0456 9,79+ 0.46 1.43%°
Sgrum h

1st month B.14% 0,12 7.74% 0.16 8.374 0.17 9,29+ 0,16 2.86" 3
2nd month 8,14 0,16 8.854 0,15 8.37% 0.13 B.55% 0,47 2.04"°
3rd month 8,714 0,22 8,49+ 0,08 8.26 De12 8,544 0,42 1,20"°
Masn B.33% 0.13 8,364 0,12 8,334 0,15 8,80+ 0,36 1,520
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Table 5.11 Daily intake and balances of Mg of animals in different
groupe {g/head/day)

- Groupg —
11 111 TV F-value
(Control) {EDTA) (Rack phos} (Superphos)

Roughaga 6.309 4, 332 5. 424 4.696 -
Concentrate 1.338 1.193 1.275 1.194 -
Total 7.638% 0,142 5,574+ 0.13 6,699+ 0,103 5,890+ 08,163 1.66“5
Outqgg
Faecal 5,948+ 0.00 3.938¢ 0,072 5.029% 0,129 4.931% 0,132 1.38"°
Urinary 0.325% 0.052 0,315+ 0,036 0,329+ 0,060 0,243¢ 0,037 O.BSNS

a a a b .
Salance +1.365% 0.072 +1.321+ 0,068 +1.341¢ 0,051t +0.7162 0.094 A.SB’{‘
Percent 24.92 16,28 -
bsorbed 22.12 25,35 O

Values vith different superecripts a,b differ signi.ficantlﬂﬁlﬂ.ﬁg)
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Table 5,12 Daily intaka and balances of Ffe of animals in
different groups (g/head/day)

LGro - —_—
T S SN i $ 31 v F-valus
(Control) (EDTA) (Rock phos) ( Superphos)
Intagke _ _ _
Roughage D660 0.459 0.568 D.492 -
Concentrate 0,972 0,840 . 1.188 0.719 -
' N
Total 1.632+ 0,098 1.299+ 0,072 1.756+ 0,069 1.2112 0,116 1.22 3
Sutgo .
NS
Faecal 0,955+ 0,061 0.521+ 0,102 0.960% 0,112 0.777 + 0,068 2.33
Urinary 0,007 0.006 0,006 G.005 -
Salances +0.670%+ 0,052 +0.772%+ 0,066 +0,790%+ 0.043 +0.429°4 0,055  3.86%
Parcent
absorbed 41.48 59.89 45.33 35.83 X

Values with different superscripts, a, b, differ eignificantly (P/0,05)
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Table 5,13 Daily intake and balances of Zn of animgls in different
groups {mg/head/day)

G
i e TTT v F-value
(Control) (EOTA) (Rock phos) { Superphos)
Intakse -
Concentrate 138.32 123.39 134.75 122.13 -
| o
Total 208,32+ 8,23 127.07% 6,22  195.03% 5.06 174,31 3.47 0,095 -
QutgR _ _
- NS
Fascal 39,07+ 0,56 33.32+ 0,99 36.36+ Q.76 28,79+ 0,67 0.68
Urinary 3.97 6.76 9,27 3.51 -
Balances +165.284 5.23  4132,00% 4,13  +149.39% 3,46 +142.08% 2,39  1.98"°

.!'1.."’ L0 e b
) ‘.-!.'

R

ot a
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Table 5,14 0Dailly intake and balances of Mn of animals in
different groups ¢mg/head/day)

— fixaugg

1 111 IV F-value
(Control) (EDTA) (Rock phos) (Superphos)
Intake
ROUghagC 84,00 58042 72.32 &2062 -
Concantrate 104,88 90.85% 104,33 124,84 -
Total 188.88+ 6,88 149,27+ 5.46 176.65% 3.26  187.46% 4,64 1.76"°
Sutgo
Faecal 62.142 2.32 47.104 1,56 56.224 1.96  62.74% 1,89 1,323
_ _ _ \
Ur.{nar)’ 0037_"'_ 0.07 0032: 0016 0.44_’!‘_ 0.09 0.33_‘."_ 0011 0004 S
| N
@alances +126,374 2,32 101,84+ 4.01  +119.99+ 1,98 +129,39+ 2,11 1.83 >

#u C‘*"“I* Q'{QAA-«. ";vT.-.
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Table 5.15 0Ogily intake and balance of Cu of animals under different

groups (mg/head/day)

