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ABSTRACT

Feur trials were carried out te evaluate six Nigeria
limestene depesits as seurces of calcium in peultry
ratiens, The seurces tested came frem the Ashaka,
Calabar, Jakura, Sekete, Ukpila and Ygndev depesits,
Feur feeding trials were cenducted with breiler chickens,
while ene trial was carried eut with laying hens, In
the first feeding triazl the limestone from *the varic
were used te fermulate six breiler starter diets with
ne censideratien te varigtiens in calcium contents.
The diets were fed te brejiler chicks frem O«4 weeks of
age, The respense parameters studied include grewth rate,
efficiency ef feed utilizatien, fat free L1014 weight,
tibia ash weight, percent ash, bene length, ash calcium,
plasma alkaline phesphatase, leg abnermalitiss and
mertality rate, Results indicate ne neticable deterimeantal
effects of limestene seurces en the respense parameters,

The secend feeding trial invelved breiler finisher
chicks (5~8 weeks) and utilized the same limestene
seurces alse witheut censideratien te the variatiens in
their calcium centents, The same respense parameters
as fer trial 1 were menitered, The results eof this
trial agreed with the findirngs ef the previeus study.

The third trial was a further study en the effect
of limestene seurces en the perfermance of breiler chicks
O=4 weeks of age (see trial 1), This time hewever,

censideratien was given te the calcium centents e?
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the varisus limestene ssurces 3s sbtained by chemical
analysis befere incerperatien inte the diets. Alse
the ameunt ef limestene in each diet was increased at
the expense of the dicalcium phesphate in srder te
allew fer wider cilcium-phespherus ratie in the diets.
Results indicate that grewth rate respended significantly
(P/0.05) te dietary treatments but generally all the
birds grew well. Mereever, » the basis ef grewth
respense all the limestene ssurces were net significantly
different frem eich ether and enly the centrel greup
significantly excelled the Calabar, Sekete and Yandev
seurces. All ether parumeters respended in a similar
manner as in the previsus trial (1 and 2),.

Trial 4 was alse a further study en the effect eof
limestene ssurces an the perfermance of breiler finisher
chicks 5-8 weeks (see trial 2), This trial alse
utilized limesteane seurces that were chemically analysed
for calcium and censideratien was given te the varieus
calcium centents befere incerpsratien inte breiler
finisher diets, Results ind/cate that, the Calabar and
Yandev limestene seurces ceuld be incriminated in the
degths that eccured, This effect hewever needs further
investigatiens, Altheugh ash weights resulted in
csignificant variatiens ameng treatment means, ne
incidence of leg gbnermality due te calcium seurce wasx

evident and the birds grew well te market weight,
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Fer the layer study, limestene frem varieus seurces
were incerperated inte the diets with due censidergtien
te their analysed calcium centents. Respense parameters
menitered include rate of egg preductien, egzg weight,
feed per dezen eggs, feed intake, shell thickness and
change in bedy weight, Results did net shew any
significant effect of diets (limestene seurces) en
rate of egg preductien but egg weight was significantly
influenced by diets, Generally, diets that gave
numerically higher rate of egg preductien resultes in
significantly (P/0.05) smaller egg weights,

The results ef the selubility test indicated
significant (P/0.01) variatiens ameng the seurces
tested. The Ukpila limestene seurce was mere grarular
and gave the least selubility rate. The results eof the
bieavailability study indicated that Jakura seurce
(marble) was mere available and generally avail bility
of the limestene seurces ranged frem 27.0 te 92.8
percent . Fer ne apparent regsen, there seeamc te be ne
direct relatienship between the results of the selubility
test and these of the bieavailability study.

Frem the results ef these trials, it is cencluded
that all the limestene seurces tested were suitable
fer inclusien inte peultry ratiens fer any stage of

preductien,
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1.

INTROLUCTION

The term, pretein malnutritien, (which results
inm kwashieker in children) is net new in develeping
ceuntries; ef which Nigeria is the mest pepuleus in
black Africa. In this ceun*ry it has eften been said
that the chicken has the greatest petential fer bridging
the pretein deficiency gap (Bavid West 1979; Ikpi and
Akimwumi, 1979), This is because the chicken is
highly prelific and has the highest feed cenversien
ratie ameng farm animalis. Te these impertant advantages
nust be added the fzdt that pealtry meat and egg are
animal preducts that are unaffected ¥y secial, culiural
and religieus taboos militating against their censumptien
werld-wide, The interest shewn in psultry preductisn
in Nigeria in recent times is censidergble, The
Nigeria Agricultural and ce-sperative Bank Kaduna, 1981
annual repert shewed that, ef the 191 en«~geing preject
being financed by that bank aiene, at least fifty were
in peultry preductien as cempared te enly three in swine
preductien (Balegun and Chineme, 1981},

Since the advent of cemmercial psultry preductien,
the quest inte feedstuffs that weuld be fdeal fer peultry
has been en the increase, Until redently in Nigeria,
many eof the feesdstuffs used fer livesteck ratiens especially
peultry were imperted because lecal supplies were limited,
Recause of thir fracter cests ef such cenventienal feedstuffs

are very high, Animal nutriticnists in this country have

KAS!
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therefere been faced with the challernge of evalusting
lecal ingredient seurces fer livesteck ratiens,
especially fer menegastric animals. The need feor this
has beceme mere gcute in view of the ban en Ilmpertatien
of many ef the majer feedstuffs fer livesteck rotiens,
Studies en the evaluatien ef lecal seurces eof
feedstuffs have been mere cencerned with seurcing

for energy and pretein feedstuffs, Indeed net much
werk has been carried eut in the area of lecal seurces
fer mineral nutrients.

One of the essential macre-minerals whese lecal
seurcee can be investigated because of its abundance,
is calcium. The seurces in this ceuntry include
limestene, eystershell and bene meal, Nigerig has
several limestene depesits, The mest impertant gt the
menent are gt Nkalagu in Anambra State, Ashaks in Bauchi
State, Ukpila in Bendel Stzte, Yandev in Benue State,
Calabar in Cress River State, Abaji in the Federal
Capital Territery, Jakura (marble) in Kwara State,
Ewekere in Ogun State, and Sekete in Sekete State.
wWhile these depesits have generated the establishment
of severa]l cement and marbel plants, net much has been
dene te determine the quality ef these depesits as
seurces of calciur in livesteck diets and mere
especially in peultry diets (where calclum acceunts

fer abeut 80 percent ef the tetal mineral cempenent ef
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the layer diets)., Te date, the seurces of calcium

used in livesteck rztiens in Nigeria are mainly bene
meal, eystershell and imperted dicalcium phesphate.

If the feed milling industry is te grew, the
availability ef benemeal may be inadequate te meet

the calcium needs of livesteck. Besides, czlcium frem
bene meal alene cannet balance the layer and pessibly
breiler diets because eof its phespherus centent.

Oystershell availability is lew especially in the
hinterland with the result that the cest ef this raw
material as a seurce of calcium in ether parts ef the
ceuntry is quite high te Justify its use in a cemmercial
eperatien, It alse peses a preblem te & small scale
feed miller whe is unlikely te pessess the necessary
machines fer crushing the shells inte desired particle
sizes.

PDicalcium phesphate is imperted, expensive and is
usually used as a seurce of phespherus. The calcium
centent at nermal inclusien rates is eften inadequate
te meet the calcium needs in peultry diets.

While the seurces of calcium mentiened abeve are
geed seurces, the aferesald reasens give credence te
the cell fer investigatien inte alternative seurces
which will be cheaper and easier te precure lecally,

Te beest peultry preductien in this ceuntry in an
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effert te bridge the pretein demond and supply gap,

the cest ef feed (which acceunts fer 55 = 75 percent

ef the tetal cest ef psultry eperatien) must drep te

an afferdable range. The evaluatien ef this ceuntry's
limestene depesits te establish the safe and gzeed
seurces will certainly centribute te a reductien in

feed prices, since these seurces ef calcium will be
ebtained lecally and within easy reach of farmers.

The need te evaluate these limestene seurces ig
underscered by the spetty and unsubstantiated reperts
that Iinclusien ef the limestene frem seme Nigeria
depesits in peultry feeds had resulted 1in decreased
preductivity, and werse still, mertality ef birds en
seme farms. These ssrt ef reperts suggest that seme

ef the depesits may be asseciated with mineral elements
(eg flueride, selenium) that may be texic even at lew
levels. Mereever, it has been peinted sut (Tewa
Limestene Cempany , 1974) that net all limestene seurces
are high eneugh in calcium centent te be censidered
acceptible sources fer inclusien in animal feeds.
Limestene sheuld centain a minimum ef 38 percent caleium
te be censidered a geed seurce, Many atimes the same

. preduct 1s expected as calcium carbenate and as such the

limestene sheuld centsin abeut 95 percent c¢alcium

carbenate fer inclusien in peultry feed.



b.

The ebjectives of this study are te:

a)

b)
c)

sample representative limestene depesits in
the ceuntry

chemically analyse all the sample se precured
bielegically assay all the samples using
breilers and layers te determine which ef the
depesits may be safe as sources ef calcium In

peultry feeds.



6.

LITERATURE REVIEW

CALCIUM AND ITS IMPORTANCE IN ANIMAIL NUTRITION:

Calcium is a white silvery alkaline earth metal.
It wzas discevered by 3ir Humphrey Pavy in 1808, It
derives its name frem calx, a latin werd which me.ns
"lime", the exide of the element, Calcium dees net
eccur In a free state in nature but its cempeunds are
extremely abundant. Altheugh, net eccuring native,
calcium nevertheless enters inte the cempesitien ef =z
censiderable pertien ef the earth's crust where it
ferms about 3.5 percent ef the tetal censtituents and
the fifth mest abundant element in the earth's crust
(Encyclepedia Britancia, 1973). Abeut 99 percent ef
calcium in the animalt's bedy is lscalised in the benes
(Cremwell 1982, Scett, et al, 1982). Calcium in the
bene exists in twe ferms; an amerpheus er nen-crystalline
phase which is hydrated tricalcium phesphate, and a
crfstallized phase that resembles hydrexyapatite, a
compeund similar te the ferm in which calcium is feund
in nature {Irving, 1973). The remaining ene percent bedy
calcium which is feund eutside the benes ls widely
distributed threugheut the ergzns and tissues with
relatively large ameunts feund in the bleed, The bleed
cells are almest deveid eof calcium but the serum and
plasma centain 9 te 12mg per dl in mest species when

net in repreductive activity {sSimkiss, 1967).
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Twe ferms of serum calcium have been identified,
These are firstly, the nen diffusable ferm which cannet
pas8 threugh the peres eof an erganic membrane, It
is made up ef calcium -~ pretein salts. Secendly, there
is the diffusable ferm which can pass threugh the
erganic membrane. This ferm is cempesed of phesphate
and bicarbenates and acceunts fer abeut 60 percent ef
serum calcium (Lleyd et al. 1978), Abeut 50 percent ef
plasma calcium is in an ienized ferm and is physielegically
active, Jenized calcium is generally assumed te Dbe
the fractien under hermenal centrel. The remaining
50 percent is in nen~ienized ferm and physielegically
inert. Of this ferm, 40 te 45 -~ percent 1s beund te
pretein and 5 ~ 10 percent 1s cemplexed with citrate,
bicarbenate and phesphate.

Bleed calcium eriginates frem the diet but the
level in serum is under the influence of parathyreid
hornone. Parathyreid hermsne maintains the minimal
level of calcium in the serum by the mebilizatien ef
calcium frem the henes, simultaneeusly stimulating the
kidney te reserb mere of the calcium and enhancing the
abserptien ef calcium frem the intestinal tract,

(Lleyd et al. 1978), Calclum eriginating frem the serum

is impertant in the fellewing functiens:

~ the precess of bleed ceagulatien,

- the maintenance «f membrane intergrity and permeability,
- the transmissien ef nerve impulses

- efficient weight gain and feed utilizatien
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= egg Preductien and shell quality

~ the activatien ef certain enzymes,

= as structural cempenent ef bene and

~ the secretien ef a number ef hermenes gnd
hermene~relearing facters.,

Prem all of the diverse functiens ascribed te
calcium, the impertance of this nutrient te the well
being ef the animal will beceme apparent. 1t has
already been peinted eut that mest ef the calcium
in the bedy is lecated in the skeletal system but
serum calcium is the peint ef its erigin. Skeletal
system will be preferentially sacrificed te maintain
serum calcium levels vital te the life ef the animal
and the effect ¢f calcium deficiency er inbzlance may
first be shewn as skeletal abberatiens (Pee, 1974),
The calcium centent of the animal bedy is estimated at
1.2 te 1.5 percent en fresh tissue basis, 3.5 te &4
percent en dry tissue basis and 26 te 30 percent en the

ash basis {Gesrgievskii, 1982),
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CALCIUM METABRCLISM

Calcig!_gps.rption

' The bedy ef the hen centains appreximately 20grams
calcium while an egg centains 2grams., The ameunt ef
calcium secreted with a single egZg ameunts te abeut

10 percent ef the tetal bedy calcium (Hurwitz 1973),
This remarkable turn evere ef calcium makes the chicken
ene of the largest users of calcium. It alse
emphasizes the impertance ef calcium abserptien and
centrel during egg laying precess. This large less

of calcium must be met by equivalent abserptien frem
dietary seurces.

The presence of relatively large ameunts ef calcium
in the faeces led te early suggestien that this was
the path-way ef calcium excretien. Hewever, the calcium
in the lumen ef the small intestine is @ cembinatien
of dietary calcium and endegeneus calcium secreted inte
the gut as a censtitutent ef digestive Juice, Befere
thé tuse of radiesetepic techniques in nutritien, the
quantity ef endegeneus calclum was difficult te aser
ascertain, hence studies reperted calcium abserptien as
@ difference between intake and faecal excretien,

Liu et al. (1940) reperted en calcium abserptien
(intake less fsecal excretien) in yeung animals, that
up te 80 percent lumenzl calcium is abserbed. Chicks
(Omdahl and Peluca, 1973), laying hens (Hurwitz and
Bar, 1969a, and ether animals (Nicelaysen et al,, 1953)
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gdapt te lev calcium containiﬁg diets by increasing
their ability te abserd calcium frem the intestine,
Schachter and Resen (1959} used calcium - 45 en
everted gut sac and ebserved that calcium passed
threugh the mucesal membrane against a cencentratien
gradient indicating an active transpert mechanism,
Schachter et al. (1960) later demenstrated that the
abserptien of calcium was greater frem the dusdenum
and Jejunum than frem the ether distal parts ef the
smal) intestine. Hewever, Schuette and Linkswiler
(1984) later peinted sut that the duedenum exhibited the
greatest transpert capacity per unit length amd that,
in vive calcium gbserptien depends en the length ef
intestinal segment, the length ef time the foed is
present in that part ef the segment and the czlcium
cencentrstien, Hurwitz and Bar (1965, 1966) stated
that altheugh the abserptien ef calcium 45 is greatest
inlthe duedenum than the Jjejunum er ileum, the Jejunum
plays an impertant rele physiol.gically.since the element
passes rapidly through the duedenum, spending relatively
mere time in the middle and lewer regien of the intestine.
Kaupp and Ivey (1923) reperted that the digestive
precess of laying hen is very rapid; with fast passage
of feed threugh the digestive system znd mest eof the

calcium being abserbed in the upper part of the small
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intestine. Hurwitz and Bar ({968) feund that the
cencentratien and activity ef calcium in ultrafilterates
made frem the intestinal centents ef laying hens was
dependent upen dietary calcium level and seource,

In experiments te investigote the mechanism fer calcium
abserptien in the laying hea, Hurwitz and Bar (13968)
measured the activity, cencentratien and lumenal
electrechemical petential dif ference (ECPD) ef calcium
in different parts ef the intestine. Hu}witz and ®ar
(1968) reperted that the ECPD (defined as pesitien where
calcium was greater in lumen ef the intestine than bleod)
wag unfaveurable fer abserptien ef calcium in the lewer
ileum and celen as cempared to the duedenum and jejunum,
suggesting that there was ne net calcium abserptien

frem the distal segments as already reperted. Further
investigatiens were made by Hurwitz and Bar (1965b)

in chickens and hens inte the relatienship between the
caicium ECPD, celcium concentratien and calcium«binding
pretein ef the mucesal cells, When calcium cencentratien
in the diet varied frem 0.6 te 3.9 percent, the
electrechemical petential difference in the hens was
always pesitive in the duedenum and Jejunum and calcium
was abserbed dewn the gradient, In an in vive study

of calcium transpert in the laying hen intestine,

Bar and Hurwitz, (1969) suggested a simple diffusien as

a mechanism ef calcium transpert inte the intestiinal mucesa.



12.

In the ¢hick, the electrechemical petential difference
was pesitive with calcium cencentratiens ef 0,71 and
1.11 percent but negative with a cencentratien ef

0.31 percent. Hence at the twe higher cencentratiens,
abserptien was against the gradient, In the three
week old chick, Hurwitz and Bar (1970) feund that mest
calcium was abserbed in the upper ileum,

Hurwitz et al. (1973) feund that calcium abserptien
was higher aleng the small intestine during shell
fermatien than when ne shell was being fermed, except
fer the lewer ileum. They cencluded that twe regulatery
mechanisms eperate during calcium abserptien. The
actien ef ene regulating mechanism In the dusdenum
respends te relatively leng term changes in calcium
demands, while the ether aleng the small intestine
respends te the shert term changes in the calcium demand,
Reland et al, (1973) reperted after twe experiments
thet the tetal ameunt, rate of passage and abserptien
of feed and calcium in the digestive system was 48
percent ef the ingesta and 61 percent calcium in the

digestive system between Bpm te Ham,

Caicium retentien

In an attempt te estbalish why the hen excretes
heavy ameunts ef phespherus during evipesitien peried,

Tyler (1946a) cellected excreta frem laying birds at
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8 heurly interval and was able te shew the heavy
phespherus excretien appeared abeut the time of
evipesitien, as a result ef mebilizatien ef calcium
Phesphate frem the bene in which calcium used up and
pPhespherus excreted. Tyler (1946a) aulse ebserved
that there was a significantly lewer excretien ef
calcium and carbenate in the peried between 12 midnight
and 8.00am but this perled was net asseciated with shell
fermatien, He suggested that, the absence of calcium
in the fecal sample during this time represented the
last pertien ef the previeus meal which had already
lest much eof its calcium and carbsnate by leaching in
the crep and gizzard. Definite evidence of this was
sbtained by Tyler (1946b) when he examined the changes
in feed material as it meved aleng the alimentary tract
of the fswl, 1In the nen=laying hen, Tyler (1946a)
ebserved a marked decrease in the selubility ef the
calcium in the digestive tr:ct, particularly frem the
anterier te the pesterier part ef the small intestine,
this decrease cerrespends with a rise in pH but this
was net se neticable in the laying hens.

Knewles et al. (1935) reperted that in the excreta
of nen=laying pullets fed a ratien centaining adequate
aﬁounts of calcium, the calcium net beund te carbsnate

was cembined as dicalcium phesphate. Wwilweck (1970)
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reviewed the literature en the rate of abserptien znd
retentien of calcium by the laying hen in relatien te
age of the birds Frem this review, he fixed the value
of maximum abserptien ef calcium at 70 te B0 percent

of intake and retentien at abeut 10 percent less. He
then planned experiments te cever the laying seasen fer
hens eof different ages and preductive capacities, Birds
were assigned te lew, medium er high calcium diets,
Calcium was supplied te previded 0.5, 1.0 and 2.0
percent ef the feed. Retentien was estimated frem the
ratie of calcium=-47 te chremiumb51 in feed and dreppings
when the excretien ef chremium-=51 was cempleted,

He feund in the first test that befere the enset of lay
17 weeks eld hens given 0.5, 1.0 and 2.0 percent calcium
retained 41,3, 28,6 and 18.2 percent calcium which were
equivalent te 0.17, 0,27 and 0.,35g calcium respectively,
Befere and at the enset of laying, hens given 2, 3 er

4 percent calcium in the ratien retained 74.20, 59,6

and 55.4 percent calcium which was equivalent te 1,4%,
1.80 and 2.10 gram calcium respectively. In the tentt
menth ef lay, calcium retentien had fallen te 64,3,

41,7 and 2f.2 percent calcium which was equivalent te
0.95, 1.05§and 0.78 gram calcium respectively. In the
shell of eggs laid up te 8 heurs after starting te eat

labelled feed, less than 10 percent ef shell calcium was
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labelled, Hewever, secretien ef labelled calcium in
the eggshell increased with time, Eggs that were
laid 25 te 32 heurs after eating the labelled feed

had 61 (1,00g), 63.8 (1.14g) and 69.5 (1.15g) percents
labelled calcium fer yeung hens. The elder hens gave
32.9 (0.54g), 36.0 (0.66g) or 30,2 (0.58g) percents
labelled calcium in eggs.,

The effect of pretein intake en calcium (and
phespherus) metabelism in breilers was studied by
Fleresell (1973)., He neted that with the 23 percent
pretein diet calcium retentien was 35,59 percent ef
intake and with 11,5 percent pretein diet, retentien
of calcium was 11.81 percent. Brensen et al. (1967)
reperted frem the study ef calcium retentien in birds
that yeung pullets retained 24.9 percent (98gm eut ef
239mg) calcium frem its 36 heur passage threugh the gut,
Six menths eld laying pullets ate 1,.,66grams calcium
in 13 heurs and retained 1,20g er 72.5 percent ef int=ke,
Hens that were ene year eld ate 1,94 gram and retained
1.3g or 66 percent ef intake, Twe menths after hens
had ceased te lay, they ate less calcium (1.4g) and
retained enly 31.9 percent ef intzke er less than half
as much calcium as when they were laying. When laying
hens were studied at sherter intervals, it was shewn
that while an eggshell was being calcified, retentien

of dietary calcium was alwest 80 percent ef intake but
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immediately after the egg was depesited znd fer abeut
7 heurs afterwards, it fell te 20 percent enly te rise
ageln when the next shell began te ferm, At abeut the
same time, Iteh {1967) was alse studying calcium
metabelism in laying hens with respect te the
relatienship between eggxhell fermatien and calcium
retentien by an indicater methed. He reperted that
during shell fermatien, the calcium centent ef.
excreta was 2.79 + 0,18 percent and did net differ
between night and day. When ne shell fermatien was
taking place, the faecal esutput of calcium was
4495 + 0,46 percent and was high during the day than
at night, Retentien rate ef calcium was abeut 70
percent during shell fermatien and abeut hzlf trat
value when ne shell fermatien was taking place,

~ Lennard and Reland (1981) reperted that hen increased
their calcium retentien when fed high calcium diet
fellewed by a lew calcium diet, Instead ef retaining
1.57 gram calcium ad did the centrel birds fed 3.5
percent calcium, birds fed s diet centaining 6.4 percent
calcium and fellewed the next day by a diet centaining
0.4% calcium retalned 3,25 gram calcium representing an
increase of 74 percent in calcium retentien ever centrel,
when cglcium excretien in the urine befere and during
3h*11 fermatien was studied in White Leghern hens preducing
th%ck and thin shelled eggs, urine samples were cellected
at :different perieds after svipesitien and Bust et al,

1

(1180) reperted that celcium in urine decrease in beth
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shell lines frem 44img per 100ml te 5 te 6mg per 100ml
during shell {ermatien. When ne shell was being preduced,
hens eof beth lines excreted calcium in the urine at 34
te 53mg per 100ml threugheut the 20 heur ebservatien
peried., This was indicative ef increased utilizatien
and prebably renal reabserptien ef calcium during
shell fermatien,

FACTORS INFLUENCING CALCIUM ABSORPTION
ANEP RETENTION

Effect of dietary fats and eils

Fats are added te pesultry diets as a seurce of
energy, te impreve palatability, reduce dustiness and
in certain cases, a se-called extra caleric effect is
ebserved (Cullen et gl,, 1962; Matees and Sell, 1980),
Biely and March (1967) reperted that 12 percent saturated
fat added te the diet did net increase calcium
requirement ef the chick. Lipstein and Pernstein (156€8)
feund that neither type ner level ef supplemental eil
ha& any effect on bene calcificatien ef the chick,
Pepper et al, (1955) hewever, reperted that 5 te 10
rercent animal fat increassed the requirement fer calcium
by the chick. Whitehead et al, (1971) used maize eil
at varying percentages in the diet of chicks and feund
that the presence of any type of fat at er abeve the 5
percent level decreased calcium retentien, Retentisn
decreased with increasing dietary fat cencentratien and

increased with increasing abserbability ef fat. The
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efficiency ef fat utilizatien is dependent en their
cempenent fatty acids and saturazted fatty acids are
less efficiently utilized than are the unsaturzted
fatty acids (Scett et al,, 1982).

The deterimental effects of fat en miner=]
metabelism specially calcium, magnesium and zinc have
further been demenstrated by Whitehead et al. (1972)
Hakanssen (1975b) and Atteh et al, (1983). Atteh et al,
(1983) and Hakanssen (1975b) peinted eut th: t this
deterimental effect is due in part te the fermatien ef
inseluble seaps between fatty acids and minerals during
digestien which renders beth the fatty acid and these
minerals unavailable fer abserptien. Hakanssen (197%a)
recemmended that when high levels eof fat are intreduced
in;poultry ratien, calcium and magnesium levels sheuld be
increased, Edward et al, (1960) studied the interactien
between energy, pretein and fat centent ef r.tien en
ca}ciul utilizatien by the chicks., They reperted th t
with the lewer energy values, 20mg calcium per gram bedy
welght gain was required te give maximum bene ash, but
foF the highest energy value, the cerrespending value was
increased te 26mg calcium per gram bedy weight gain,

i Laying hens were fed 1.0 te 7.0 percent aciculated
seyabean seapsteck at 3.0 te 4.5 percent calcium by
Hurwitz et al. (1969). They reperted thet egg preductien
:nd size were net significantly affected by the level of
fat er calcium in the diet, This in effect means that
calcium frem the dietary scurce was well utilized eveﬁ

at the highest fat level eof 7.0 percent. Earlier, Lipstein
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and Bernstein (1968) cencluded that the presence of fat
as free fatty acids had ne effect en calcium
utilizatien in the chick. Naber et al. (1964) had

alse shewn that fat may infzct be used te impreve

calcium utilizatien when higher calcium levels are fed.

Effect of age of bird

Calcium abserptien and retentien are alse
dependent on age. Wilweck (1970) shewed that generally
speaking, as the hen ages, calcium retentien decreases,
Pjescak (1972) studied the metabelism ef calcium in
chicks ef different age greups, and reperted that
chickens ene menth eld abserbed 24 percent mere ca.cium
than these that were 3 menths ef age. While studying
seme facters that affect the rate eof calcium abserptien
in the fewl in vive, Than Sav Ling et al. (1972) neted
that laying hens abserbed significantly mere calcium at
20 weeks than at 40 weeks and mere at 40 weeks than at
60 weeks; and that females abserbed significantly mere
calcium than males, Petnkheva (1972) feund that, while
the intake ef calcium in 12 menths eld birds was high,
abserptien and retentien were net similarly high as
cempared te these that were enly 8 menths ef age.

Yeung hens are better able te abserb dietary calcium
than elder birds (wassermann and Tayler, 196&) and

the level eof dietary calcium can influence czlcium



20.

abserptisn and retentien (Kamilten and Cipera 1981),
Hewever, Reland (1980) suggestéd that the failure

in calcium metabelism that eccured as the hen ages may
indeed be the cause of peer shell quality in elder hens.
He further peinted out that results frem ether studies
suggest that the ability ef aged hens te abserb calcium
(and metabelize skeletal calcium in the precess of shell

calcificatien) was just as geed as that ef the yeung hen.

Effect of breed, sex and strain

In twe experiments (Cheshmedzhiev and Krsteva,
1984), breiler chicks were fed te appetite. They
reperted that, calcium utilizatien decreased frem
76,30 percent at 7 day eld te 54.71 percent at 56 day
old in the purelines and frem 70.85 percent te 55,53
percent in the hybrid line during the same peried. 1In
the female chicken, it decreased frem 68,29 te 46,33
percent in the pure line and 64,29 te 49,13 percent in
the hybrid lines respectively during the same peried.
Calcium utilizatien was significantly greater in the
male than in the female chicken and in the hybrid than

in the pure breed respectively,

Effect of Vitamin B

The deminant and mest easily demenstrable effect
of vitamin B is the enhancement of the intestinal

abserptien ef calcium (Wassermann, 1977). Over the years,
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a censiderable ameunt ef effert has been given te
understanding the mechanismlﬁy which vitamin D exerts
its effect en the intestine. The demenstratien by
Schachter and Resein in (1959) that the everted gut
preparatien can cctively transpert calcium gave
substantial impetus te this fleld. With everted gut
preparatien, it was clearly shewn that the vitamin P
status ef the animal frem which the intestine was
derived significantly affected the capacity ef that
intestinal preparatien te transpert calcium at a rate
of about 5 times greater than that ef preparatien frem
a Vitamin P~ deficient animal.

In additien te stimulating active transpert ef
intestinal ealcium, vitamin P can alse increase the
passive diffusien ef this catlen acress the epithelial
cell layer (Harrisen and Harrisen, 1969; Wassermann and
Tayler, 1968), This dual effect of vitamin B might
represent distinct mechanisms er manifestatien sf the
same fundamental change in the intestinal mucesa.
Harrisen and Harrisen (1969) suggested that the primary
‘effect of vitamin D was te increase the passive
permeability ef the intestine te calcium and secendarily,
the active precess,

The hypethesis that metabelite eof vitamin Bsz
enhances the synthesis of a pretein (Calcium~binding

pretein, CaBP) which in turn enhances the abserptien



22.

of calcium frem the intestinal mucesal cells was
enuciated from the pileneering studies by Wassermann and
Tayler (1966). They demenstratedt that the pretein was

net feund in the mucesa ef rachitic chicks but peared

after vitamin B; treatment, suggesting that it was
induced by this vitam§m. Altheugh the exact relatienship
ef vitamin 33 te calcium abserptien is net yet cempletely
understeed, it is well established that vitamin B3

must be metabelized te a mere active ferm ts preduce

its well knewn physielegical effects (Neville and

Deluca, 1966), The metabslite fractien acts mere

rapidly than the parent vitemin B in initiating calcium
abserptien and in metabelizing calcium frem benes

(Blunt et al, 1968). Blunt et al. (1968) discevered

that it was a metabelite of vitamin By identified as

25 ~ hydrexy vitamin p3 that was respensible fer carrying
sut the functien ef vatamin B. It soen became apparent
that the 25-hydrexy vitamin 33 dees net act directly en
the target tissue but must be metabelized further by
the kidney. The metabelite was later idenitified as

1, 25~dihydrexy vitamin By (Helick et al., 1971).

The 1, 25-dihydrexy vitamin D3 acts mere rapidly than
25~hydrexy vitamin By in the initiatien ef calcium
abserptien and in the metabelizatien ef calcium frem the
bene (Tanaka and Deluca, 1971) representing the mest
petent ferm ef vitamin D knewn at the present time te

influence calcium metabelism,
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ceuch et al, {1947) reperted that the level eof
calcium in the diet influence the ameunt ef vitamin D
requirement ef the chick., The effect ef chelecalcifersl
en bene fermztien snd serum calcium, phesphate and
magnesium was studied by Ramp et al. (1574). They
reperted that body weight ef chicks deprived of vitamin
D was significantly reduced after > weeks, whereas
these chicks with higher vitamin D intake was enly
Slightly reduced at 4 weeks. They further reperted
that serum calcium ef deprived chicks was significantly
lewer after ene week and fell pregressively thereafter,
whereas serum calcium ef chicks with high vitamin D
intake remained nermal threugheut the L-week peried.
The effect ef vitamin D deficient diet may net beceme
apparent in a shert time of zbout three weeks if the
diet is high in calclum (Newetarski 1943), after this
peried, the vitamin D effect can pregressively beceme
evident, This was demenstrated by Newetarski (164%)
using bene ash which did net shew any significant -
difference frem the centrel in a shert term but decreased
significantly at 10 weeks eof age. This decrease was net
ebserved in the presence ef vitamin B.

In trying te establish the calcium, phespherus and
vitamin D requirements ef chickens, Summers and Ce=werkers
(1970) neted a linear imprevement in feed utilizatien

with increase of vitamin 33 in the diet. 1n anether
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study, Summers et al. (1970) reperted that nigher level:
of vitamin D3 gave a better chick perfermance when
calcium level was 0.8 percent but when the czlcium

level was increzsed te 1.0 percent, lewer levels of

vitamin B; were needed fer better perfergance.
Garlich and Wyatt (1971) studied the effects eof
increazsed vitamin DB en calcium retentien znd shell

calcificatien. They found that extra vitamin 05

did net alter the calcium centent ef gpel] rer did
the ameunt ef vitomin D3 affect calcium retentien er

balance.

Effect ef Alkaline Phosphatase enzyme

A review ef literature by Njeku (1980) indicated
that alkaline phesphates (erthephespheric meneester
phespherylase) enzyme is widely distributed in nature,
The metabelic functiens are net yet precisely understeed
but its activities hewever, have been demonstrated in a
number of living erganisms and tissues. In the tissues
of vertebrates, alkaline phesphatase actively has been
demenstrated in the intestine (Redwell, 197G), the liver
(Redwell, 1979), the kidney (Metzek, 1950) and bene
(Hays and Swensen, 1977), Alkaline phesphatase is
reperted by Hays zand Swenson (1977) teo catalyse the
nydrelysis ef varieus phesphate esters under an alklaine

pHe It was ebserved that this enzyme was present in
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calcifying areas and Rebinsen (1923) incerpersted the
essentiality ef this enzyme inte a scheme of
calcificatien. Wassermann {1977) submitted that

apart frem calcium=-binding pretein, twe ether vitamin
D~ respensive preteins are the phesphatases, i.e.
intestinal alkaline phesphatase and the cslcium
adenesine triphesphatase. Wassermann {1977) shewed
evidence te demenstrzte that each ef these is increased
in cencentratien in mucesal tissue after vitamin D is
given te a vitamin P deficient animal. Accerding te
this auther, studies with alkaline phesphatase,
particularly with regards te its relatien to calcium
abserptien has tended to relegate this enzyme to a
secendary rele, since alkaline phesphtase activity
after vitamin D treatment increases enly seme heurs
after calcium abserptien has been stimulated. He
suggested that alkaline phesphtase may be mere cencerned
with phesphatase abserptien than that of calcium.

Greth and Frey (1966) shewed that vitamin D~
deficiency will cause a rise in alkaline phesphatase,
They fed a vitamin D deficient diet te chickens and
reperted a rise in the level of the enzyme and fall in
serum calcium (and phespherus) levels. The chwnges is
alkaline phesphatase activity ef the plasma which eccur
during grewth and at the enset of lay, have been knewn
fer many years. Alkaline phosphatase level in the serum
of laying hens is higher than thet ef cecks (Cemmens,

19%6a) but lewer in the adult hen than the yeung chicken
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{(Tanaka and Wilcex, 1960), Peterson and Parrish

(1939) showed that bloed plasma phesphtises varied
in nen-laying hens but attributed this te excessive
handling and bleeding., Laying birds shewed higher

values when egg-shell fermatien was preceeding

actively., They shewed that phesphatase values

tended te be paralleled by ilnerganic phesphatase

values and may be cerrelated with bene remeval,
Petersen and Parrish (193Q) fer plasma were greater
than fer whele bleed, but that this was net se with
bitds of 16 menths ef age. They alse reperted that
yeung birds had much higher plasma alkaline phosphataée
values than elder birds.

Gutewska and asseciates (1943) found that the
thesphatase activity in the plasma ©f laying hens
seemed to be related to their preductivity but net
Cl=zarly te their shell strength. Engh and Wilcex
(1971) suggested thst alkaline phesphatase activity was
net directly related teo egg preductien since strains
slected for egg preductien had a great variatien in
isezyme freguency, When the dietary level of calcium
is increased, the alkaline phesphatase, activity of the

serum 15 decrea-ed (Hurwitz and Griminger, 1961);
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Dumansvesky, 1962; Paul and Snetsinger, 1969). A
pesitive correlatien exists between the activity of
plasma alkaline phesph:tase and egg preductien
(Wilcex et 2l., 1963), but they did nat find =2
censistent cerrelatien between the enzyme activity
in the bleod and shell quality. Ceommon (1934) neted
that alkaline phesphatase activity reflected shell
calcificatien. Goed preducers laying streng shelled
eggs had higher plasma alkaline phesphatese levels
than peer preducers laying poer quality shelled eggs
(Gutewska et al,, 1943). _

Cemmen (19%4) feund that the levels eof alkaline
phesphatase in ceckerels and sexually immature hens
were cemparsble while the levels in the laying and
molting hens were higher. He peinted eut that shell
formatien is medizted by carbenic anhdrase, and that
enly ene-half of the tetal calcium need fer shell
calcification cemes frem dietary scurce, the remaining
ameunt ef calcium needed fer this purpese is met
threugh the skeletal tissue by way of the actien ef
alkaline phesphatase. This may explain the aebserved
higher alkaline phesphatase levels Jjust befere the
enset of lay. The studies ef Gutewska et al, (1943)
shewed that values for bone alkaline phesphatase of
goed and peor preducing hens when cempared with these

of plasma alkaline phesphatase level were lewer znd net
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the same fer goed and poor producers, but the plasmg
alkaline phesphatase levels were cemparable in greups
laying goed and peer quality shell respectively.