T 1 1 I" F-value

(Control) (EDTA) (Rock phos.) (Superphos)
Intake
Roughags 18,00 12,52 15.50 13.42 -
Concentrate 44,08 37.97 39,12 43,42 -
Total 62.082 1.32 50,494 1.76  54.62% 1,26  56.84+ 1.49 2.13°
Faecal outgo 25.13+1.98 15,32+ 2.78 16.75% 2.56  22.594 1.85 2.96"°
Urinary outgo 2.594% 0.56 2,174 0,23 1.78% 0.32 1.35+ 0. 46 2.36NS
@slance 434,364 3.68  +33,004 2.62 +38.688 1.62 +31.55% 2,90 1,76"°
fic

e iA
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tively. In case of Mg the balances in ths four groups

vere 1,365% 0.072, 1.321% 0.068, 1,341+ 0,051 and
0.716 ¢ 0.094 g/hsad/day respectively against the total
intake through concentrate and grean fodder in the range

of 7.64+ 0.14, 5.57+ 0,136, 6.70% 0.103 and 5.89+ 0.16
g/head/day respectively. The daily intake of Mg although
vas low in group 11 and IV, they were mot significent and Y
EEPS resulted in similar valﬁ;s for Mg balences in 4
é;;:; I, 11 and 111 and significantly lower in group IV,

In case of Fe, animals in differsnt groups exhibitbed =
dally balance of 0,670+ 0,052, 0,772% 0,066, 0.790% 0.043
and 0,429+ 0,055 g/head/day raapéctively against the mean
intake of 1,632+ 0.098, 1.299+ 0,072, 1.7562 0,069 and
1.2914 0,116 g/head/day. The Fe balances were statis-
tically similer in group 1, II and 1II respectively, but
was significantly low in group IV, as also reflected by
lower intaks in this group., The daily intakes, faecal

and urinary outgo, and balances of &€n, Mn and Eu in the
talves in different treatment groups showed no significant
di Fferances as shown in tables 5,13, 5,14 and 5.,15. The
balances vere 165+ 5,23, 132+ 4.13, 149+ 3.46 and 142% 2,39
mg/head/day for 2Zn; 126+ 2,32, 102% 4.01, 120+ 1.98 and
124+ 2.11 mg/hsad/day for Mn, and 34,36+ 3.68, 33,01 2.62,
36.09+ 1,62 and 31,55+ 2,90 mg/head/ day for Cu respectively.

The balances were positive in each case.



5.2.6.1 Grouth rate:- Average body weight of calves for thes
period under study are shown in table 5.16. Ths grouth rate
was calculated by regression anglysia of the cumulstive
weight gains during the 16 uweeks pariod of 'b' values which
are shown in table 5,16. The 'b' values in groups 1 to IV
vere 3,18+ 0.37, 2,18+ 0,24, 2,83% 0,34 and 2.394+ 0.31 kg/wesk
respectively. The average daily gains in the four groups
were 4512 44, 3234+ 27, 403%x 34 and 349-3 13 g/head/day
respactively. The relative pattern of grouth under the

4 experimental treatments of feeding have besn shouwn in
teble 5,17 and Fig.5.1. @&s evigent from Fig.5.1, the grouwth
rate of calves was lowest in group II and highest in group 1.
However, the statisticel differences were not significant

(P>0.05).

5.2.6.2 Fead conyersion ratios~ It is seen from table S.16,
the body weight gainad;§§§ kg of feed consumed in groups 1

to IV were 156+ 6.8, 116+ 6,0, 146+ 5.8 and 1342 5.6 g/kg.
These velues were significantly lower in group Il in
comparison to all other groups, but there was no significant
difference (P%» 0.,05) in groups 1, 111 and IV, suggesting
possible depression in feed conversion efficiency in EDTA

supplemented diets.
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Table 5,16 Grouth rate end feed conversion efficiency of calves under
different treatment groups

G Fa
1 11 IV value
(oce) (EDTA) (Rock phos) (Superphos)
Initial body wt.(kg) 57.25+ 4.17  57.25#% 4.61 56.75% 4.53  S6.0% 4.53  0.03 °
Final body ut.after 107.25% 9,26 92,25+ 7.81 101.75% 4.76 93.764 3.75 1.08 "
16 weeks (kg) - -
Mean weight gain {(kg) 5040 35.0 45.0 37.75 -
' NS
Average daily gein (g) 451+ 44 323+ 27 4034 34 349+ 13 3.17
| | _ \s
Growth rate 'b' value 3,184 0,37 2.16% 0,24 2.83x0.34  2.39+ 0,31  3.20
(kg/week) '
Gain to Peed ratio(o/kg) 156%# 6.8 116“"; 6.0 1462+ 5.8 134“’3 5.6 5.38%