They suggested that since the diet was adequate in
calcium there was ne demineralizatien ef the bene.

Bell (1960) feund that nen-laying hens arnd cocks
shewed plasma alkaline phesphatase activity ef equal
magnitude and th:t yeunger birds have a higher level
of this enzyme asctivity than the adult birds. He
suggested that the temperary increase in plasma
phesphatase in laying hens prebably was a reflectien
ef 2 stimulatlen of esteeblastic recalcificatien
precess necessisitated by the drain en skeletal
calcium required fer eggshell fermatien.

Reichmann and Cenner {1977) studied the effects
ef different dietary cencentratiens ef calcium and
phespherus on preductien and seme aspects ef metabelism
in the laying hen. They reperted ameng other findings
that as the level of dietary calcium increased, plasma
calcium alse increased significantly with a resultant
decrease in alkaline phesphatase level. They cencluded
that alkaline phesphatase level was one of the suituble
calcium status ef the asnimal,

Garlich et al. (1984) reperted that serum alkaline
phesphatase activity was highest in immature nen~laying

hens than in the mature pullets er lavers. They found
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ne censistent trend in the mature hens. The enzyme

was significantly cerrelated with serum calcium at

55 weeks of age. They cencluded that, their result

was suggestive of the censequence of inadequate calcium
intake during het weather. Meluzzi et al. (1986)
c¢encluded that plasma alkaline phesphatase level was

highest befere laying and during melting states.

Effect of calcium - binding preteins (CaBP)

The mucesal calcium~binding pretein was first
reperted by Wassermann and Tayler (1966, 1968). They
feund thzt the enzyme appeared in vitamin D deficient
animals in respense te the administrztien ef vitazmin D,
suggesting that it was induced by the vitzmin,
Accumulated evidence strengly suggests that calcium-binding
pretein (CaBP) plays an impertant rele in calcium
abserptien (wasserman and Tayler 1968; Tayler and
Wwasserman, 1969). Its capacity te bind calcium and ferm
a cemplex with it, suggested that CaBP was related te the
mevement ef calcium threugh the mucesa ef the intestine,
This finding was cellaberated by the repert of Ebel
et al, (1969) and wasserman (1974) whe reperted the
appearance eof CaBP in intestinal hemegenates at the same
time that an increase in calcium abserptien due te vitamin
D was ebserved., Wasserman (1977) and Hurwitz (1973)
feund that CaBP was higher in the laying hens than in

nen-laying hens. Hurwitz and Bar (1669a) related this
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increase in the calcium=binding pretein in the chick
te the need of the chick te aﬁsorb calcium mere
actively due te the drep in the gradient ef calcium
frem the intestinal lumen te the bleed. Hurwitz
(1973) alse feund that CaBP in moturing pullets was
increased markedly but te a lewer level than was feund
in elder laying hens. The auther fziled te induce
an increase in CaBP in pullets en a lew calcium diet
as in chick. Hurwitz (1973) cencluded that in general
terms, the appearance of CaBP cerrelated well with the
knewn facts ef changes in abserptien ef calcium during
maturatien and early egg laying.

Vitamin D-dependent CaBP eccur in ether tissues
besides the intestine (wassermen, 1977) and has been
lecated in the kidney of several species and in the shell
gland ef laying hens. These tissues (intestine, kidney
and shell gland) are these acress which censiderable

ameunts ef calcium are translecated,

Influence of Bile and Bile Salts
Weblind and Helds (1965) have shewn that calcium

abserptien is increased by bile and bile salts in beth
rachitic and vitamin D treated chicks. They sugg‘sted
that bile may have three separate actiens.
- by acting directly en the mechanism fer abserptien

of seluble calcium
- by increasing vitamin D abserptien and hence indirectly

affecting the calcium mechanism

~ by increasing the availability ef calcium from sparing
calcium phesphates.
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Influence ef pH

The effect of pH en colcium abserptien and retentien

was demenstrated by Hesse and Brandt (193%). Using rats,
they shewed that the abserptien ef calcium depended en
the pH of the gastreintestinal centent and that water
Selubllity ef calcium preparatien had ne marked

effect. With yeung grewing rats en an acid diet, the
additien ef calcium citrate glucephesphate supplegent
caused an Iincrease abserptlen and retentien ef calcium
but with an alkaline diet, the reverse effect eccured,
Than Sau Ling and Jalaludin (1972) failed te demenstrate
a significant effect of pH en calcium abserptien when
they studied seme of the facters affecting the rate of
calcium abserptien in the fewl. Tyler (1946a)

esbserved a marked decrease in the selubility ef calicium
in the tract of non-laying hens and thig decrease

cerrespended te a rise in the pH eof the intustinal centent,

N | CALCIUM IN BODY TISSUES

Calcium in the bene

In additien te being the structural frame werk ef
the bedy, benes alse serve as the calcium and indeed
mineral reserveir ef the bedy. 99 percent ef calcium
in the animal bedy is in the benes and calcium
censtitutes about ene third eof the weight ef fat-free

dried bene {Scett et al,, 1982). Despite the seeming
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perfermance ef the miﬁeral depesits, bene is censtantly
being fermed and reserbed mere rapidly during early
develepment but at a declining rate during adult 1life,
In the many experiments cencerncing less ar gain ef
minerals frem the bedy, the changes in percentages

¢f ash in dry fat free benes have been interpreted

as indicating changes in the calcium (and phespherus)
status ef the body (Duckwerth and Hill, 1953). Many
researchers are of the view that a decline in ash
percentage is a geed evidence that part ef the bene
salts has been leached frem the eriginal bene, and
earlier histelegical metheds gave results that supperted
this view,

McLean and Bleem (1941) used sections of uncalcified
bene instead of the usual decalcified material and feund
that, when minerals were lest frem the bene, the matrix
and the mineral matter were remeved simultaneecusly,

The finding was later cenfirmed (Bloam et al. 1941)

and this led te the general thesis that the mechanism

by which mineral matter is lest frem the skeleten is ene
of reserptien and net demineralizatien i.e. when minerals
are lest from the skeleten, bene weight and ash weight
sheuld be recuced but net ash percentage. Hewever,
Mergan gt al., (1942), Warneck and Duckwoerth (1944),

and Ellinger et al, (1952), all found reductien of the

percentage of ash in dry fat free bene when less ef



mineral had eccured. They each peinted eut however
that ash weight gave a mere satisfactery result,

Buckwerth and Hill (1953) cencluded th=t ash
percentage and ash weight tegether are better criteria
fer assessing changes in the mineral status ef the
adult skeletem than either alene.

Several metheds ef evaluating the mineral status
of bene are employed. Using a medified Alle-Kramer
Shear press te measure the breaking strength ef tibia
of 4 week old chicks, Reland et al. (1967) and Njeku
(1980) reperted that breaking strength was highly
correlated with tibia ash. They beth cencluded that
the breaking strength is a geed measure of dietary
calcium (and phospherus) status in tibia ash. 1In
anether study, Reland et al, (1974) net enly confirmed
the results eof their earlier study but alse reperted
the cerrelatien that existed between bedy weight and
tiﬁia ash. Hewever, the later study was carried eut
using chickens that were 10 menths in lay while the
fermer utilized 4 wecks eld chicks. The effect of
calcium (and phespherus) en perfermance of layers in
Nigeria as measured by bene ash, calcium (and phesphorus)
retentien was studied by Ademesun and Kalange (197%),
They feund that beth tibia ash and calcium centent in
the ash increased with increasing dietary calcium levels

K"“.S““"I Eals N WNTTY f
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{2.0 te 4,25 percent). Birds en deep litter had
significantly higher tibla calcium than these in
cages, Tibia ash and calcium centent ef ash increased
rapidly in the first 8 weeks in preductien and
thereafter, remained fairly censtant.

Animsl benes are reperted te centain appreximately
36 percent calcium and this value, varies little ameng
benes and ameng greups (Tayler et al., 1960; Behman
fet als, 1962 and Field gt al., 1974). Therefore ene

bene may be selected for analysis as being representative

of the skeleten as a whele.

" The data presented in Table 1 shew the marginal

variatien among bones. Calcium concentratiens in the

" benes may hewever by decreased by dietary manipulatiens
i(Norris et al., 1972), and the preductive state of the
ranimal, When a calcium source is remeved from laying
hens during the peried eof meult or at the time of sale,
Bell (1985) peints eut that the hen centinues to lay eggs

iand must immediately take calcium from her bones in arder
ito maintain her shell as leng as pessible, This results
lis fragile benes, increasing the chances ef breakage in
'handling or meving. Bell (1985) ebserved that witheout
eystershell, removal ef feed fer 10 days resulted in an
18,7 percent less in ash and an 18.5 percent less 1in
calcium in the femur. The hens receiving eystershell
had lest enly 8.2 percent ash and 5.2 percent calcium

respectively, i
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Table 1 ¢ Calcium cencentratisns in the benes ef chicks
Bedy weight Number of Bene state Bene type % Calcium
in kg animals coencentratien Reference
1.0 5 Ash Femur 3647 Tayler et al., 196C
1.0 5 Ash Tibia 36.9 Tayler et al,, 1960
0.2 10 Ash Femur 34,6 Rucker et al., 1969
- 12 Ash Ribs 37.2 Field et al,, 1974
- 12 Ash Femur 39.1 Field et al., 1974
2 10 pry fat Free Tibia 21,8 Nerris et al,, 1972
2 13 wet Femur 14,5 Ve et al., 1978
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Calcium in the Medullary Bene

The femratien of a large quantity ef endestezl
bene in pigeens was decribed by Kyes and Petter
\1934)., 1In birds, medullary bene seems te be fermed
at the expense of other parts ef the skeleten.

Hurwita (1973) ebserved medullary bene in the peint

of lay pullets fed a calcium deficient diet and
cencluded that calcium depesited in medullary bene

is derived frem structural bene. He demenstrated

by the use eof calcium ~ 45, that even under sufficient
calcium intake, seme of the calcium used in the
medullary bene fermatien was derived frem neighbeuring
structural benes. Landauer et al., (1941) hewever
feund ne evidence that the medullary bene was fermed
at the expense eof ether parts ef the skeleten. The
depesitien ef the medullary bene starts at abeut 10-14
days befere a pullet cemes inte lay. This peried
cerrespends with the time when the bird starts te
secret extra sex hermenes and te retain extra calcium
and phespherus (Hurwitz, 1973). Sterage ef calcium in
the skeleten appears te have eccured threugh twe reutesj
firstly, the ferm=tien ef medullary bene which is
usually absent in immature pullets, This route
represents at least 30-40 percent ef the sterage
(Hurwitz, 1973). Seceondly, threugh increase in
calcificatien ef the structursl bene. Simkiss (1967)

had alse shewn by mezns ef radie isetepes that the
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retained minerals are infact depesited in the medullary
benes, Zendek (19%6) ebserved that the sites fer
medullary bene are the leng benes particularly the
femur and tibia but net the humerus. The cycle eof
changes threugh which medullary bene passes shews that
it is fermed primarily as a sterage site fer minerals
(Bleem et al,, 1941), theugh there may be incidental
strenghtening ef the whele bene (Gardner, 1940),

Calcium in the bleed

Deebald et al, (1938) reperted that as a pullet
appreached the laying stage, there was a rise in
bleed calcium level from 7-S9mg per 100g whele bleed te
12-24mg per 100g. This rise was shewn te start 20-25
days befere the first egg is layed and it reached a
peak in abeut 7 days and then fell again. Bleem et al.
(1941 ) asseciated this rise in bleed calcium level in
pullets about te lay te the fermatien ef medullary bene.

.In an experiment designed te answer several questiens
regarding calcium metabelism during the pre-laying
peried, Hurwitz (1973) reperted ameng ether findings,
that plasma calcium increased from around 10mg percent,
(typical ef nen-laying hens and mammals) te ever 20mg
percent (typical of laying hens), He feund ne significant
difference in this parameter ameng the varieus dietary

calcium levels (4 percent and 1.3 percent) used in the
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study. When lew calcium diets were fed te laying
hens, Desbald and co-werkers (1938) fsund that eggs
were laid when bleesd czlcium was lew er falling.

When an adequate calcium diet was given following a
lew calcium diet, there was & big rise in bloed calcium
after a delay eof a few days fellewed by a fall and

the cemmencement of a regular laying. When calcium
seurce was remeved, laying centinued fer absut 10
days with shells beceming pregressively thinner and
the bleed calcium fell te 7-Smg per 100ml. They alse
repsrted that there was ne cerrelatien between shell
thickness and bleed calcium levels, and found that |
high preducing hens shewed little fluctuatlien in bleed
calcium level.

Deebald et al, (1958a) remeved the eviduct from a.
number eof pullets & te 8 weeks eld. They reperted that
when laying cemmenced, there was ne differences 1in blesed
calcium level bhetween experimental and contrel groups,
and the typical prelaying rise and fall in bleed calcium
wag sbserved in each greup. Earlier, Deebald and
assaciates (1936) had found th:t the bleod calcium
level of the laying pullet dees net shew any marked
variatien during an entire laying cycle, but Cemmen
(1936) feund a wide variatien in the calcium content
of the bleed in individual hens during a feur month study

peried, Russell et al. (1920} attributed the rise in
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bleod calcium level as the pullet cemes into lay te
an asseclated increase in eva size. Heller et al,
(1934) cencluded that half of the increase in bloed
calcium is present as a pretein beund ferm and the
sther half as an unknewn abserbable form ef calcium,
pessibly celleidal calcium phesphate. Tayler and
Russell (1935) found that diffusable calcium of the
serum was 5.4 and 5.3mg per 100ml ef serum fer the
laying and nen-laying hens respectively. The
nen-diffusable calcium in the serum rese from a value
of 6.4mg per 100ml of serum for nen-laying hens te a

value ef 16.1mg per 100ml fer the same birds when in
lay. The effect of source and particle size ef calcium
carbonate en shell quallty was studied by Reland and
Harms (1973), whe reperted among ether findings that,
the substitution of hen er pulletesized limestene er
oystershell;for two~thirds of the finely ground
iimestone i?creased serum calcium in the Summer but

net in the Fall. Mitcku et al. (1971) cenfirmed the
influence of calcium source en serum calcium in the
Summer whenithey reperted that fessile shell did result
in the highkst plasma calcium values. Hewever, a similar
experiment was net conducted in the Fall as in the
previsus caie reperted. Scott et al, (1971) reperted

that plasma calcium of hens fed calcium diet after 8

months was 28.1 and 27.1mg per 100ml at 4am and 4pm
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respectively on limestene diet and 32.9 and 29.5ml per
100ml respectively during the same peried en
eystershell diets.

Kim (1971) reperted that hens given eystershell had
8.9 te 17 percent higher plasma celcium ever those
given limestone diets. He cencluded that this difference
in plasma level between eystershell and limestene sources
may be due in part, te the constant "metering" ef
calcium from the gizzard inte the bloed, and recemmended
that limestone now cemmenly employed in layer ratien
as a calcium source be reduced to ene-third and the
ether two-thirds be replaced by hen size eystershell.
The effect of pretein level en plasma calcium level
was demenstrated by Man and Tepereva (1981). They
feund that during the first phase of egg productien,
the pullets fed the high pretein diet (19,5 percent)
had higher concentratien ef calcium (and phespherus)
fractiens in bleed serum than the centrel. During
the second phase alse, the high preotein greup shewed
a greater concentration ef tetal and pretein bound

calcium (and phesphorus) fractiens in the serum.

EFFECT OF HORMONES IN MAINTAINING BLOOD CALCIUM LEVEL:

The Parathyroid Hermene

Altheugh the nutrient - calcium, is usually asseciated

with the skeleton and eggshell fermatien, it is well
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knwen that the calcium ien cencentratien in the bloed
and extracellular fluid is impertant in many critical
bedy activities. The maintenance ef a censtant
calcium environment in these bedy fluids is the
respensibility of parathyreid hermene (PTH) secreted
by the parathyreid gland, The parathyreids were first
adequately described in 1860 by Sandsterm. It was net
until 1909 however, that MacCallum and Veegtlin related
the parathyreid te calcium metabo.ism by alleviz=ting the
symptems ef a parathyroid-ectemized animal with the
administratien ef parathyroid hermene:
- raises the serum calcium and lewers the serum
phespherus,
- Jincreases urinary excretien of phesphate but
decreases excretien ef calcium,
- remeves calcium frem the bones particularly if the
\dietary intake of calcium is inadequate,
- increases serum alkaline phesphatase level if changes
in bene have been preduced,
- activates vitamin D in renal tissue by increasing
the rate ef conversien ef 25-hydrexychelecalciferol
te 1, 25-dihydroxy chelecalciferel,
In the kidney PTH affects renal tubular reabserptien
of calcium and reabsoerptien or excretien ef phesphates.
There is alse evidence that parathyreid hermene increases

the rate of abserptien ef calcium from the intestine, an
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effect that is cemparatively miner and mere likely

2 result ef its renal actien te increased preductien
of 1, 25~dihydrexy Bz (Gredsky, 1979). The actiens

of the parathyreid hermene en bene and kidney are
independent precesses. Galliard (1959) demenstrated
the effect of parathyreid hermene en bene reserptien
by placing a fragment ef bene adjacent te a parathyreid
gland and they reperted that after several weeks, a
disselutien ef bene adjacent te the graft resulted
while a preliferatien en the side of the bene eppesite
the graft was seen. The mechanism by which the
parathyreid hermene stimulates bene reserptien is net
knewn but Gredsky (1979) speculated that the hermene
increases the ameunts ef beth citric and lactic acids
in the tissue and beth ef these acids ceuld act te

make bene seluble. Hewever, Gredsky .1979) argued

that the ameunt ef acid preduced appears insignificant
te explain the degree of bene reserptien ebserved,
Anether hypethesis pesulated was that the parathyreid
hremene may act te stimulate pretein synthesis in the
esteeclasts, which in turn effect reserptien ef bene.
This view was supperted by the ebservatien by Gredsky
(1979) that inhibitien ef RNA synthesis by dactinemycin
blecks the activity ef the hermene in vive. He hewever
further centradicted this hypethesis by saying that,

the rapid acute effect of parathyreid hermene en bene
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reserptien is net inhibited by dactinemycin indicating
that at least, part ef the activity is independent ef
RNA and pessibly ef pretein synthesis as well.

Changes in bleed calcium in the fewl fellewing the
administratien ef crude extract parathyreid hermene
have net been censistent, Cellip (1931) was unable te
demenstrate any effect of the hermene en the bleed
calcium ef nen-laying hens. Later MacOwen (193%2)
reperted similar findings with meulting hens when he
injected parathyreid hermene extract as large as 1ml.
when up te 10.5m]l eof the hermene were administered
inte pullets hewever, the serum calcium level was
raised 15 te 19 heurs pest administratien. Knewles
et al, (1935) feund an increase in bleed calcium in
immature pullets and nen laying hens when Jml
parathyreid hermene extract was injected but failed
te demenstrate the same effect in cecks fellewing
similar administratien. It then appears frem the
findings ef Knewles and Ce-werkers (1935) with pullets
that the ene millilitre (1ml) administered by Cellip
(1931) and MacOwen (1932) was net large eneugh te cause
any neticable physielegical change. Altmann (1938)
injected frem 2 te 4mls ef parathyreid extract

intramuscularly ever a 2 day peried inte immature
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pullets and reperted an increase eof 47.17 percent in
bleed calcium.

Urist (1967) feund that during the repreductive
cycle, females ef the avian species metabelize large
ameunts ef calcium and depesit large ameunts ef apatite
in intramedullary bene and censequently develep
hyperplastic and hypertrephied parathyriéd glands.
Secendary hyper-parathyriedism develeped when the
ameunt ef calcium in the diet was lew. Hyperthyroidism.
either endegeneus er frem injectiens ef parathyreid
hermene extracts, preduced reserptien eof endesteal bene
and net mebilizatien ef the depesits ef intra-medullary
bene that nermally steres calcium fer shell calcificatien.
He peinted eut that, the specificity ef the site eof
actien ef the hermene suggests that, the precess of
mebilizatien ef minerals frem intramedullary bene and
fluctuatiens in the level of calcium in the bleed are
attributable net te the actien ef the parathyreid hermene
but indirectly te cyclical changes in the eutput ef
eestregen,

Candlish and Tayler (1970) reperted that the
metabelizatien ef skeletal calcium in laying hens by
parathyreid extrect is extremely repaid. They suggested
that this mechanism is capable of previding calcium
foer eggshell fermatien within a shert tine after release

ef the hermene, Candlish and ce-werker (1970) further
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peinted eut thiat the effect ef parathyreid extract en
the excretien of calcium by the kidney eof the fewl is
equally rapid. Mueller et al. (1973) studied the
respense of laying hens fed diets centaining either
2.26 percent er 5 percent calcium during beth shell
fermatien and when ne egg was in the shell gland.
Parathyreid hermene injectien significantly decreased
plasma calcium and phesphate within five minutes.

This was fellewed by an increase in the cencentratien
ef beth iens until a maximum was reached after 20 te 30
minutes, After ene heur, plasma level ef beth iens in
pullets fed 2.26 percent calcium diet were again
practically nermal. The maximum plasma calcium and
phesphate respenses fer the 5 percent calcium diet have
mere than twice as large as fer the 2.26 percent calcium

diet while the stage in the egg cycle had ne respense,

Calcitenin

It 1s knewn that lew calcium diet leads te
hypertephy and hyperplasia ef the parathyreid glands
and that perfusien ef parathyreids with calcium free
bleed results in the appearance ef parathyreid hermene
in the efferent vessels ef the parathyreid gland. The
eppesite effect, a fall in serum calcium level fellewing
perfusien with high bleed calcium has léng been

believed te be a result eof inhibitien ef parathyreid
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hermene release., Cepp and Cheney (1962) have hewever
ebserved that the fall in plasma calcium resulting
frem hypercalcemic perfusien ef parathyreid gland
eccured seener and te a greater extent than that
fellewing tetal surgical parathyreidectemy. These
ebservatiens led Cepp and Cheney (1962) te pestulate
& hyporcalcemic facter - calcitenin secreted in respense
te hypercalcemia. Subsequently, the existernce eof such
a facter was cenfirmed and it was demenstrated te
erginiate frem the thyreid gland (Fester et al,, 1964).
In chickens, in which the thyreid and the ultimebrachial
glands are separate, ne calcitenin can be extracted
frem the thyreid gland.

The release eof calcitenin is stimulated by high
level of ienized calcium in the serum. Calcitenin
i1s directly effective in bene, where it results in
metabelic effects eppesite te these ef parathyreid
hermene, 1In the kidney, calcitenin in centrast te
pa;athyroid hermene, increases calcium excretien and
inhibits synthesis ef 1, 25-dihdrexy vitamin 93.
(Gredsky, 1979). Cepp and Cheney (1962) and Tauber
(1967) demenstrated thzt small deses ef extracts frem
the ultimebrachial gland ef chickens preduced marked
hypecalcemia in rzts. This is in centrast ty thyreid

extracts frem chicken which failed te preduce hypecalcemia
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in rats (Kraintz and Paul 1967; Urist 1967). Lleyd,
Petersens and Cellins (1970) feund that ultimebrachial
extract had ne detectable effect en serum calcium in
laying hens. They cencluded that, the functien ef the
ultimebrachial gland in birds is still incempletely
understeed particularly since evidence eof

calcitenin in chicken is incensistent.

CALCIUM APPETITE

Calcium appetite refers te the ability ef an animal
te selectively censume calcium rich substrstes te meet
its minimum requirements fer calcium. The existence eof
a specific calcium appetite in rat has been well
decumented. When Richter and Exkert (1937) preduced a
state of calcium deficiency in the rat by parathyreidectemy,
they feund an increased preference fer calcium lactate
selutien. A calcium-deficient state can alse be induced
by feeding a diet lew in calcium. When twe dietary
treatments were fed te deficient rats, there rats shewed
a relative preference fer feed supplemented with a
mixture of twe percent calcium lactate and ene percent
calcium sulphate (Widmark, 1944),

Scett et al, (1950) demenstrated a specific hunger
fer calcium in rats when the animals had been deprived
of calcium. In the case of the demestic fewl, Hellwald

(1931) reperted an experiment in which hens were deprived
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ef calcium, after which he divided them inte twe greups
with ene greup being given macareni with egg shell
cencealed in the macareni while the ether received
macareni alene. Durning a secend meal, beth greups were
given egg shell, and these which had received the
cencealed egg shellﬂ ate less than the mere deprived
greup. He cencluded that, fewls may be able te shew
a specific appetite fer calcium,

Weed-Gush and Kare (1966) deprived grewing chickens
of calcium te ascertain whether they ceuld exhibit a
specific hunger fer calcium. When their bleed calcium
level were significantly lewer than those eof the centrel
birds, they were allewed a cheice between twe mashes
differing enly by the absence or presence ef a calcium
salt. In twe experiments, calcium deprived birds
preferred the calcium rich mash. Weed-Gush and Kare
(1966) therefere reperted that the calcium-deprived birds
ef cemmercial breiler steck increased their perfermance
te a significant degree en the 4 percent calcium
carbenate enriched diet that cempensated their nutritienal
needs. This diet, they ebserved, was unpalatzble te
the centrel birds and resulted in enly 22 percent ef the
tetal intake, while the calcium-deprived greup increased
their tetal intake eof this diet by up te 23 percent ef

tetal intake. Weed-Gush and Kare (1966) alse feund that
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the calicium lactate in drinking water was unacceptable
te betH greups (centrel and experimentzl) and they
reasened therefere that the failure te select the
lactate suggests that the taste facters under seme
circumstance might be mere impertant than the nutritienal
needs. | Kare and Scett (1962) alse ebserved that
palatability can take precedence ever nutritienal
adequanty in a chicken diet. Earlier, Kare et al.,
(1957) had ebserved that the fewl is much mere
sensitive te taste qualities in water than feed. But
Calet (1965) peinted eut that birds have peerly
develeped sense ef taste and have ne sense eof smell.
The werks eof Weed-Cush and Kare (1966) were later
cenfirmed by Hudges and WeedeGush (1971) whe reperted
that calcium deprived chickﬁns were albe te preferentially
eat & calcium supplemented mash effered as an
alternative te ene unsuppkemented with calcium, 1In
the same repert, deficient birds exhibited a greater
interest in bizzare ef edible size than the contrel
greupe. | This ebservatien had been shewn te lead te
expleratery behavieur from which the animal might
presumbly learn te cerrect its deficiency (Lerenz,
1965). | Because several days were required befere the

full ppeference fer calcium supplemented diets develeped

diets deficient chickens. Hughes and Weed-(Gush

(1971)Jcencluded thzt calcium appetite is learned

|
\
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preference rather than an unlearned hemeestatic centrel.

Research using a separate calcium source has shewn
that thL level of dietary calcium prefeundly influences
calcium| supplement intake by laying hens (Griminger and
Luta, 1964). Hewever, Hughes and Weed-Gush (1972)
indicated that if the eppertunity existed, the fewl
can regulate feed intake independent ef calcium intake,
Hughes and Weed-Cush (1972) suggested that calcium
intake 1s regulated en a heur basis by the needs fer
egg fermatien and anticipated maximal requirement.

Salim (1981) reperted that the existence ef a calcium
appetite is unrelated te minimal requirements in the
laying hen. He feund that hens veluntarily censumed
excessive ameunts ef calcium supplements regardless ef
dietary calcium level. His data shewed that hens fed
adequate er high dietary calcium levels did censume

less supplement than those fed lew er inadequate level

but beth censumed far mere tetal calcium than the reperted
minimum requirement,

Helcembe et al. (1975) reperted that hens exhibited
the ability te discriminate between a high and lew level
of calcium in a cemplete feed. The hen alse tended te
eat mere of the high calcium diet in the early merning
and late afternmen, which were times ef greatest

calcium need or anticipated need. They cencluded that,
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hens regulated their calcium intake accerding te
metabelic need. Mere recently, Taher et al, (1984)
cenducted an experiment en special calcium appetite

in laying hen. Chickens en the centrel treatment were
given 3.5 percent dietary czlcium supplement. Three
greups were fed 3.5 percent calcium fer 13 days then,
the dietary calcium level was reduced by 0.5 percent
weekly until it was dewn te ene percent, They
ebserved that, as the dietary calcium level increased,
there was a decrease free cheice supplement calcium
intake; hewever, all birds (except the centrel)
censumed large ameunts ef calcium. As the level eof
dietary calcium wa: reduced, hens censumed large
quantities of free cheice calcium supplement and
appeared te have little er ne desire te reduce er
step censuming the free cheice calcium supplement
after their requirement had then been met. They
cencluded that altheugh laying hens pessessed special
calcium appetite, they ceuld net regulate calcium
intake.

The ability ef pullets te selectively censume
calcium te meet rearing peried reguirements was examined
by Classen and Scett (1980) using twe feeding regime:
a) ad libitum censumptien ef 0.89 percent calcium

ratien.
b) ad libitum censumptien ef 0,35 percent calcium
ratien with free cheice calcium source (38 percent

calcium centent) supplied as chick size grit.
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They feund thzt during the peried frem 5-18 weeks eof
age, the calcium grit rztien fed pullets censumed
significantly mere calcium than the 0.89 percent
calcium ratien fed centrel (7.09 Vs 5.37g per day).
Paily feed censumptien recerded shewed that birds fed
grit supplemented diets increased calcium intzke by

2 percent 19 days prier te lay, 2.88 percent en the day
of evulatien and by 9.07 percent en the day ef
evipesitien. Frem these findings, they cencluded that
pullets can selectively censume calcium te meet their
changing requirements during the rearing peried and
prier to the enset of egg preductien.

The influence of methed ef incerperatien
of calcium in the diet en perfermance.

In the early 1900's, it was the practice te include
in the diet of laying hens enly a pertien of calcium
source needed fer egg preductien, while allewing the
hens free gccess te a calcium supplement. It was
believed thot hens weuld censume eneugh ef this
supplemented calcium te fully meet their needs., Buring
these days, "seluble grit" was the mest impertant ferm
in which calcium wezs supplied te the birds.

Petersen et al. (1960) cencluded that chickens
ceuld utilize the cezlcium mere efficiently if all the
calcium was included in the feed than if 2.25 percent

calcium was included in the feed and free access was
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given te a supplement of eyster hell. Ne real
difference in egg preductien, feed utilizatien er
hatchability was reperted by Mehling (1984) when hens
received all their calcium in the feed er part in their
feed and part in the form ef a calcium supplement,
Hewever, there was a tendency tewards grezter shell
strength in these instances in which access te a
separate calcium supplement was previded. Tyler
(1955) ebserved that the voluntary censumptien of
limestene grit by caged layers was far in excess eof
their requirements and bere little er ne relztienship

te egg preductien,

Influence ef dietary calcium en feed intake

Grimmer and Lutz (1964) feund censiderable
variatien in the censumptien ef calcium supplement
ameng hens housed in three different settings.
Calcium censumptien was feund te be highest in single
cage, intermediate in cemmunity cages and lewest in
fleer pens with litter. Hens in the fleor pens
preferred crushed eysterShell te calclite grit, when
beth supplement were avilable, but censumed similar
amounts ef the twe supplements if enly ene at a time
was at their dispesal. Birds given supplemental
eystershell differed little in perfermance and eggshell
quality frem these effered a 3.0 percent calcium in the
diet.
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Feed censumptien in chicken is governed by a
number of facters. The mest important may perhaps
be, the energy centent ef the diet, but generally
speaking, many impertant nutrients can influence
feed censumptien in additien te the physical
preperties ef the diet. The influence eof calcium
level en feed intake is well decumented. Hurwitz
et al, (1969) feund that en all eccasiens, hens, fed
5.0 percent calcium censumed greater ameunts ef the
diet than these fed a 4.5 percent calcium diet.
Scett et al, (1971) reperted that a calcium intake of
2.8g per hen per day was inadequate and caused an
increase in feed censumptien. Hewever, they peinted
eut that 5.0 percent calcium in the diet was excessive
and caused a decrease in feed censumptien. Naber et al.
(1964) cencluded that irrespective of source of particle
size, these supplements when given at a higher level
caused reductien in feed intake. The effect of particle
si;e on feed intake was demenstrated by Reland and Harms
(1973) whe fed chicken 3 percent calcium diet and
reperted that hen size eystershell and pullet size
limestene increased feed intake. In elder birds,
mean feed censumptien en egyg ferming days wzc reperted
te be significantly higher than en nen egs-ferming days,
whether er net calcium supplement was effered (Tayler,

1973). Peed intake was higher when ne grit was previded;
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the difference was significant‘for egg ferming but
net fer nen~egg ferming days. Similarly in twe
experiments, Mergin and Sauver (1974) cencluded that
the calcium centent ef the diet is an impertant
facter in regulating feed intake. Helcemb et al.
(1975) feund that in laying birds, feed intake increased
in the merning er late afterneon which were thé times
of the greatest or anticipated calcium need. Mere
recently, Jin He Chei (1988) menitered feed intake
of layers en an heurly basis. He reperted that,
mean heurly intake ef feed by hens shewed twe peaks,
@ smaller peak during 1000-1200 heurs and a larger
peak during 1700-190Cheurs. His study alse cenfirmed
earllier reperts that hens censumed censiderably mere
feed en egg ferming than en nen-egg ferming days.
He alse reperted that heurly feed intake of individual
hens decreased during the heur immediately befeore
cvip.sition but increased sharply during that heur
af svipssitien. The large ameunt af intake during
the evening heurs {(1700-1900) were censistent
regardless ef the time ovipesitien.

Reland (1985, 1986) warned that birds given
inadequate calcium may eat mere feed in an attempt
te get more calcium. This results in higher cests and

the bird beceme obesse, develep fatty liver haemerrhagic
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syndreme and lay egg with poer shell quality,
Ademesun and Kalange (1973) ebserved that feed intake
increased with increase in dietary calcium level
(2.0, 2.75, 3.5 percents) up te a peint and then
declined. Reland (1986a) reviewed the literature
cencerning the influence eof excess calcium in the
diet en feed censumption, He reperted that the
findings were again incenclusive, 1In respense te
several reports that excess er high level eof calcium
in the diet had an adverse effect en feed consumptien
Reland (1986a) argued that, altheugh excess calcium in
the diet ceuld adversely affecf feed intake, these
effects were due in part te the fact that:
(1) calcium carbenate source used contained high
levels of ether minerals such as magnesium,
(1ii) seme werkers used calcium carbenate in fleur
ferm instead of cearse granular (this reduces
feed paltability and ceuld adversely affect
feed censumptien,

(i1i) results of seme ef the studies reporting that
high levels eof calcium reduces feed intake were
likely misinterpreted. Instead ef the hens fed

the higher calcium levels reducing feed intake,
the lewer levels had increased feed intzke, He
peinted eut that altheugh other facters ceuld be

invelved, the abeve sheuld explain mest incensistences.



57.