Value with different superscripts, a, b, 'g_lé:?diffar significantly

at (P/0.05)
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Table 5,417 Cumulative body weights (kg) of calves
under different treatment groups

Uesks T

5847 60.0 59.4 57.6

1

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 6847 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 7442 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 86,9 81.7
13 95,2 8541 92,1 8447
14 99,1 87.4 95,4 86,5
15 103.5 B946 98,7 91,1

16 107 .2 92,2 101.8 93.8
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5.3 DISCUSSION

$.3.1 Lomposition of feeds
5.3.1.1 Chemical composition of Peeds

Based upon the scenning studies (Chapter 11I)
and ruminal studies (Chapter IV}, three sources of Ca
and P supplements, viz., dicalcium phosphate, rock
phosphate and superphosphate were selected for
comparative studies on nutrient utilisation and growth
on crossbred calves fed on a bassl diet containing
concentrate mixture and{}nughagecpfgg. Due to certain
clasims (Kratzer and Strarcher, 1963; Foll, 1966) that
chelatsad mineral supplements improve minersl utilisa-
tion, ancther group.of EDTA uas also included in the
studies, The chemical composi tion of the concentratas
mixtures used in tha four trestment groups UEE; kept
essentially the same and they diffaered only in type of
mineral supplesment (table 5,2)., A&s presented in
table 5.5, the vsriation in thair protein, fibre and
organic matter contents was kept minimum in the experi-
mental groups. Although the contents of Ca, P and other
trace minersl were not the ssme in these materials, but
their proporticons used in the preparation of minsral
mixtures were so adjusted (tsble 5.2) that they provided
gimilar level of Ca and P, i,8,, 664g Ca and 478q P per
100 kg of concentrate mixture. In group 11, EDTR was
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mixed thoroughly in the concentrate mixture @ 0,1% w/v

of concentrate mixture {(i.e., 1000 ppm)}. The asmount of
EOTA sdded in the ration of group II was calculated on

the basis of the findings in Experiment-2, Chapter IV

sc that the oversll concentration of EOTA in the total |
dlet was S00 ppm under the conditions where the DM ratioé
in concentrate and roughags was maintained as 1:1. EDTA
was found to improve the utilisation of In and several
other trace minersls in non- ruminants (Darwish and
Kratzer, 1965; Forbes, 1961) but no advantagecus observa-

tions could Fa macde in literature for ruminants (Poualf 4{\
st a) , 1967 Miller gt al., 1968 and Hiers gt gl., 1968).

5.3.2 Dry matter intake, nutrienmt utilisgtion
angd N-balgnce of calves

5.3.2.7 Dry matter lntgke and nutrient utilisgtion

As evident from table 5.7, the total daily dry
mgtter intaks or dry matter intake per 100 kg body welght
did not vary in the respective treatment groups. Also
the digestibility of organic nutriente, i,e., OM, AOF and
CP were statistically similsr, This indicates that the
compositiongl charaecteristics of rock phosphate or super
phosphate had no influence when used as Ca/P source on
intgke and utilisation of dietary organic nutrients and
compared to be similar to dicalcium phosphate supplemen-
tation group 1.

Fisher (1978) compared different aﬁppl.mental

forms of P such as dicalcium phosphate and certain puras
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phosphatic compounds like monccalcium phosphate, mono-
ammonium phosphate and monosodium phosphate by including
them as P supplement source in cattle ration. He found
that neither dry matter inteke nor the digestibilities
of dry matter or crude protein were influsnced by various
chemical forms of P, However, ths digestibility of acid
detergent fibre fraction was reported to be higher on
using monosodium phosphate as the P source.

Certaln other studies were conducted with
commercial grade supplements like gypsum and dolomite
limestons. HBouchrad and Conrad (1973) found that on
including agricultural grade gypsum in ruminant rstion,
not only there was depression in feed intake but slso
condition of acidosis developed in animals. Gerken and
Fontenot (1967) included dolomite limestone as commercisl
grade Ca end Mg supplement in ruminent ration., They
found that on using such supplements of Ca and Mg, there
was depression in feed intake and carbohydrate digesti-
bility.