This is particularly true, especially if it is
appreciated that excess dietary calcium simply
Passes unabserbed through the digestive tract,
McIntyre_et_al. (1963) and Harms and Waldreup
(1971) indicated that high calcium intake ef between
8.93 and 9.48 gram per hen per day had ne adverse

effect en feed censumptien,

CALCIUM SOURCE AND PARTICLE SIZE

‘The lmpertance of calcium in the nutrition ef
birds has been recegnized fer a leng time and
different sources of calcium have been and are being
tried te establish geed sources and ferms fer peultry
feeding. Brephy and Sheehy (1941) cempared ceral and
sahd centaining 75-80.2 percent calcium carbonate with
lime mertar centaining 87.5 percent calcium carbenate
and feund ne difference in egg preductien and shell
thickness due te seurce. Gutewaka and Parkhurst
(1bhza) cencluded that calcite was as geed as eystershell
fer laying hens. Kennard (1944) cempared eystershell
with delemitic limestene grit fer egg productien and
cencluded that the fermer was better. Scheles (1945)
tested cequina shell centaining 94.7 percent calcium
carbenate and cencluded that it was cemparable te

systershell as far as eggshell strength was cencerned,
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Guiteridge and Platt (1945) cempared eggshell centaining
S3 percent calcium carbonate with eystershell and
reperted that en the basis ef speciflc gravity,
eggshell as|a supplement were as gced as eystershell,
tut that th efficiency ef utilizatien measured by

the ameunt ;f supplement censumed per unit ef egeshell
preduced was gignificantly less fer eggshell than fer
eystershell. Hauser and Nerris (1946) cempared crushed
eystershell, calcite grit and ground limestene with

and witheut granite grit and feund that, fer egg
productien, greund limestene was inferier te oystershell
or Calcite grit. The peer perf;rmance of greund
limestene may be due in part te particle size, since
the experiment of Rau and Platt (1949) failed te

shew a difference in all parameters meésured when
limestene grit was cempared ta calcite grit. Tully

et _al. (19317) cencluded that eystershell er limestene
gryit with steamed benemesnl preved superier te mineral
salts as & source ef calcium In the absence ef vifamin
P. Calm shell, limestone and eystershell with er
witheut inseluble grit were cempared as calcium seurces
by Mcltyre and Cemmen (1951). They reperted that
ground limestene and eystershell plus inseluble grit
impreved appetite and rate ef gain in grewing male
Barred Plymeuth Reck chicks. On the basis ef left
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tibia ash centent, these werkers reported that all
ssurces of the supplement allewed fer goed bene
develepment. In twe trials with chicks and ene with
laying hens, Hurwitz and Rand (1965) feund that
utillizatien ¢f calcium was slightly pearer fraem
gypsum than frem limestene. There was ne significant
effect en weight, feed efficiency bone calcificatien,
egg preductien er eggshell quality. Telerance te
sulphate was fairly high. 'The enly effect of 3
percent gypsum was a slight increase in the moisture
centent ef the dreppings. Hurwitz and Bar (1968)
later feund th:t calcium sulphate supperted higher
cencentratien and activity ef calcium in varieus
intestinal segments when cempared te that ef dicalcium
sulphate er limestene.

A8 can be seen frem the review se far, many
different cempeunds have been t led ever the years as
seurces of calcium fer peultry, eyster shell and
limestene were and are still, prebably the mest
cemmen seurces eof calcium empleyed in peultry feed
industry. There are many reperts from beth earlier
and recent experiments indicating that eystershell
is more beneficial than limestene te the laying hen fer
eggshell quality (Scett et al., 1971; Charles et al,,
1982; Bardley and Krueger, 1982). Reland {(1986)
peinted that part of the incensistency in the earlier

experiments dealing with varieus limestene sources was
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due t® a greater v riatien in.their physical ana
chemical characteristics. Fer example, Hart et al.
(1923), Halpin and Hayes (1925), and Kennard (1925)
reperted that delemitic limestene decreased eggshell
strength due te its high magnesium centent, Martin
and Inske (1929) feund that, white limestene was
mere attractive to hens than dull gray limestene ef
similar chemical cempesitien but beth were geed sources
of calcium fer eggshell fermatien., Miller and Sunde
(1975) cencluded that even though much data have shewn
that eystershell is equall er superier te limestene,
the industry predeminantly uses limestene in mixed
ratiens fer peultry because ef the rez:.ons that
eystershell is mere expensive than limestene in
certain areas ef the ceuntry and small feed mills are

net equiped fer its use calcium in peultry diets.

The influence of particle size ef calcium
source en grewing chicks.

The centent ef calcium in the bedies of breilers
increases by a facter ef 5 in only ten days of pest
embryenic grewth (Geergievski 1982). The peultry
science asseciatien (1983) neted that the market
weight ef an average breiler in 1973 was 1.75kg
(3.881b) and that by 1983 it had increased te 1.86kg
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(4.121b)., They project that by 1993 the weight
®of an average broiler bird shoeuld increase te
1.95kg (4.341b). This demenstrate the rapid
increase in grewth rate ef broiler birds,

Te suppert this grewth rate, the breiler
chicken must have adequate bone grewth. Many studies
have been cenducted te evaluate the best source and
ferm of calcium th:st weuld be required for this
Purpese. Since Chessat (1824) recegnised that
pPigeen required calcium supplement in the form ef
graln additive te ensure adequate bone strength; |
several studies have been ¢cenducted te evaluate the
suitable particle size of calcium source that weuld
give a geed chick performance. Krishna (1971)
feund that chick perfermance as measured by tibia
ash remained essentially the same when calcium was
supplied by either limestene er eystershell, Ne
signiffﬁant difference in respense eccured when large,
medium er small particle 51zes were fed. Hewever,
tibla ash was greatest when the medium particle size
was fed, Pevic (1974) feund ne difference in weight
galn, feed conversien and bene ash when Hybre breilers

were fed te 56 days en four different limestene sources,
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McNaughten et _al. (1974) in three experiments
evaluiated the effect of particle size and source

en breiler chicks from day eld to 3 weeks ef age.

In the first twe studies they reperted that chicks

fed eystershell were heavier en the medium (USBS

40-50) particle size diet (311g), fellewed by small
(270=Pan) particle size (309g), while these fed
limestene diet were heavier when small (270-Pan)
particle size was fed. In yet anether study in which
eystershell was utilized, it was reperted that grewth
rate was better with USBS 16-20 particle size. 1In
anether study, McNaughten and Beaten (1980)
demenstrated significant differences in bedy weight

and bene ash when give limestene sources, a mind

marine s urce, argenite and eystershell were fed te
breiler chicks to three weeks oen "as is" basis.
Hewever, when the sources were analysed and calcium
centent ef all sources was equaliged, these differences
that eccured due te source disappeared. Differences

in the parameters measured due te particle sizes alse
eccured but were net ebserved en chickens given a
similar particle sizes. They cencluded that calcium
utilizatien by the chick is dependent en particle size
of calcium supplement and not source. They recemmended
the use eof medium to fine particle size when censiiering

both weight 2nd tibia ash.
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Andersen et al. (1984) reperted that the finer
particle sizes preduced lewer tibia ash only when fed
at a higher level. Their basal diet used in the
experiments centained about five times as much calcium
as the test calcium added, and they suggested that the
higher basal calcium level masked differences in the
calcium source at the lewer dietary calcium level.
They reperted that particle size affected gain tibia
ash if the dietary calcium level was high eneugh.

They speculated that chicks can shunt excess calcium
in the ferm ef medium particles through the gut
better than can fine particles.

The influence ef calcium source and particle
shze en laying hen performance and shell quality

Egg Preductien

The impertance of calcium in e gg preduction can
net be ever emphasised. It has been demenstrated that
gressly inadequate levels of calcium in the layerrdiet
will even lead te cesatien in egg preductien Cilbert
(1969)., The questien ef which seurce is feasible
fer eptimal productien has attracted researchers
attentien fer many years. It has been peinted out
elsewhere that the checie of calcium source for egg
preductien in this ceuntry is between eystershell and
recently, limestene. Kuhl (1976) reperted that limestene
and eystershell are the primary sources of calcium in

the diet ef laying hens because they are mest econemical.
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Kuhl et al. (1977) reviewed the literature on calcium
source and particle sizes for laying hens and remarked
that, "the reviewer ef published sizes in the diet ef
calcium sources and particles sizes in the diet of
laying chickens can draw but one cenclusien; findings
are incensistent", '

Since Cellier (1892) reperted that limestene and
eystershell were acceptable sources of "lime" in
the diet of laying hens and Buckner (1923) later
supperted this findings by reperting that eystershell
and limestene were equivalent source ef calcium fer
egg preductien, many experiments were later undertaken
with a view to ascertain the validity of these claims,
Buckner et al. (1924) and McKinney (1972) used sources
other than eystershell and limestene. Buckner et al,
(1924) and McKinney (1972) cempared calcium carbenate,
calcium sulphate, calcium phosphate and calcium chleride
and reperted that the calcium carbenate s-urce gave
the best result in mest of the criteria measured.
Kennard (1925), and Halpin and Hayes (1934) fed
eystershell and delemitic limestene to laying hens and
reperted that eystershell gave higher egg preductien,
Supplee (1962) and Mehring and Jehnsen (1965) found
that the use of dolemitic limestone did net preve
harmful te egg preductien. Stillmark and Sunde (1971)

reported that a level of up 11.8 percent dolemitic
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limestone could be used in the diet ef laying hens
witheut significantly affecting perfermance,
Investigatiens inte the suitability ef different
limestene sources and eystershell as calcium source
fer laying hens may hawe arisen as a result ef
Kennard (1925) repert; fer seen after that repert,
the Agricultural Experiment Stations ef Iewa Kentucky
(Anen, 1927) beth underteek similar studies inte the
different limestene depesits in varieus lecatiens ef
the United States ef America (USA) to determine their
suitability fer egg preductien and ereperted varying
results. The Iewa statien repert indicated that
eystershell was bettern than limestene in mest cases
fer egg preductien. It peinted out however, that very
hard practically pure limestene, lew in magnesium
centent was equal te er better than eystershell.
Beth peinted eut that particle size of the caldium
source was impertant in egg preductien. Messengale
and Plat (1930) stated that the physical state ef
calcium carbenate (limestene) necessary fer eggshell
fermatien sheuld be in the ferm of grit er cearse
material rabher thzan fine. Rau and Platt (1949)
feund that chick size, hen size and pewdered limestene

were equally effective as a calcium seurce and particle
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size effect of calmshell limestene and eystershell
and reperted that particle size and net seurce
affected egg preductien.

Hurwitz et al, (1969) feund ne difference in the
preductien rate and feed efficiency ef &8 menth eld
Leghern hens fed diets centaining 4.0 percemt ef
either limestene er eggshell. Ne difference in
preductien rate of hens fed diets centaining either
eystershell flesur er pulverized limestene was reperted
by Quinsenberry et al, (1969). Hewever, mertaility
and egg weight faveured eystershell., In anether
experiment, Quinsenberry and Walker (1970) reperted
ne differences bétween eystershell and feed
efficiency. Hens which had been laying fer 10 menths
were given diets centaining 3,5 percent calcium
supplied by limestene er eystershell in different
raties and particle sizes., Scett et als, (1971) reperted
eystershell and limestene in the ratie of 2 te 1
(2:1) gave the best perfermance. This study
indicated that mixing limestene with eystershell was
a better way eof impreving egg preductien than either
seurce given singly., Meyer et al, (1973) and Reland
et al, (1974) failed te demenstrate the difference
in particle size between eystershell and limestene

when egg preductien was the parameter censidered,
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Miller and Sunde (1975) feund ne effect of beth seurce
and particle size and cembinatien ef seurces en
preductien,
Kuhl et al, (1977), Watkin et al. (1977),

Christmas et al, (1977) and March and Amin (1981)
fed hens different seurces, particle sizes and levels
of calcium te laying hens but failed te netice seurce
or particle size effect en egg preductien, egg welight
and feed utilizatien efficiency. Buke and Charles
(1981) hewever ebserved that dietary eystershell
resulted in a significant imprevement in egg preductien
rate but ceuld net demenstrate the same effect in a

fellew-up experiment. Later, Charles et al, (1982)
reperted again that egg preductien was impreved when
calcium was supplied in the ferm eof eystershell er
cearse limestene te White Leghren hens, Berdley
and Krueger (1982) studied the effect of calcium
seurce and particle size en egg preductien characteristics
of Leghern hens and ebserved a numerical but nen
significant imprevement in percent egg preductien
when eystershell was thé seurce of calcium., Charles
et al. (1982) submitted that preductien rate was
increased but feed effic}ency decreased when calcium
was supplied as ewstershell er granular limestene.

Recently Hamilten et al, (1985) reperted a heavier
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preductien rate in faveur of eystershell as

éppesed te limestene,

Shell guality
While calcium is distributed threugheut the entire

egg, it is chiefly lecalised in the shell eof the egg
as calcium carbenate where this cempeund censtitutes
abeut 98 percent ef the inerganic matter ef the shell,
The calclum centent ef the shell weight is abeut 36
percent but the actual value of the calcium in the
shell and membranes varies between 1600mg and 2100mg
depending en the size eof the egg and laying stage
(Geergievskii, 1982). The need fer censidering the
quality ef the shell becemes apparent in the light
ef its functien which enables the egg te withstand
censiderable bielegical and mechanical assults while
still maintaining its structural integrity and the
whelesemeness eof its centents. As demestic egg
ﬁroduction becemes mere mechanized, increasing numbers
of eggs get breken as eggs meve frem the hen te the
censumer, Censervative estimates fer the incidence
of breken eggs range frem 6-8 percent of all eggs
preduced (Washburn, 1982)., This estimate prebably
underestimates the demage because it weuld be
difficult te detect all breakage at the peint ef lay
er cracks in the later stages ef precessing and

transpertatien te the censumer. Gleaves (1978)
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estimated the breakages eof eégs at abeut 1.5 ye 2
percent when all egg handling was dene by hand.

Shell breakage is related te shell guality.
The term "Shell quality" is frequently used as a
synenym fer "shell strength" and implies, the ability
of the eggshell te withstand externally applied
ferces witheut cracking er breaking. Shell quality
is affected by a number ef facters such as strain
ef hen (Hanilxon et al., 1979) nutritienal regimen
(Welferd and Tanaka, 1970) time ef day eggs are laid
(Reland et al. 1973) and ambient temperature
(Nwazeta, 1987). The measurement ef eggshell
strength has been earried eut fer many years and a
number ef techniques and instruments have been
develeped te measure shell strength. The ability ef
eggshell te withstand externally applied ferces is a
functien ef the material and structural strength ef
the shell (Carter, 1970; Veisey and Hunt, 1974).
Variables asseciated with shell strength are
bielegical in nature because under eptimum feeding
and disease free envirenments, they are centrelled
by genetic facters which are eutside the centrel ef the
egg preducer., Hewever, facters associated with insults
te eggs are mechanical in nature and can be centrelled

te seme extent by the preducer,
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Interest was generated in the area ef shell
strength er quality in the 1970's and 1980's
Quisenberry et al, {1969), and Quisenberry and Walker
(1970) reperted an increase in shell thickness frem
the feeding ef large particle size eystershell in
the laying hen diet. Scett et al. (1971) replaced
twe third ef supplemental calcium either frem gresund
lime er eystershell with hen size eystershell and
" reperted an 1mprovemeﬁt in perfermance and shell
- quality. In advising egg preducers, Kim (1971)
reperted that "dime® size systershell flakes in a
cenplete diet fer hens increased shell thickness ard
breaking strength, Scett et al. (1971) and Kim
(1971) advanced a hypethesis that large particle
size eystershell is retained in the gizzard which in
turn "metered" sut calcium inte the bleed even during
nen=feeding heurs. In this way, calcium is present
during all perieds ef shell fermatien fer maximum
sﬁell calcificatien. Kim (1971) then recemmended
that limestene censtantly used in laying hen ratien
be reduced te ene-~third and twe-third he replaced

by "dime" size eystershell, Meyer et al, (1973)
| feund that the breaking strength ef shells frem hens
fed diets centaining eystershell amd limestene grit
were significantly strenger than eggshell frem

hens fed pulverized limestene as the calcium seurce.
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Reland and Harms (1973) feund that substitutien ef hen
or pullet size limestene er eystershell fer twe-third
of the granular limestene impreved shell quality during
the Summer but net Quring Fall. They used the
"metering" eut hypofhesis te speculate that hens
receiving diets conéaining enly pulverized calcium
carbenate must -htain all their calcium during the day
time while anoritylof calcium derived frem the large
particle size calcium carbenate was "metered" frem the
gizzard during the early merning heurs with very
little metered out at night. Hamilten et al. (1985)
reperted an imprevement in eggshell quality as measured
by specific gravity frem beth limesteme and eystershell
similar particle siées. Other experiments frem
different researchers such as Charles et al. (1971,
1972), Miller and Sunde (1972) all seem te lend
suppert te the findings ef Scett et al. (1971) and
Kim (1971) en the "metering" hypethesis ef the
calcium particle size. Meyer et al, (1973) reperted
that eystershell gave better breaking strength ef
eggshell than the pulverized size. Miteku et al,
(1973) cempared calcium seurces (calcium carbenate,
calcium lactate, eystershell and fessile shell) fer
layers in the summe{. They ebserved that fessile
shell gave the greaﬁest breaking strength and shell
thickness, but otheﬁ parameters were net affected by
calcium seurce. Roqand et al, (1974) feund that the

I
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inclusien ef pullet-size lim:stene in diets
centalning 2.75 te 3.0 percent calcium impreved shell
gquality, But cencluded alse that larger particles
of calcium carbenate weuld have ne influence sn
shell guality if the diet centained adequate calcium,
Miller and Sunde (1975) feund that egg shell
frem pullets 20 and 60 weeks mere rigid when fed
searse limestene er eystershell., Hewever, at the
peint ef lay, there was ne effect of particle size
en shell quality. wWatkins et al. (1977) alse
cenfirmed the effect of particle size mn eggshell
quality. Later, in 1981, Brister and asseclates
cencluded that the gdditien ef large particle size
eystershell significantly impreved shell quality
when substituted fer a pertien ef pulverised
calcium seurce. Based en this ebservatien Bristers
et al. (1981) stated that calcium frem eystershell

In any ferm is mere agvailable than that frem limestene

fir eggshell fermatien, The experiment ef Petersen
and H&J (1981) shewed that eggshell quality was &
functien ef level of calcium in the diet. Shell_
quality was significantly impreved by eystershell
but enly when diets centailned up te 3,0 percent
calciums When pewdered limestene was used 2s the
enly supplementary seurce of calcium, eptimum shell

quality was attained with 3.4 dietary calcium.
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¥hen the twe sources were used tegether, eptimal
shell quality was attained with 2.6 ~ 3.0 percent
calcium level. Petersen and Hej {1981) cencluded
therefere that it was met snly the centent &f
calcium in the diet that determined the eggshell
quality, but that the ability ef laying hens te
mebilize bicarbenate iens was alse an impertant
facter in shell fermatien,

The review en the effects eof oysteréhell or
limestene sources en shell gquality by Reland (1986)
was mestly lepsided in favour ef eystershell,

 §0thers when eystershell and limestene were cempared

en equal basis ef particle slze and calcium centent,

enly twe eut of the twelve papers reviewed extelled

the extra beneficial effects of eystershell en shell

quality. Reland (1986) further peinted eut that

while there can be several reasens fer the variatiens

in respemse of hens fed varieus seurces and sizes

of geed quality caleclum carbenate, perhaps twe were

werthy ef mentien

(1) Research werkers were net always cemparing calcium
carbenate sources having the same particle sizes
fer selubilities. |

(2) The hens fer which eystershell was substituted

fer a pertien of fine granular limestene in these

diets were net always censuming adequate calcium,
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Balnave et al. (1988) advised against administering
mineral supplements in water rather than in the
feed since this induces incidences ef eggshell

defects.

OTHER CALCIUM RELATED FACTOGRS THAT AFFECT EGG SHELL
QUALITY.