T

In the present investipgation, no significant !éi?fb“
differsnce in fead N intake, Pascal or urinsry cutge K
caused no difference in N-balances also (Table 5,8). i
However, in cese of EDTA supplemented group 11, there was
lovered N-intske through roughage then othar groups but
the total Neintake wss not significantly different,

Probably this might have resulted in lowered N-balance

in this group compared to othsr groups. The figures were
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suggestive that they reached non~significant values only
marginally, otheruise they uere tending to show signi-
ficant difference. The findinge, therefore, suggested
that except for group II, other groups compgfad to be
almost_sigilar in terms of dry matter 162;;;,x;£§§s£ibi-

lities of proximate principles and N-balances,

5.3. 3 Calclus and Phogohorug utiligation

The Ca and P utilisstion from different sources
of Ca and P supplaments by growing cslvss vere found to
be gimilar in all the 4 groups as the intake, outgo and
the balance figures were statistically not differsnt
(table 5.9), Studies presented in earlier Chapter 11I
suggested that either in terms of composition or in vitrp
solubility in the ruminal buffer, rock phosphate and
super phosphate were not similar to dicslcium phosphate,
and therefore when judged on weight for weight basis
they were not similar sources of Ca and P supplementation,
As prasented in Chagpter 1V also suggested thaet parti-
cularly the P distribution in solubles phase was lower
in case of rock phosphate. But such distribution did not
influence the net ruminsl disappearance rate of Ca snd P,
for reasons alrsady discussed. Thersfora, in vivo
utilisation of Ca andg P from these three sources wers also
eacentiglly similar as observed in this sxperiment. Thise
wae particuylarly bstause the rations wvere constructed not
on the basis of weight to weight quantity of the supple-
ments but the totel La and P supply through feed from the
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three different sources were made similar, which raised
the quantity of rock phosphate and superphosphate used

(Group 111 and IV) in comparison to dieelcium phosphate
(Group 1).

The calcium and P balances were statistically
similar in EDTA supplemanted group Il ingpite of the fact
that both Cs intake from roughags and fascal Ca outgo
values wers very much depressed in this group in compari-
son to other groups.

Many workers have tried to compare the g&iiggggwﬁ,
bility of inorganic mineral elements on using different
ﬁaturally crude snd pure chemical sources of certain Ca
and P supplements. Thus, Ammerman et gl. (1957} compared
various sources of inorgenic phosphorus in steer ond lamb
belence trials. Rased on P retention and maintenance of

3 ilood P level, dicalcium phosphate, calcined defluorinated
;hosphata, bone meéal, soft phosphate with collodial clay
and curacgo island phosphate were of equal value for
stegrs, HSut in lambs, soft phosphate and defluorinated
phosphate were poorly utilised in comparison to the other
two sources.

Researchars differ with respect to their findings
on the use of various sources of Ca and P as an alternative
to dicelcium phosphate, In many instances defluorinated
rock phosphate was found to be inferior %o dicslcium
phosphate (Witt and Owens, 1983); Fishuick, 1976), but the
same has also been reported to be of egual value uhen

compared to dicalcium phosphate or stesmed bone meal
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(OfDnnovgﬂm¥§|§L., 1965 and Heminguway and Fishwick, 1975).

It.lg possible that the supplamanﬁr90urcas obtained for +

investigation differed in compositional quality. The

findings could elsc differ because of spacies differences

of experimental animals on uwhich the materiasls were tested.
Supsrphosphate was not found to be & satisfactory

P supplament for shegep because of its high F content, and

decreased daily gain and retention of Ca and P compared to

a standard P supplement (Agervwala gt al., 1971). 1In the

same study, calcination of superphosphate at 6000 € for

ey

ol
l’.z“'b

However, feeding of such treated materisl of superphosphate

2 hours lowered F content from 23,500 ppm to 1600 ppm. )
produced no such effects as mentioned gbove in case of
untreated superphosphate. In the present study, rock
phosphate end superphosphate used, containsd F in the

rangs of 1500-2000 ppm and showed statistically similsr
balance of La and P in the respective groups. Both the
alternative sources usad here appearsd to satisfy the Ca

and P nesds of the animals. Gohl (1981) had suggestsd

that superphosphate can be used as P supplement, if other

source of P is not availabls.

5.3.4 8logd Cq and P Jlevels

Cartain findings suggested that concentration
of phosphorus in the blood of young animals capable of 'S
rapid growth falL;rapidly vhen P intake is inadsquate ~
(uise et al., 1961) and also uwhen the P sgurce is poorly

utilised (Heminguay and Fishuick, 1976). Results of the
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present investigation as indicated in table 5,10 rsvealed
that serum Ca and P levels under different groups during
the entire period of expariment were quite similar and
differed neither with the treetments nor with the duration
of a particular treatment. A4s the animals under different
groups showved similar Ca and P balsnces (table 5.9), it
was evident that both these alternativs supplement sgurces,
i.e., Mussorrie rock phosphate and fertiliser grade super-
phosphate were able to satisfy the Ca and P needs of the
growing enimels in the present study suggesting that
these sources could be good slternative to dicalcium
phosphate as Ca and P suppisment sources, Further, EDTA

supplementation produced no significant advantage in so

far as the metaboulisms of Ca and P are concernsd,

Data presented in table S.11 revesled that Mg
balance in group IV yas significantly low as compared to
the values in groups 1, Il and 111, The lower intake of

Mg in group IV might be one reason, but compsratively

louer percent absorbticn of Mg in this group was not ¢ 1!

clesarly understood, Supplementation of EDTA in group II;%ﬁL

has resulted in an incresse of Mg absorbtion if comparedf”“

with group 1, 11 end I11I. The resson Por this increased!
Mg absorption with EDTA supplementation is not clearly
understood and needs further investigation. The animals

mainteined positive Mg balances in all the groups and

P b g e -
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)i their requirements seem to have besn met Prom the roughage
" ;and concentrate offered. Blaxter and McGill (1956), Field
2t al. (1958) have reported that minimum needs of sheep and
cattle for growth cen generally be met by pastures on
rations containing 0.07 to 0.1% Mg on eir dry basis.
1t is svident from table 5,12 that although the
animals in group IV shouwsd significent (P/0.05) lowver Fe
belance in comparison to control group, the balances wers
+ ve in #8ach case and wers sufficisnt to mest Fe require-
mente of calves, Hansard (1983) presented that intake of
100 ppm of Fe wes adequate for cslves upto 3 months of
age, and requirement was still less for older calves.
NRC {1978) suggested that 30~-40 ppm fa in ration may be
adequate Por grouwing czlves, The balances shown in
group 1, 11 and 111 (table 5.,12) are Quite high and may
be becauss of higher levels of intake in these groups.
Adcition of EDTA in group 11 has increased the
Fe gbsorbtion by one and a half times, Undsrwood (1981)
has reported thqt organic fomm of izon is betier absurbed
than inorganic form of iron which forms various chelates
in the diet., Chelating agent likes ascorbic acid improve )
its absorbtion, while EDTA inhibit the seme. Foll {1966), .
Forth end Rummal (1974), Hensard (1983) have shouwn that
ferric chelates §§j§e better utilised thsn ferrous L 9 ¥

b
r

sulphate, The reports in relation to the use of chelating
compounds ars contradictory end d.pond?&?%gn the typs of

chelate used ss well ss dietary conditions, 1In the %
i
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present atudy use of chelating agent, i.e,, EDTA has not
brought any adventageous effect in terms of body wt gain
as discussed later.

The deily intake of Zn, Mn and Cu by ahimals
under different treatment groups were commsnsurate with
the DM intake, There was no statistical difference in
terms of their aveilability or balances (table 5.13-5,15).
Only in case of Cu, addition of EDTA in the ration
marginally increased the absorbtion of this element(table
5.15). Housver; the studies suggested that Zn, Mn and Cu
utiligebility from different experimental rations containing

different mineral sources were not greatly altared.

The growth rete and feed efficiency data (table
5.16) suggested that starting from similar initial body
wts, the diffarent treatment groups, shousd non-significant
dlfferences in growth rate., However, figure 5,1 suggested
that although the grouth differences between the groups
ware non-significant, groups 11 and IV showed somewvhat
lower growth than groups I and 1!1, The differsnt supple-
ments supported medium daily body wt gain of calvses ranging
from 350 to 450 o/ day. Houwever, the gain to feed ratics
(g/kg) wes significantly lower in EDTA supplemented group 1l
than other groups. In EDTA supplementation group shoved
negative influence on feed consumption. The feeces of the

animals were of loose consistency. 3Similar observations

ST NS N
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were made in our lgboratory on feeding goats at the level
of 900 ppm EDTA supplementation.