Calcium status ef the diet

Overfield (1970) werried ever the dewngrading ef
eggs because of peer shell guality reperted that
samples taken frem different farms shewed great
variatiens in calcium centent ef the feed. He
speculated that this may be due in part te scurce
and fermulatien ef diets and the different feeding
metheds. In anether survey, peultry mash was cempared
at three stages, ence at the mill, ence just befere
discharging inte the bulk bin en the farm and at
intervals when the mash was being used. Several
samples were taken at each stage ever a three week
peried. Altheugh the results were again varied,
it was ebserved that the limestene had separated eut
during the mevement and sterage ef the mash,
particularly at the later stage. Overfield (1970)
peinted eut that in recent years, there has been a
rapid increase in the ameunt ef peultry feed handled

in bulk at all stages frem the mill te the bird and
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shewed frem the survey an indicatien that when the
feed is in a mash ferm, a great deal ef physical
separatien can eccur. Keshavara and Ackerman

(1984) later peinted eut that altheugh the feed
miller may incerpsrate an adeguate er recemmended
level of calcium in a layer diet, separatien can
take place in different phases of feed handling

en cemmercial pesultry farms that may result in hens
receivingidifferent levels ef calcium en different
days er e%en fer different heurs ef the same day.

: A numb?r of investigatiens have reperted that the
time of dﬁy that the hen receives calcium has great
impact en maintaining shell quality (Lennards and
Reland, 1981; Casen and Briten, 1981; Briten and
Casen, 1982), It can be inferred that separatisn

of calcium seurce ceuld cause hens te eat mere feed
in an attempt te meet the calcium needs when the tep
bertien ef the feed is being fed whereas the
accumulatien ef excess calcium at the bettem eof bags
er feeders will mzke feed rather unpalatable at this
stage. Keshavarz (1986) feund that shell quslity

as measured by shell thickness, breaking strength,
specific gravity and percent shell in mest cases

was significantly reduced within 24 heurs ef feedin a

lew calcium diet (1.5 percent), apparent representing the
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calcium insufficiency when separatien eccurs, and
impreved within the smme peried when high

(5 percent) calcium diet was fed.

Carbenic anhydrase enzyme

This enzyme is clesely asseciated with the

uterine wall ef the hen and was first reperted by

Meldrum and Reughten in 1934, Thye speculated that
this enzyme might play a rele in eggshell fermatien

by influencing the rate eof fermatien ef the anien ef
calcium carbenate. Cemmen (1941) feund that carbenic
anhydrase activity ef the uterine epithelium was

higher than that ef ether pertiens ef the eviduct

and suggested that this activity might play a part

in shell secretien, Cemmen (1941) further reperted
that there was a slight indicatien that the activity
was higher in the uterine epithelium ef laying biras
than that ef nen-laying birds. Hewever, Gutewaska

and Mitchell (1945) feund thzt there was the same ameunt
ef carbenic anhydrase in the bleed ef laying and .
nen-laying hens, and that there was mere in the bleed
than in the shell gland, Gutewaska and Mitchell

(1945) alse reperted a cerrelatien between shell

lecal cencentratien ef carbenic anhydrase in the shell
gland and the ability te lay smeeth and strong shelled
eggs. Injectien ef sulphenilamide lewered the carbenic

anhydrase activity ef the bleod amd shell gland, and
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thin shelled eggs were preduced. Gutewaska and
Mitchell (1945) then suggested that the mechanism
of shell depesitien was that the egg white (pH 8.2 -
9.2) previded the medium fer the depesitien ef calcium

carbonate, the depesitien being brought abeut by %

calclum arising from the breakdewn ef bleed calcium
preteinate and the carbenate from bicarbenate iens.
Accerding te Gutewaska and Mitchell (1945), carbenic

anhydrase faveurs the breakdewn ef bicarbenate and

hence ensures a centinueus preductien of carbenate
iens. They hewever cencluded that the shell gland dees
net secret a suspensien ef calcium csrbsnate since
the gland has a pH ef 6.2 which is near the

hydrelysis peint ef calclum carbsnate.

Tayler and Stringer (1965} alse supperted the view
that carbenic anhydrase might be invelved in shell |
fcrm;tion by previding carbenate iens fer fermatien sf
galciun carbenate. They alse reperted a cerrelatien
between its cencentratien and shell strength, this |
being lewer in birds producing seft shell eggs.
Hewever, Heald =t al. (1968) were unable te demenstrate
any cerrelatien between carbenic anhydrase cencentratien
and shell strength and cencluded that if the enzyme
were essential fer shell fermatien, its petential in
the uterine epithelium is always sufficient te previde

adeqiate carbesn diexlde fer shell fermztien.
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CALCIUM REQUIREMENTS OF CHICKEN ANB CALCIUM TO
PHOSPHORUS RATIO.

Requirements fer layers

That laying hens and indeed all animals require
ealcium in their diet fer preductien may have been
recegni zed before er seen after the calcium
discevery in 1808 by Sir Humphrey BDavy. Buckner
and Martin (1920) reperted that lack of a supply
of calcium resulted in a decrease and finally
ceasatien eof egg preductien. Buckner et al.

(1923, 1928) and Massengale and Platt (19%0)
reperted that egg preduction in laying hens depended
en an adequate supply of calcium in the diet in the
preper chemical ferm. The calcium requirements as
suggested by Mitchell and McClure (1937) were based
en preductien rate as fellews:

=" 100 percent egg preductien would require 4.6

percent calcium

« 50 percent egg preductien weuld require 2,74
percent calcium

- 0 percent preductien weuld require 0,30 percent

calcium,
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Stuart and Hart (1938) cencluded that 1.0 percent
calcium carbenate in the mash was insufficient fer
egg preductien and suggested that 5 percent was
better and that 8.0 percent shewed ne further
advantage, Gutewaska and Parkhurst (1942) shewead
that excess calcium in the ratien decreased egg
preductien and feed utilizatien. They peinted eout
that a level ef 3.96 calcium {with adequate
phespherus and vitamin D) was excessive but levels ef
2.35 and 2.75 percent calcium were safe. Evans
et al., (1944) recemmended that 3.0 percent calcium
(with 0.8 or 1.0 percent phespherus) was best fer
preductien and shell thickness, altheugh 2.5
percent calcium was geed fer preductien alene, After
reviewing the literature at the time, the Natienal
Research Ceuncil (NRC, 1944; 1950; 1954 and 1960) in
its first te the feurth editiens recemmended a level
of 2.25 percent calcium in the diet fer laying hens.
Petersen et al. (1960) reperted that the 2,5
percent calcium are recemmended by the N.R.C., might
net be adequate fer laying hens. Petersen et al,
(1960) feund that 3.75 percent calcium w2s necessary
fer geed shell quality within the environmental

B
temperature of 70 F and less. With higher temperature
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as eccurs during Summ rs sr in the trepics, a
calcium level of 4,5 te 5 percent was suggested,
Mestert (1960) and Mestert and Swart (1968) feund
that hens in batteries required calcium frem 2.5 -
3.5 percent in an alle-mash diet fer eptimal shell
quality. ReGreete and Reyntens (1967) recemmended
a calcium level of 3.25 percent sfr maximum perfermance
but peinted sut that fer maximum shell strength 4,3
percent calcium was ideal, The Natienal Research
Ceuncil (1966, 1971) in 1ts fifth and sixth editien,
recemmended a level of 2.75 percent calcium.

Scett et al., (1971) reperted that when pulverized
.limestone was used as the enly calcium supplement in
a cemplete laying mash fer hen, maximum preduc tien
~and shell quality were ebtailned when the diet
centained 3.5 percent calcium. Reland et al, (1574)
Feported that calcium requirement fer hens was net
mere than 3.0 percent when large particle size
systershell was fed., Ademesun and Kalange (1973)
submitted that, increasing the level of calcium f{rem
2.0 te 3,5 percent resulted in increased egg preductien
and eggshell quality ef White Reck and Rhede Island
Red layers in Nigeria. They Natienal Research Csuncil
(N.R.C,, 1977) in its seventh editien recemmended a

calcium level of 3.25 percent of laying hens. Seme
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researchers are of the opinien that the level eof
calcium required by the laying hens sheuld be
expressed in grams per day rather than the usual
expressien in percentage terms. In this cennectien
Fertuere and Cesiall (1981) and Reland (1982, 1986)
after a review of the literature en the subject
recemmended that laying hens be fed a minimum level
of 3.7 grams daily. Fer elder hens er fer hens
preducing eggs with peer shell quality, this value
sheuld be increased by at least 1 gram daily.
Scett et al. (1983) suggested apprepriate levels
of calcium fer feeding laying hens and based en
preductien levels and age. They suggested that
pullets (22-40 weeks of age) and matured hens
(40 weeks and ever) sheuld respectively be fed
3.3g and 3.7g of calcium daily if laying at 100%
rate and enly 2.3g and 2.6g calcium if laying at 70
percent preductien rate,

Ousterheut (1980) fed diets centaining 2.75 and
3.75 and 4.75 percent calcium in which greund limestene
was the enly source ef calcium carbenate and reperted
that 3.75 percent gave better perfermance. Mathur
et al, (1982, 1983) reperted that en the hen day
preductien basis, minimum requirement ef calcium can
be fixed at 2.75 percent but results were better with

3.5 percent with ether parameters. Many ether
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researchers during this peried recemmended similar levels eof

calcium., Singh et al. (1981), Temnekhud et al. (1981) reperted

that 3.5 percent calcium was adequate for eptimal perfeormance,

The Natienal Research Ceuncil (1984) in its eighth editien

suggested a calcium level of 3.4 percent. It will be

neted that the Natienal Research Ceuncil (N.R.C.) has

always made an upward review ef calcium level fer laying

hens. Reland (1986) advanced the fellewing reasens fer

the difficulty in establishing calcium requirements

fer laying hens:

1. "Changing genetics of the hen and the centinued
imprevement in preductien capacity.

2, DPifference in calcium requirements ameng hens within
strains and between strains

3. Inter-relationship ef calcium with ether nutrients,
especially phespherus and vitamin D.

4, Inter=-relationship ef particle size (solubility) of
calcium carbenate to calcium availability and
palatability of feed.

5. Ability ef the hen te adjust feed intake partially te
meet her calcium requirements.

6. Preducers' eor nutritienists' fears of adverse effects
of excess er inadequate censumptien of calcium.

7« Calcium requirement has been reperted by many research
workers in terms eof percent in the diet witheut taking
inte account, the variatien in feed intake as influenced
by energy level, envirenmental temperature and strain

or age of the bird",



Requirements for chicks

The impertance of considering the calcium requirement eof
ehicks (especially broilers) is te recemmend levels that will

econemically ensure adequate bene growth in a healthy bird
while preventing leg preblems. Edwards (1982) ebserved that
it is difficult to de calcium requirement studies using grewth
rate as a eriterien since maximum growth rate can be ebtained
en ratiens that give peor calcificatien and in which severe
leg preblems develep,

In 1938, Branien ebserved that the minimum requirements
for calcium is 0.70g per 100g ratien but recommended 1.0g per
100g of ratien te previde a margin ef safety. Mitchell and
McClure (1937) had suggested a year earlier that young chicks
should be given a minimum of 0.7-0,75 percent calcium in the
ration Couch et al, (1947) feund that the requirement of chicks
for vifnnin P was influenced by the ameunt of calcium present,
The higher the calcium centent of the diet, the less the vitamin
P needed. Research inte calcium requirement was stimulated by
the findings that tetracycline ahtibietics were abserbed much
nore efficiently when lew calcium ratien was fed (Edward,
1982). Simce and Stephensen (1961) indicated that enly 0.5
percent calcium was required in broiler diet fer maximum growth
rate and tee ash. Fermica et al. (1962) feund that 0.6 percent
calcium was adequate for eptimal growth rate but 0.8 percent

was required fer maximum bone ash. Waldreup et al, (1963)
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reperted, that the requirements were greater than 0.6 but
net mere than 0.7 percent of the ratien fer maximum grewth
rate and bene ash. FEdwards et al, (1960) had suggested
calcium requirement ef 0.9=1.,5 percent ef the ratien
depending on the caleric and pretein centent of the diet,

Pepper et al, (1955) reperted that calcium requirements
of yeung chickens was incressed censiderably by the additien
ef fat te the ration. But the results ebtained by Biely
and March (1967) showed that the additien ef up 12 percent
saturated fat te the chick diet did not increase calcium
requirements. Lipstein and Bernstein (1968) feund that
neither type or level ef supplemental eil had any effect
on the bone calcification of chicks. Edwards et al. (1963)
reperted that the requirement ranged from 1.0 percent fer
maximum grewth te 1.4 percent for maximum bone ash,
Nelsen et al, (1968) reperted that the calcium requirement
ef Single Cemb White Leghern chicks given a purified diet
esntaining ne phytate was 0.5 percent. Reqguirements increased
te 0,95 percent calcium in a diet cempesed of natural
ingredients and containing 1.25 percent phytic acid.
Hydrelysis ef about G0 percent of the phytic acid with
phytase reduced the ameunt of calcium regquired in the diet
of matural ingredients te about 0,65 percent. Nelsen and
co-workers (1968) cencluded therefere that the ameunt of
calcium in the diet of growing chicks must allew fer that
which is inactivated by phytase,

Gendes et al. (1974) reperted that male broiler chicks

required mere calcium than females., BPased sn such parameters



85.

as weight gain, feed conversion, bleed calcium, bone ash,
they shewed that the best results were ebtained with 0.8
percent calcium for female and 0.8-1.0 percent calcium fer
males. Hijikure and Merimete (1965) and Twining et al.
(1965) reported that the calcium requirement for maximum
growth and bone ash was 0.83 percent for straight run
breiler chicks but Twining et al, (1965) alse peinted esut
that males required slightly mere calcium than females,
Lillie et _al. (1964) examined the requirement of calcium
as influenced by energy, sex and strain and cencluded
that breiler chicks required 0.7-0.9 percent. Shadra
et al, (1979) reperted that calcium requirement of breilers
from day eld to 6 weeks of age was 1.06 percent,

The ratie of calcium te phespherus is very vital
especially fer yoeung peultry. (N.R.C. 1977).
Generally speaking, a ratie ef gbout 1.2:1 calcium
te phespherus is considered te be idesl. Hewever,
raties frem 1:1 - 1.5:1 are well telerated. The calcium
and phespherus levels as suggested for breilers by the
Natiensl Research Council (N.R.C.) are shewn in Table
Ze

It will immediately be appreciated that there has
been very little change in the level eof calcium anrd
phespherus requirements fer breilers over the years
when consideratien is given to the differences that have

eccured in broiler industry ever this time peried,
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Table 2 § Calcium and Phosphorus requirements of

breilers,
Year Caleium Phespherus Reference
- % %
1944 1 Q.6 N.R.C. 1944
1954 1 0.6 N.R.C. 1954
1560 ; 1 0.6 N.R.C, 1960
1965 4 0.7 N.R.C. 1966
i
1974 1 0.7 N.R.C. 1971
1977 0.9 0.7 N.R.C. 1977
198”‘ 102 -t N.RcC. 19814
»
Available phesphorus = 0.32%
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SOLUBILITY AND BIOAVAILABILITY OF CALCIUM MROM CALCIUM
SOURCES AND ITS IMPLICATION IN CHICKEN NUTRITION,

Bieavailability

The usefulness of any calcium source is dependent

en hew available it is to the bird as measured by

such parameters as growth rate, bene ash and/er
mineralizatien, bleed calcium level, egg productien
and shell guality. Calcium bieavailability studies
have been carried eut for many decades. Waldreup

et al, (1964) evaluated availabilities eof several
calcium salts, eystershell and limestone fssurcss and
reperted that availabilities ef eysteshell preducts

varied from 93 to 117 percent and that of limestene

sources varied from 86 te 100 percent as calculated

by Slepe Regressien analysis. Reid and Wiver (1976)
evaluated the availability of calcium from 5 limestene
sources using bedy weight and bone ash of broiler
chicks raised up to 4 weeks of age and reperted that
bone ash data shewed a linear relationship between

dietary calcium level and percent bone ash. Slope
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Regressien analysis showed percent calcjium
availability ef greund limestene samples te range
frem 73.3 te 109.4 percent while that ef oystershell
shewed an avallability ef 107,7 percermt. In anether
experiment with layers, Reid and wiber (1976) shewed
that avallability #f calcium from the limestene
sources was in the range of 82.4 te 98.4 percent.
Hamilten et al, (1976) determined the availability
af calcium frem seme limestene sources precessed by
a new methed ofer pmults frem day eld te 21 days.
Using grewth rate and feed efficiency as evaluztive
criteria, these werkers reperted that finer greund
limestene increased availability ef calcium te
peults, increase the efficiency ef feed utilizatien
of birds at lew dietary calcium level and preduced
better weight gain. Andersen et al. (1984) feund
that purified and pewdered calcium carbonate produced_
p;orer perfermance than cemmercial limestene. |
Sibald (1982) extended the methedelegy ef evaluating
true metabelizable energy te the measurement of mineral
bieavailability. Using this methedelegy, Kim et al,
(1985 ) reperted that avail:bility ef calcium from
different calclum sources were as fellews: calcium
carbenate 98,12, calcium sulphate 92.63, tricalcium

phesphate 83,6%, dicalcium phesphate 83.58, limestene
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70.7 and eystershell 66.83. From this repert, it
appears thet limestene is mere avail~ble than
eystershell. Hewever, Brister et al, (1981) had
cencluded that calcium frem eystershell in any ferm
was more available than limestene fer eggshell

fermatien,

Selubility
Calcium used in peultry diets must first be in

selutien befere it can be abserbed from the gut,
The selubility eof a calcium seurce is therefere
impertant in determining the availability ef this
element frem the scurce being censidered. Since

the "metering" out hypethesis pestul ated by Scett
et al. (1971) which attempted te explain why calcium

frem eystershell impreved eggshell quality ever that

of limestene, ether experiments have been cenducted
which indicate that the difference in selubility

‘f eystershell and limestene was due te particle size
and net seurce (Reland et al., 1972). Savage