It gg?fevidant from the discussions presented
above that although there uwere no significant differences
in terms of feed and mineral utilisation, serum Ca and P
levels and growth rats of animals, if rock phosphate or
superphosphate vas used as Ca and P supplement than uhen
dicalcium phosphate was used, there was possibility that
these alternative sources could sustain only medium
growth rate, But it is difficult to claim that these
supplements are enocugh to meet out the requirements for
high growth rate or high level of lactation, uwhich needs

further investigation.



CHAPTER-VI

SUMMARY AND CONCLUSICN




SUMMARY

On tracing the history of utilisation of Ca and P
supplements for use in mineral mixture during the century,
it appeared that the use of different sources remained
changing. Around 1902, meat by-products, meat scrapings
and tankages wers recognised as useful feed ingrediesnts
for livestock which might serve as mineral supplements
_apart from supplying othser nutrients. Shortly thereaftear,
bone meal emerged as a Ca and P suﬁplamant source for
animal feeds. By 1940, supply of bone meal became
ingdequats and ssarch for other sources uf phosphorus were
made. Since then varicus chemically processed phoaphates
originating from raw rocks came into practice as Ca and P
supplements and dicalcium phosphate emarged as good
potential scurce, '

Presently, in this country, chalk pouder and
dicelcium phosphate are the widely used Ca and P supple-
mentgﬁsources for animal feeding., With the development of
scisnce and industry in this country and consequent
avallability of 1naustrial wastes, there are possibilities
of finding tartain alternative potential sources of Ca
end P supplements which may become avallable at relatively
cheapsr cost shnd may be innocuous in use as animal feed
supplements provided compositional characteristigg_of

R
such material“Use able to sustain demands of incresased

S
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animal production in terms of growth, milk preduction
and animal reproduction. In the experiments discussed
below, attention has been focussed onh medium grouwth of

animal s.

Expesriment-I 3 Cchq:

Samples of dicalcium phosphate, rock phosphate,
Mussorrie rock phosphate, superphosphate, NPK fertiliser,
kiln dust, chalk powder, marble, lime, lime sludge uaste,
filter press mud vaste, fly ash, pelej mitti, khgrig mitti
and plaster of paris were collected and analysed for
different essential and certain incriminating elements
of nutritional considerstion,.

Before resorting to the compositional scanning
of different materials mentioned above, it was felt
desirgble to verify comparative reliance of techniques
uged for Ca snd P determination. Two techniques of Ca
and four techniques of P detarminations wers evaluated
using few samples of Cs and P supplements. The recovery
trials and the estimated values by differaent techniques
suggested that out of the tuwo mesthods tested for Ca
egtimation, AAS method using strontium as demasking egent
proved to be superior to the titrimetric method. Out of
the four methods trisd for P estimstion, the ACAC method
usging hydroquinone proved to be the most superior because
of 97% recovery by this method as compared to 23, 93 and

w

126% recoveries in titrimetric, molybdovanadate complex
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formation (ADAC, 1970) and Flske and Subbarow methods
respectively,

Compositional scanning of differant materials
included in the study suggested that lime, marble, chalk
poudsr and filter press mud waste had the potentislity of
being used as Ca supplemsnts as they contained 5 30% Ca
and /2% AlA. Matsrials like kharis mitti, pelei mitti,
plaster of paris and kiln dust were unsuitable as Ca or P
supplements because of very low Ca and P content and very
high (34-90%) AIA content. Samples of rock phosphate
and supsrphosphate with moderate P content ( y11%) and not
very high AIA content (/15%) could be the potential sources
of P supplements for animals, but F concentration nesaded
to be chacksd in every sample before they could be put to

use as minersl supplement,

Expeariment-11 : R t n

In vitro experiments vere carried out to test
the solubility of Ca from verious Ca supplement sources
such as lime, marble, chalk powder, gypsum and dicalcium
phosphate in ruminal buffer solution. Tha solubility
resulte wers compared with that of pure Ce Cl,. A&t pH 7,
the solubility valuss ranged from 0% in case of dicslcium
phosphate to 23% in case of gypsum. Even the Ca solubi-
lity in case of pure CeCl, wss only 5,3% at pH 7, UWith
the increase in buffer pH, these values increased to as

high ss 98.8% in caes of pure Cell, at pH 4., On decreasing



~184=

the buffer pH from 7 to 4, the solubilities of all the

Ca supplements increassed to variable proportions.

Similsrly, P solubility from various P supplements such

as rock phosphate ore, Mussorrie rock phosphate,

dicalcium phosphate and pure sodium phosphate in ruminal

buffer solution ranged from 14% in case of rock phosphate

to as high as 86.5% in sodium phosphate at pH 7 of the

ruminsgl buffer. Contrary to the findings of Ca solubility,

there was little improvement in P solubility from different

sources by scaling down the buffar-pH to 4.

Experiment-I1I ¢ Plyencs ¢ myta B
supplements on ruminal metabo ss and di g

. % L3 11 Bl Ol SaDpe 3 S | B DB BYT!
P Tumen

Based on the scanning studies in Expariment 1 and
11, Ca and P supplements liks marble, gypsum, Mussorrie
rock phosphate and superphosphate usre selected for ruminal
stugdies, and compared with dicalcium phosphate as a
standard source of Ca and P supplement, For this study,
s switch over desion was followsd by using 4 fistulated
snimals. While the basal feed consisting of conc.mixture
and straw remaine®d same in each case, the groups differed
only in terms of Ca and P supplements usad in minersl
mixture preparation, Calculated quantities of dif ferent
sources mentioned above wers compounded in the minsral
mixture in a way that the concentrates containing respective
minersl mixtures supplied same level of Ca and P. In

group TB no Ca/P supplement was used and termed as nepgative
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control, while dicalcium phosphate served as positive
control in Qroup T1. Marble and gypsum served as Ca
supplement sources in groups Il and I1I respectively, )
I?“E?fgg_g:pugs, so dium phosphate was used ss P supple- ﬁ?§$
ment., Mussorrie rock phosphate and fertiliser grede “Ysi
gsupe rphosphate served as both calcium and phosphorus
supplement in groups IV and V respectively. DOistribution
of Ca and P in rumen digestg and their disappearance
from rumen ware investigated. 1In addition, the influence
of different Ca and P sources on rumen fermentation
pattern was studied by investigating changes in the ruminal
energy and protein metabolites like VFA and NHS-N concenh=
tration together with ruminal pH.

The results indicated that there was no
significant effact (P ) 0,05) on dry matter intake of
enimals or on the ruminal pH and TVUFA concentrations and
individual VFA proportions in rumen liquor. However, rumen

NH,«N concentration was significantly (P/0.05) lower in

3
rock phosphate group for reasons not clearly understood.
B8lood serum values for Ca and P were alsoc statistically
simflar in all the groups and they ranged from 9.35-10.90
mg/100 ml in cese of Ca,and 8.36-10,86 ma/100 m1 in cass of
P, The values indicated that serum levels of Ca and P

were not lower than normal in any treatment group, Oistri-
bution of Ca and P in soluble, particulaete and solid phgses
af the rumen digesta differedk significantly (P/U.05)
betwueen the treatment groups. uhile sbout 7-9% of Ca was

distributed on the soluble phases of different treatment
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groups, Phoephorus distribution in this phase ranged from
30-50% approximately. Ca distribution in soluble phase
from rock phosphate was highest {(9.,4%) whereas P distri-
bution in this phase was lowest (29,3%) among the different
treatment groups. Ingpits of these differsnces in distri-
bution, the rumen disappsarance rates of Ca and P did not

differ for the reasons discussad,

Experiment-IV ; Inflyence of EDTA sugolementation on ruminal
" L) TR h 21 u Zflaln = 3 H ': -

The influence of different level of EDTA supple-
mentation in the diet of animals on ruminal soclubility of
Ca in SRL and disappearance rate from rumen was invesfigated,
The same four fistulated animsls ussd in earlier experiment
ware syitched over to the present expariment. EDTA uas
mixed in the concentrate mixture in the ratio of EDTA:Ca
(added through mineral mixture) as 0.231, 0.5:1 and 131 on
w/u besis in treatments T,, T; end T, respectively, and no
EDTA was addd8d in treatmsnt group T1. Concentrate mixture
containing dicalcium phosphats as Ca and'P supplemsnte in
the four treatment groups (T1 to T4) differed only with
respect to level of EDTA added.