(1982) indicated that pH was invelved in the selubility
precess and peinted eut that seme limesteone seurces
react mere rapidly than ethers with the hydrechleric

acid ef the gut,
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Kuhl and Sullivan (1977) cempared the rate of
selubilities of large particle eystershell and
limestene in vive and in vitre. They ferce fed hens
with 10 grams ef either hen size eystershell or
limestene and reported that retentien of hen size
limestene in the gizzard was significantly greater
than that ef hen size eystershell, Hewever, in vitre
selubility gave ne difference between limestene
and eystershell. Pullet sizes eof either eystershell
or limestene were mere seluble than hen sizes ef the
twe seurces tested. Raben and Roland (1985)
determined the selubility ef limestene ebtzinead
frem nine limestones er eystershell cempanies
threughout the U,S,A, and reperted that the percent
selubility ef limestene source having the same
particle sizes vaired frem 15 te 27.3 percent.
Bandemer and Schaible (1942) feund frem in vitre
experiments that eystershell, pure calcium carbenate
berie meal and pure tricalcium phesphate remained
undisselved in selutien centzining calcium and phespherus
at the pH of the small intestine. Tyler (1946)
feund that nen-laying hens had a marked decrease in
the selubility eof calcium in the intestinal trect
particularly frem the anterier to the pesterier part
eof the small inestine. This decrease cerresponded te
a rise in pH but this activity was net se neticable

in the laying hen,
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CALCIUM AND ITS INTERRELATIONSHIP WITH OTHER NUTRIENTS:

Phespherus, calcium and phespherus ratie
and vitamin D

The rele eof phespherus and vitamin D in the proper
metabolism ef calcium has been studied for many years,
Newetarski and Bird (1943) feund that 3.47 percent
calcium and 1.98 phespherus with 20 units of
vitamin B gave better three week eld chick bene ash.
When the experiment was carried eut ever a 10-week
peried, the higher mineral levels caused an acute
decrease in bene ash. Consequently, Newetarski and
Bird (1943) cencluded that high mineral levels in
practical diets were less effective than vitamin D in
premeting grewth and preventing creeked break bene.
Heuser et al. (1943) stated that nen-phytin phespherus
must be incerperated in the chick ratien te ebtain
nermal grewth and bene develepment. This ebservatien
was later cenfirmed and extended by McGinnis et al.
(1944) whe showed that when bone ash was used as
criterien, 1.0 percent calcium and 0.58 percent
phespherus with varying quantities ef irradiated animal
sterel was best. A diet centaining enly phespherus
frem cereal and legumes was much peerer than ene
centaining mainly inergenic phespherus in equivalent
ameunt ef vitamin D increased, Singsen and Mitchell

(1945) shewed that the ability to utilize phytin
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phespherus was influenced by vitamin D. Cemmen
(1940) estimated the phytic acid centent of a
number of feddstuff used fer peultry ratien and
cencluded that in erdinary peultry ratiens, about
three quarters of the phespherus derived frem cereals
is present as phytic acid. >

The Nathonal Research Ceuncil (N.R.C., 1944, 1950;
1954 and 196Q0) did net alter the level of phespherus
requirement ef 0,6 percent ef the diet fer starting
chicks. In 1963, Waldreup et al, reperted that

0.5 percent tetal phespherus was adequate when calcium

level was 0.6 percent with grewth rate as the
criterien but for better feed efficlency, 0.6
percent tetal phespherus and 0.9 percent calcium
were required. Lillie et al, (1964) used different
strains and energy levels in a breiler experiment
gnd cencluded that from the conditions eof the study
0.7 percent phespherus with 0.9 percent calcium were
adequate for eptimal perfermance. Twinning et al,
(1965) ebserved that fer 0O-6 weeks eld broilers,

0.6 percent phespherus and 0.8 percent calcium were
needed when weight gain was the sele criterien,
Yeshida and Heshii (1982) reperted that a cembinatien

of 1,3 percent calcium and 0.75 percent available
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phesphorus should he included in the chick diet fer
maximum tee ash. Hewever, fer finishing such bairds,
a cembinatien ef 1.1 percent calcium and C.35 percent
available phespherus was required fer maximum tee
ash. The Natienal Research Ceuncil (N.R.C. 1966)
reviewed the phespherus requirement upwards te 0.7
percent tetal phesphorus in the case of meat-type birds
while 1in the case of layers the level was reviewed
dewnwards from 0,75 te 0,6 er 0.5 percent.

In peultry, the ratis of calcium te phespheorus is
much mere lmpoertant than ef either element censidered
singly. Branien (1938) cencluded that with adequate
vitamin D and respensible levels of calcium and
Phespherus in the ratien the Ca:P rztie may vary
between 1:1 and 3:1 with 2:1 as the eptimum,

Carver gt al., (1946) showed that in the abserce of
vitamin P increasing the phespherus level frem 0.5 =~
q.a percent improved grewth and bone ash percentages
of feur week chicks at Ca:P rat e ef 2:1. When
hewever, 60 units ef vitamin P was added te the diet,
the Ca:P ratie ef 1:1'gave better perfermance. Nitis
and Sutrisna (1676) fed diets varying in calclurm
source with a censtant Ca:P ratie ef 2:1 te White
Leghern chicks (1-8 weeks and 8=16 weeks) and feund
na everall difference in perfermance of the two

age greups. Ben et al. (1981) shewed that perfermance

+
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ef chicken was depressed with wider Ca:P raties and
that bene Ca:P ratie was pesitively cerrelated with
dletary Ca:P raties, Hulan et al, (1985 , 1986) feund
that the retie of calcium te available phespherus
rather than tetal calcium and phespherus in the diet
is of mere ilmpertant in the expressien of tibia
dyschendrephlasia lesiens. The Natienal Research
Ceuncil (N.R.C. 1977) recemmenced a Ca:P ratie of
1.2:1 but stated that raties frem 1:1 te 1.5:1 are
hewever, tolerated by the chicks. In laving hens
hewever, wider raties of %,5:1 ar mere are advecated.

Cemmen (1936) later feund that when the hen
recelved a high dietary calcium intake, phespherus
was no lenger excreted in large ameunts prisr ta
ovulation, Mergan and Mitchell (1938) feund that at
the start of lay, a pullet was in a negative phespherus
 balance but later returned to pesitive balance without
a change in rzte ef lay. They cencluded that an
adequate supply of phespherus in the diet was
respensible for this change. Evans et al. (1944) showed
that 8ingle Comb White Leghern pullets sheuld receive
0.8 percent phospherus at a calcium level of 2.50

percent, when the criteria were egg procductien and shell
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thickness during the first four monfhs of lay.
Evans et al. (1944) however peinted eut that with
3 percent calcium and either 0.8 er 1.0 percent
phespherus, there was ne difference in shell
thiekness, egg weight, shell welght and peresity.
These authers further suggested feeding higher levels
¢f dietary calcium as a means of reducing calcium
mebilizatien from the bene which in turn will
reduce the phespherus requirement. They peinted
that the high phespherus requirement eof peultry was
due in part te heavy excretien of phespherus during
egg laying caused by mebilizatien eof skeletal calcium
and by phytin ceontent ef peultry feedstuffs, 1In
additien, Evans_et_al. (1944) speculated that high
levels of calcium might lewer the abserptien ef
phespherus,

Tayler (1965) and Hamilten and Sibbald (1977)
Have shwen that reducing the phospherus level as the
hen ages impreves shell guality. Several explanatien
have been effered to Justify the abeve claim. Tayler
(1965) attributed this imprevement in shell quality te
reductien in the fermatien of insoluble calcium
phesphate cemplex in the digestive tract. Hunt and
Chance (1970) peinted eut that phespherus acts as

crystel peisen in the shell gland thereby inhibiting
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the rate of calcite accumulatien in the egys shell.
Anether schoel ef thought believes this to be due

to the mebilizatien of calcium from the beone for
shell fermatien, Hurwitz and Griminger (1962) and
Ben et al. (1981) demenstrated that the bleed level
of phespherus is directly asseciated with the dietary
level of element. Therefore, a reductien in the
phespherus level will lead to a reductien in plasma
level of this element and this will consequently
result in bene resorptien fer the release of calcium

fer shell calcificatien.

Relstienship with magnesium

The censideraztien of the relatienship between
calcium and magnesium is impertant since it is centained
in delemitic limestene. Hart et al. (1923), Kennard
(1925) and Halpin and Hayes (1925) demenstrated the
harmful effect of delemitic limestone en peultry
preductien. Tulley and Franks (1934) alse sheowed
that feeding ef delemitic limestene as a calcium
source preduced eggs with peer shell guality. They
pestulated that mignesium in the delemitic limestene
induced a cathartic actien through the retentien ef
water in the intestina trect, resulting in the rapid
mevement of the calcium iens through the intestinal
tract leading to a decrease in calcium absorptien.

Halpin and Hayes (1925) and Kennard (1944) reperted a
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reductien in egg productien and shell strength when
delemitic limestene was fed.

Supplee (1962) found ne detrimental effect of
feeding dolemitic limestene en egg preductien,
Mehring (1965) added up to 5000ppm magnesium in the
diet of broiler chicks but reperted ne harmful effect,
Mehring and Jehnsen (1965) added up te 800Cppm
magnesium in a layer diet witheut detrimental effect
en preduction. Mcward (1967) reperted that
perfermance of laying hens was net significantly
influenced by the additien ef 1.20 percent magnesium
but eggshells were thinner when the diet contained
1,96 percent magnesium. Stillmark and Sunde (1971a)
reperted that a level eof 71.81 perdent delemitic
limestene could be added te laying hen ratien witheut
having an adverse effect on egg preductien. Hewever,
they added that when magnesium was included in the
q1et at a level of 1,12 percent magnesium carbenate,
egg preductien was significantly reduced. 1In a
later experiment, Stillmark and Sunde (1971b) reperted
that the use of delemitic limestone resulted in a
carhartic actien which prebably acceunted fer the lew
perfermance reported earlier. Atteh and Leesen
(1982) reported a harmful effect when up te 7,700ppm

magnesium was incerperated in the diet of laying hens.
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Relatienship with manganese

Evidence is accumulating that there exists a
relatienship between calcium and magnesium. It has
been demenstrated many times (N.R.C. 1971; 1977;
Scott et al, 1982) that the deficiency ef this
element results in peresis in chicks, lewer egg
preductien, and reduced eggshell strength. Scett
et al, (1983) and N.R.C. (1977) peinted out that
peresis is markedly aggravated by high intzke eof
calcium and phespherus which is due in part to the
abserptien of manganese in the intestinal tract by
precipitated calcium phecphate. Manganese deficiency
in animals is characterized by reduced growth and
mineralizatien, and deffective structure eof the benes,
Gaskey and Nerris (1938) reperted that breaking
strength of eggshells increased from 3 te 4 kg when
the manganese level of the diet was increased frem
6.7ppm to 100ppm. Lyens (1939) ebserved that poor
shell quality resulted when the feed centained 7ppm
of manganese. Gutewaska and Parkhurst (194Za)
reperted that increasing the manganese level frem
17 er 24 ppm to 76 er 61 ppm did net significantly
affect egg productien. Shell breaking strength ef
eggs laid by pullets fed the higher manganese feeds

was significantly greater than from the birds fed the

lewer manganese diets,
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Cex and Balloung (1969) added 33 er 66 ppm
manganese te 3 diets ecentaining either 2,5, 3 er 3,5
percent calcium and reperted that there was ne
significant effect en shell quality. Lengsteff and

H11l (1971) cenducted a series ef trials te
| investigate the effect of manganese en shell quality,
In ene study, they submitted that feeding lew level
of manganese te laying hens was detrimental te
eggshell quality. 1In the secsnd experiment, they
feund that the effect of phespherus in reducing shell
strength was mere marked when manganese was alse
incerpsrated in the same diet even at lew level, In
the third study, these werkers reperted that manganese
hed a significant effect en shell quality and that
high levels ef manganese increased the number eof
seft shelled eggs and decreased strength and thickness
of the shell,

b ]

Relatienship with vitamin C

Altheugh vitamin ¢ {ascerbic acid) is net censidered
essential fer peultry, it has a very significant rele
te play in peultry nutritien. It has been demenstrated
by many researchers (El-Beushy and Van Albada, 1970;
Hank and Ritzel, 1977; Kechick and Sykes, 1974; Sykes
1978) that the additien ef exegeneus acerbic acid in

varying ameunts results in imprevements in grewth
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rate, egg number, and eggshell quality, particularly
under stressful cenditiens.

Thernten and Meregn (1958) added ascerbic acid te
diet of laying hens and reperted an imprevement in
shell thickness. Thernten (1959) reperted that the
presence ef ascerbic acid in the feed of laying hers
apparently "changed" the early calciume45 uptake
in the pregeny. Thernten (1960) feund that the
additien ef ascerbic acid te a diet centaining 2
percent calcium had ne influence en eggshell thickness,
but when the vitamin was added te a diet centaining
high levels of calcium, there was an imprevement in
eggshell thickness, Thernten (1960) therefere
cencluded that vitamin C was "ehanging" the calcium
requirement ef the laying hen, Pepper et al, (1961)
reperted that the additien ef vitamin C te diets
qontaining varying levels eof calcium up te 4.0
percent had ne significant effect en specific gravity
of the egg er plasma calcium. Harms and Waldreup
(1961) investigated the effect of vitamin C en shell
thickness and reperted thet up te 4.6 percent calcium
did net significantly impreve shell thickness. Sullivan
and Kingan (1962) ebserved that the additien ef
ascerbic acid te a laying hen ratien resulted in

numerical but nen-significant increase in shell
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thickness. In ansther studf, Sulliven and Gehle
(1962) feund ne increase in serum cszlcium level
with the additien ef ascerbic acid.

Perek and Kendler (1962) fed 25, 75 er 400 ppm
of ascerbic acid during het weather but reperted ne
additienal benefit en shell quality, Heywant et al.
(1964) alse fziled te get an imprevement in shell
quelity frem the additien ef ascerbic acid in the
diet of laying hens during het weather. Hewever,
El-Beushy and Van Albada (1970) reperted a faveursble
respense frem the additien ef vitamin C en shell
quality in het weather., Nwazeta (1987), and Njeku
and Nwazets (1988) have demenstrated ef late, the
beneficial effects of the additien ef ascerbic acid
te laying hen ratiens. These werkers reperted a
significant imprevement in egg preductien, egg weight,
feed cenversien and reductien in the incidence ef
éracked eggs when LOOmg ascerbic acid/kg feed was
added te the diet alene eor the cembinatien ef 5
percent palm eil with 200mg ascerbic acid/kg feed.

Thernten and Beed (1961) feund that the levels of
ascerbic acid synthesized in the kidney eof laying
hens satisfied physielegical needs at eptimal
envirenmental temperatures but that, bleec ascerbic

acid cencentratiens decreased as the environmental
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temperature increased from 21-%21 C, The decrease
in bleed ascerbic acid was pestulated te be due te
exhaustien ef endegeneus steres and alse te desreased
kidney synthesis ef the vitamin (Therten and Desd
1961). Additien ef ascerbic acid te the diet
prevented an increase in bedy temperature as the
envirenmental temperature increased (Lyle and Mereng,
1968), Lyle and Meregn (1968) alse reperted that
eggshell thickness decreased when bedy temperature
of the hen rese abeve nermal but that the decrease

in shell thickness was prevented enly when ascerbic

acid prevented an increase in bedy temperzture,

LEG ABNORMALITIES IN CHICKS

Leg abnermalities cause majer ecenemic lesses in
the breiler industry due te increased mertality.
Mest ef the nertalities eccur as a result of chicks'
failure te reach feeders and waterers. Such affected
birds have te be culled because ef reduced perfermance,
At the precessing plant, leg abnermalities can lead te
part er whele carcass being cendemned. Altnheugh the
ecenemic lesses from leg abnermalities are difficult
te estimate, a censervative estimate is put between
3 and 6 percent in the United States ef America

(Bracewell, 1982), Raising breiler chicks te reasters
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stage hewever, grezatly increases this figure
(Hulan et al. 1980; Hulan and Preudfeet, 1981, 1982).
Leach (1979) indicated that the twe mest predeminant
forms of leg diserders in cemmercial preductien ef
breiler chickens are twisted legs and tibia
dyschendreplasia.

Tibia dyschendreplasia which eccurs in grewing
breiler chickens and te a lesser extent in turkey
is characterized by a plug ef epaque, white,
unvascularized cartilage lecated usually at the
preximal edd of tibia but eccasienally in etier
benes., Twisted legs, semetimes referred to as
angular bene defermity, is characterized by a
lateral er medial deviatien ef the distal tibia
with a cerrespending deviatien ef the metarsal
displacement, but net cemplete Slippage eof
gastrecnemius tenden. It resembles chendredystrephy
(Perosis) but witheut the shertening ef the leng
bene (Hulan et al,, 1986). While several nutritienal
facters, disease erganisms and genetic traits
have been identified as predispesing facters te
this cenditien in the chick, the etielegy of tibia
dyschendreplasia, hewever,is still net fully

understeoed (Veltmann and Jensen, 1681),
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Edward and Veltmann (198%) reperted that ca.cium
and phespherus in the diet are majer nutritienal
facters that influence the expressien ef tibia
dyschendreplasias They shewed that h gh level eof
dietary calcium prevented the develepment ef tre
allment whereas high level ef phespherus accentuated
its develepment. They found ne relatienship
between tibia dyschendreplasia incidence and percent
retentien ef calcium and phespherus. Later Hulan
et al, (1985,1986) demenstrated a similar effect,
but peinted eut that the ratie ef calcium te
available phespherus (Ca:P) rather than the tetal
calcium and available phespherus levels in the ratien
was impertant in the expressien of the cenditien.
Kling (1985) reperted that a significant cerrelatien
existed between the incidemnce ef the malady and calcium
te phesphorus ratie. The lewest incidence eccured en
the diet with highest calcium te phespherus ratie.

Andersen et al, (1984) shewed that chicks fed the
high level of calcium cardenate at lew phespherus
level developed rickets. Their benes were seft and
they seldem meved and when they did meve, they crawled,
The cenditien wa:s alleviated by the use of a similar
diet having medium rather than fine particle size

calcium, They peinted eut that the calclum and phespherus
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inbalance was mere when finelparticle size of calcium
source wes fed. Atteh and Leesen (1984) ebserved
that the incidence ef leg @abnermalities was higher
ameng chicks fed diets supplemented with eleic acid
and eleic palmitic acid mixture when cempared te
the centrel greups This was attributed in part te the
fermatien ef faecal seaps as a result ef calcium and
fat interactiens, thus rendering the calcium
unavailable fer abserptien. Atteh and Leesen (1984)
cerreberated the studies ef Andrews et al. (1975)
which demenstrated that the birds fed eleic acid
gained mere weight and develeped a higher incidence
of leg abnermalities as cempared with the centrel
greup, Andrews et al., (1975) peinted eut that the
weight ef breilers influences the inciderce of leg
abnermalities,

Halley et al, (1985) examined the effect ef replacing
?vailable calcium with magnesium and increasing the
anien centent ef the diet en chick perfermance ard leg
abnermalities. They found that there was sufficient
cerrelatien between tibia dyschondreplasia and bew legs
with nen-phytic phespherus in the diet. Emebe and
Rebertsen (1985) while agreeing with the findings ef
Halley et al. (1985) reperted alse that bone ash, breaking

strength, bone weight and length were greater in the nermal
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chickens than these with the malady. Halley et al.
(1985) reperted that the incidence of bewed legs,
tibia dischendreplasia and bedy weight gain increased
when the ratie eof catien te anien (Catien:anien) was
1.821. Further increase in anien did net affect this
variable, They reperted that, decreasing catien te
anien ratie belew 1.8 te 1.6:1 did net result in the
expected decrease in incidence eof leg abnermality.
Edward (1986) feund that additien ef synthetic zeeslite
at 1.0 percent level in a high phespherus diet
significantly reduced the incidence and severity ef
tibla dyschéndreplasia., Alse, Hulan and Preundfeet
(1986) neted that dibaisc calcium phesphate fed
ad libitum increases the incidence and severity eof
tibia dyschendreplasia and tetal leg abnermalities.