Results of this experiment indicated that changing
the EDTA3Ca ratio did not affect rumen pH but Ca splubility
declined as a function of treatment. The values uere 40%
in group T1 and 59.9% in group T4. Howsever, the Ca concen=-
tration in SRL and its disappesrance rate were not altered
statistically with the addition of different levels of EDTA

in the diets of animals.
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Experiment-V 3 mmm_auman_;gmwmmm“
nnytrjent ytillsatign and

n i

Based on the rasults of esarlier sxperiments on

scanning and rumingl studies, three sources of CLs and P
supplements, viz., dicglcium phogphate, Muasorrie rock
phosphats and superphosphate wers selscted for comparative
studies on nutrient utilisation and growth in ruminants,
Dif ferent mineral mixtures were prepared using these Ca/P
supplements in proportions so adjusted, that they supplied
same level of Ca and P, i,e., 6649 Ca and 478g P pear 100 kg
of concantrate mixture in gll the groups. AN additional
group of EDTA supplementation was included in the studies
to investigate its effect on utilisation of Ca and other
minerals. EDTA was mixed @ 0,1% in the concentrate mixture
containing dicalecium hhoaphats as Ca/P source.

For this purpose, 16 crosshred calves wers dividad
equally into 4 groups (11 to Ta). The basal diet wes
essentially the same and was made around gresn maize as
roughage and concentrate mixture vhich differed only with
respect to the sources of Ca end P, The net mineral supply
through diet as also snsrgy and protein contents were
maintained at similar level. A growth trial of 16 weeks
duration was conducted at thes end of which a metabolic
trial was carried out to study the effect of different
Ca and P sources on nutrient utilisation,

Rasul ts of this expeariment indicated that there

was no significant difference in any of the parameters
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like dry matter intaske, digestibility of nutrients, mineral
balances including that of Ca snd P, and blood serum Ca and
P levels of animgls if rock phosphate and suparphosphate
wvere used as Ca and P supplements than vhen dicalcium phos-
phate was ussd. Although Mg and Fe balances in super~
phosphats group were significently lower (P/0.05) but were
positive enough to sustain ths grouth. Growuth raete which
was in the range of 350-450 g/day in the groups having
ussd thrse type of supplementa, feed to gain ratio was also
statisticaliy similar. However, growth rate in EDTA fed
group was depresssed though none-significantly (P >0,05) but

could bring about significently lower values in the same

qQroup.
_CONCLUSION
1. Certain analytical procedures for determination

of Ca and P in mineral supplements were comparatively
evaluated. 0On the basis of recovery, the Atomic absorption
spectrophotometer method for Ca esstimation, and method
using hydroquinone as reducing agent for P determination
vere adjudged toc be most suitable.

2. Compositionsl scanning of materials like marble,
gypsum, phosphogypsum, chalk powder, lime, plaster of paris,
khapig mitti, pelei mitti, fly ash, kiln dust, rock phos-
phate ore, Mussorrie rock phosphate, superphosphate,

filter press mud uaste,llime sludge waste and dicalcium

'
3
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phosphate, suégeated that chalk powder, marble, lime and
filter press mud waste could be good Ca supplements
because of high Ca content (> 30%) and low AIA content
(L2%), uwhile trock phosphate and superphosphats could be

used as an al ternative to dicalcium phosphate.

3. In vitro Ca solubility in ruminasl buffer was
low at pH 7, but increased considsrebly by sceling down
the pH to 4, P eolubllity was not dependent upen rumingl
pH, although different P supplements showed variable
solubilities,

4. Although distribution of Ca and P in solubls,
particulate and solid phase of the rumen digesta were
variable with certain Cs 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
NHS-N concentration in rock phosphate group, thess

supplements had no infiuence on other rumen metaboli tes,

5. With anr3331ng lesvel of EDTA supplementastion
in the dl!t dacraased the Ca solubility‘gl n the ruminal
]

fluid from 43 0 to 29 B%, but had no influence on the

di sappearancs pattern of Ca.

6. Ruminal eolubility of Ca and P from different
supplements suggasted that they have no bearing on post-

ruminal avaeilagbility of these minerals.

7. With some initial dietary adaptation period

needed for proper intake, rock phosphats and supsr-
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phosphate could sustain medium growth in animals ss an
altornatiya to dicelcium phosphate, if supplied in g
quantity to give similar Ca and P levelsgs in the diet, as
they showed no differences in growth or utilisation of

organic and inorganic nutrients.
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