The fragility ef bones ef caged layers frequently
results in excessive bone breakage and splintering
during precessing. This was neted by Hellwing and
waldreup (1985) whe examined the shert term nutritienal
variables se as te determine pessible imprevement in
bene strength er reductien in bone breakage. Hellwing
and Waldreup (1985) fed diets centaining nen-phytic
phespherus at 0.25, 0.45 er 0,65 percent with 3.5
percent calcium and reperted that birds fed 0,25
percent nen phytic phespherus hzd mere bone breken during

precessing, and bene ash centent was reduced. Increasing
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sedium from 0.15 to 0,30 percent in the same diet
increased bone weight and ash content. 1In another
study, Hellwing and Waldreup (1985) reported that
increasing the oystershell in the diet for 2 weeks
before slaughter at 81 weeks of age decreased the
number of broken bones during processing, In yet
another study, nutrients were maintained in relation
te energy content and they reported that increasigg
ealcium levels increased bone weight and shear values
and decreased bone breakage during precessing. Frem
the seven experiments carried eut on this subject
with spent layers Hellwing and waldreup (1985)
submitted that increasing the calcium level in the
diet decreased bene breakage during processing and
that feeding high levels of calcium {up te 7.5
percent) frem either eystershell or greund limestene
fer 7=14 days prier to slaughter of spent layers
resulted in increased bene strength and ash centent,
strenger shear values and decreased number of beones
breken during processing with ne adverse effects on

egg preduction or other preductioen parameters,
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TRIAL 1. THE EFFECT OF LIMESTONE SOURCES ON THE
PEHFORMANCE OF BROILER CHICKS (O=-4 WEEKS)

OBJECTIV
The objective of this tjial was to test the
nutritienal adequacy of limeskone from six sources
in breiler chick diets from 0%& weeks with ne

conslderation for the variatibns in the calcium

contents of the wvarious limestone sources.

MATERIALS AND METHODS

Five hundred and twenty five Anak~180 straight
run day eld breiler chicks were utilized in a
cempletely Randomized Design to test the six limestene
sources that were procured from Ashaka in Bauchil State,
Calabar In Cross River State, Jakura (marble) from
Kwara State, Sckote frem Sokete State, Ukpila in
Bendel State and Yandev in Benue State, These six
limestene sources acceunted for the six experimental
diets and a contrel diet which had enly bone meal as
the source of calcium to make up the seventh experimental
diet,

Rirds were vaccinated at scurce against Newcastle
disease., Upon arrival, chicks were randemly divided
inte 21 greups of 25 chicks eazchy Three of such greups

were randemly assigned to each dlet. The chicks were
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housed in an open sided peultry house le nted at
the university farm. The epen sides were covered
te censerve heat during the brooding period.
Each pen measured 3,05 x 1,22 meters. All pens
used had the floers cevered with weed shavings and
equiped with galvanized chick feeders and plastic
waterers. All chicks per pen were weighed cellectively
at day eld before the dietary treatments were
introduced,

The ingredient compesition ef the experimental
diets and the chemical analysis are presented in
tables 3 and &4 respectively. The diets were
fermulated to be isocaleric and isenitrogeneus in
cern=greundnut cake basal ingredients. Dicalcium
phesphate was utilized in diets centaining the tested
limestene sources to supply the phesphorus reguirement,
Bene meal was utilized in the control diet to supply
the phesphorus and calcium requirements. PBone meazal
was utilized in the centrel diet because it is the
cemmenest socurce of calcium and phosphorus in peultry
diets in this ceuntry presently. The main source of
variatien in the test diets was the different limestene
sources that made up the different treatments. The fecd
was mixed manually at the university farm, but grest

eare was exercised in ensuring thorough mixing.
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Table 3 ¢ The composition of the experimental diets used
in Experiment 1 (Broiler starter O - 4 Weeks).

Benemeal Limestone sources
C°g§::1 Ashaka Calabar Jakura Sokote Ukpila Yande:

Diets 1 2 % 4 5 6 7
Maize 50.90 50 50 50 50 50 50
;/nut cake Li 62 Li 27 Li 27 44,27 44,27 44,27 44,27
fone meal 353 - - - - - -
'ical phosphate - 3.40 3,40 3.40 2,40 3,40 3,40
Limestone - 1.33 1.33 1.33 1.33 1,33 T33
Methienine 0.25 0.25 0,25 0.25 0.25 0.25 0.2°
Lysine 0.20 0.20 0.20 0.20 0.20 0.20 0.2
alt 0.25 0.25 0,25 0.25 0.25 0.25 0.2
Fremix 0.30 0.30 0,30 0.30 0.30 0.30 0.2C
calculated Analysis:

‘rotein % 23,25 23.04 23.04 23 .04 23.04 23.04 23,04
M.E. Kcal/kg 2880 2840 2840 28LO 2840 2840 2840
Calcium % 1.25 1.25 1.25 1.25 125 1.25 1.25
"otal Phes. % 1.00 1,00 1.00 1.00 1.00 1.00 1.00
Meth, + Cyst. % 0,94 0.93 0.93 0.93 0.93 0.93 0.92
Lyzine % L 1,34 1.32 1.32 1,32 1.32  1.%2 1432
Ca:P ratie 1.25:1 11,2531 162511 1:2531 1.2531 1:25:1 1.25:1
\Ve P % 0.45 0.44 O.b44 0.44 0,464 0.44 0.4

i remix (ZOODRY) at the rate of incorperatien in the diet supplied ths

following additienal nutrient per kilegram of feed: Vitamin A,
1,020 I,U,; Vitamin E, 10 I.U,; Vitzmin K,

4.02mg; vitamin By, 9.00mg; Vitamin Bg, 4.00mg; Nicotinic acid,
70.00mg; Calcium D-pantothenate, 16.02mg; Vitamin B4,, 0.03mg;

10,000 I.Us; Vitamin D5

Vitamin C, 40,02mg; Cheline chleride, 40.20mg; Manganese, 200.02mg;
Iren, 100.0Bmg; Zinc, 80.02mg; Cepper 4.80mg; Ioedine 0.33mg;
Cobalt, O.41mg; Selenium, 0.108mg,
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Tavle 4 : Preximate Analysis ef the experimental diets used in
Experimental 1 (Figures on dry matter basis).

Limestone sources

Centrel Ashaka Calabar Jakura Sekete Ukpila Yandev
1 2 3 “ - & 7

Pretein % 24,56 24 .50 24,03 23.38 24,57 2h472 24,50
Calcium % 1424 1.19 1.19 1.22 1.15 1.18 1.12
Ether extract % 6420 5.91 6.01 575 5.87 2495 565
Crude fiver % 4,67 5.01 484 Le56 512 4,89 4.97
Ash % T7.13 6.9k 6.89  7.27  6.78 6445 6465
Bry matter % 95425 94 .84 95 .67 96.13 94.95 94.89 96.10
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Chicks were previded with feed and water ad libitum,
The pens were heated with kereosine stoves threughout
the feur week study peried. The experiment was
carried out during the menths of September te October
which maybe considered to be coel menths. Birds were
welghed collectively per pen on weekly basis,

Bene and Bleod sample cellectien

Three birds per treztment (ene per replicate)
whese weights were clese to the pen average were
selected for bleoed and bone sampling. Bleed samplings
and bone extractiens were done in the Meat Science
Laberatery.

Test tubes large eneugh to accomedate about
10mls eof bleed were marked against each dietary
treatment. Few drops of anticeagulant (heparin)
were put in each tube. Each bird was bled by severing
the bracheszl vein and bleed gushing out was cellected
in the test tube until the tube was about twe-thirads
full. The tubes were each sealed with celephane
paper and recked gently to mix the bloed and
anticoagulant in the tubes. Each bloed sample se
cellected was immediately immersed in ice bleck. When
all bloed samples were cellected, they were immediately

centrifuged (within an heur of collection, Njeku 1580)
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at 750g fer five minutes and fthe blood plasma that
flLated on top was aspired with the aid of a plastic
syring inte a sterile plastic tube and stored in the

freezer for later analysis,

After bleed sample cellectien, brids were finally
sagrificed and the tibia excised. Benes were seaked
in|warm water centaining a few drops ef 2 percent sodium
hydrexide and allewed to simmer (Ansah 1986). This
wag te facilitate easy remeval of residual flesh Irom
benes, After the flesh was remeved, benes were dried at
105.C evernight in the even, it was then allewed to coel
and the bone weight and length were taken, The dried bones
we%e defatted by soaking in diethyl ether fer 72 hours,
air dried and stered for ash determinatien, The dried
beges were ashed at 600.0 fer 24 hours in a muffle
furnance, cooled in a desicater and weighed, The asr

wag saved fer ash calcium and phespherus determinatien,

Blded Plasma and Ash analysis

Bloed plasma was analysed fer alkaline phesphatase,
ani plasma calcium, Plasma alkaline phesphatase was
anflysed by the colerimetric methed (King and King 1954),
using 0.,01M disedium phenel phosphate substrate in a
sejutien ef sodium carbonate and sodium bicarbenate

buffer and the activity was read with the aid of
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Celerimeter MODEL 252, The principle is that the
phenel released by the enzyme hydrolysis from phenel
sulphate at pH 10.0 reacts with alkaline exidizing
agent, 4 - amnophenazene to give a red celor, the
intensity of which is prepertional te the activity of
the enzyme,

The plasma calcium analysis was carried eut as
outlined by Baginski et al, (1973) with the aid ef
Speetrephetemeter Medel PYE UNICAN SP6-300. The
principle is that, the calcium in a sample solutien

reacts with a solution containing O-~Creselphthalein

complexene and 8-hydrexy quineline in dé&lute hydrechloric

acid. A red complex is fermed between calcium and
criselphthalein complexeone at a pH between 10-12 which
is maintained by the additien of diethlamine buffer,

The 8-hydrexyquineline contained in the reagent binds
magnesium and prevent the interference frem this ien.

Calcium content of the ash was determined by

atemic absorptien spectrephotemeter Medel 2G0B fellowing

wet digestien methed using a mixture of nitric acid,
Perchleric acid and sulphuric acid as eutlined by

Perkin-Elmer Corp. (1968). The ecess solutien le’t

over from the wet digestion was used in determining the

phespherus content of ash using the Vanademolybdate

(Yellew method) as outlined by Hasse (1971).
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Mta collected were sumnmarized and analysed
statistically and where pessible separatien of means
was carried out using Duncants Multiple Range Test as

eutlined by Steel and Torrie (1980).

RESULTS

The results obtained from this experiment are
summarized in tables 5, 6, 7).

The parameters en weight gain, feed intake, feed
efficiency etc. are summarized in table (5). The
statistical analysis of the data on body weight gain,
feed intake and feed to gain ratie (feed efficiency)
did not show significant di fferences among the dietary
treatments. Figures on leg weakness (tibia
dyschendroplasia) and mertality rate were calculated
but were not analysed statistically to test for
significant difference among treatments means.

Tibia weights, tibia lengths and tibia ash percent
and the ratie of bone to bedy weight (table 6) did not
shew any statistical differences when analysed. Tibia
ash weight, bene ash calcium and ash phosphorus showed
significant differences ameng treatment means. Diet 1
gave the highest ash weight (2.17g) followed by diets 2
and 4 (1.99 and 1.95g). Diet 3 produced the least ash
weight (1.58g). Percent calcium in the tibia ash was
highest in diets 6 and 7 (3%4.95 and 34.87 percent)
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Table 5 : The effect of Limestone scurces on the performance of broiler starter
c¢hicks fed from 1 = 28 days ef age.

biet ¢« Limestene Total Tetal Feed Leg ; :
Ne seurce wie feed efficiency deformity Mertality
gain/bird intake/bird g feed/gain (%) (%)
(g (g) gain ,
1 Contrel 630,00 1151 1.83 13 9.3
2 Ashaka 632,00 1141 1.80 1e3 8.0
3 Calabar 624,32 115G 1.86 1.3 4,0
4 Jakura 611,00 1098 1.80 ) 1.3 4,0
5 Sekete 638,68 1196 1.87 _ 2.7 8.0
6 Ukpila . 648,32 1170 . 1.81 1.3 9.3
7 Yandev 622 .68 1161 1.86 4,0 8.0
*SEM 6.66 13.55 0.02 - -

Means within a column are not stztistically significant (P 30.09)

*SEM « Standard errer  of the means.
B | vy g o S -~ T [Ny g, S il .
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at 28 days of age.

Table 6 ;3 Effect of Limestone sources on tibia bone parameters of broiler chicks

11%.

RPlet Limestone Bone wt. Bene Ash wt. & Ash Ash
source (g) Hmwmwr (g) calcium USMM—w:oEm Ca ¢ P ratie

1 Contrel 4,28 6.92  2.17° 51.18 16,0380 2.05:1

2 Ashaka AR 6.99  1.99%P  47.12 15.8620 1.99:1

3 Calabar 2.88 6.73  1.58° 55614 16.868P 1.90:1

4 - Jakura 3.85 7.12 A.mmmd 49.01 Jm.uuv 2.07:1

5 Sokote .61 7.02  1.74% 38,00  35,248DP 46,8580 1.97:1

6 Ukpile 3.62 6.63  1.79%¢  49.91 17.02% 2.05:1

7 Yandev 3,75 7.21 177 47,21 16.542P 2,11:1

» SEM 0.37 0,18  0.10 4,17 0.49 -

= Standard error of the means.

Means within a column with similar letter superscript or without
significantly different (P 20.05)

superscripts are net
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and least in diet 2 (31.54 percent). Percent phesphorus
in the tibia ash in diet 6 was significantly (P/0.05)
superier to that of diet 4 but was not significantly
(P> 0.,05) higher than the other diets,

All dietary treatments did net result in statistical
differences among each other for plasma calcium anc
alkaline phosphatase (table 7).

Cerrelatiens

Ash weight showed a positive and significant
(P/0.05) correlatien with tibia weight (tzble 8). Ash
calcium also showed a pesitive but net significant
relatioenship with calcium intake. Plasma alkaline
phesphtase was inversely related to bone calcium but

the relatienship was not significant.
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Table 7 ¢ The effect of Limestone sources on blood
parameters of broiler chicks at 28 day of age.

Dot Limestone  Plasma calcium Plasma alkaline
source mg/dl phosphatase IU/1

1 Centrol 9.29 653.20

2 Ashaka S.87 702 .90

3 Calabar 10.25 66790

4 Jakura 9.93 672.13

S Sokete 9.11 655,57

6 Ukpila 9.63 686,73

7 Yandev 9.75 686,33
*SEM 0.60 12.71

Means within a column are not significantly different (P )0.0%5)

»*
SEM = Standard error of the means.,
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Table 8 ¢ Cerrelations between some parameters in

Trial 1.
Ash weight Ash Calcium
Calcium intake - 0.664
Plasma calcium - 0.638
Alkaline phosphate - ~0,128
Bone weight 0.945# -

*

Significant (P/0.05)

TabUI.ated F value at PL.OS = 0-75"’
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DISCUSSIONS
The weight gain in experiment 1 did net show
gsignificant differences ameng treatments. 1In this
country, data on a similar study to enable comparison
are scarce. Elsewhere hewever, Waldroup et al, (1964)
tested the suitability of several calcium sources
{(reagent) calcium carbonate, oystershell, calcium
sulphate and ground limestone for inclusion inte
broiler chick diet from day eld to 28 days of age.
They reperted that there were ne significant differences
ameong sources when hody welght was the criterien fer
evaluation. Anderson et al, (1984) alse could net
demonstrate the effect of limestene sources on welight
gain. Hewever, they speculated that the lack of
significant effect might be due in part to the higher
level of the basal calsium in the diet, The basal
calcium level in their diets was five times that of the
test sources. In this experiment, the basal calcium
level furnished about 1.5 times mere calcium than the
test sources. Accerding to Simce and Stephenson (1961),
Formica et al, (1962) and Waldroup et al. (1964), calcium
requirement for growth of broiler chicks is net moure
than 0.6 percent. The amourt of calcium contributed
by the basal diet was up to 0,75 percent and enly 0.5
percent calcium came from the test sources. Dicalcium
phosphate was incorperated to satisfy mainly the phesphorus

requirements, the calcium from this source accounting for
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most of the basal calcium. Since dicalcium phosphate is
knewn te be highly available to chicks, it is pessible
that much of the calcium required for growth in this
experiment was supplied from this source rather than
the tested sources, hence the lack of significant
effect ameng treatment means as reported by workers cited
abeve. These welghts cempared favourably with the
average welghts obtzined en the conventienal (contrel)
diets in this area (Degari 1985, Nelson 1984 and
Offiong 1984},

Feed Intzake was not significantly influenced by
dietary treatment., It is possible thit at the level of
inclusien in the diets, the quanties of the limestone
sources were net large enough to produce a significant
effect on feed intake.

) Feed efficiency was alse net influenced by dietary
treétments. Figures on leg abnormslities were calculated
and were net analysed statistically since leg diserders
were net distributed throughout all the replicates of each
dietary treatment to enhance statistical analysis.
Veltmann and Jensen (1981) peinted out that several
facters apart from nutritien {(disease erganisms and
genetic traits) have been incriminated as predisposing
facters to the conditien of leg weakness in chicks, but

they maintain that the etiolegy of this malady is still

-
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not fully understood,

The percentage mortality was calculated and not
analysed statistically. Birds in this experiment were
vaccinated at source. After enly few days on the
experimental treatments, birds in all treatments came
donw with a respiratory prooclem which was later
traced te vaccination procedure at the source of chicks.
Some chicks died as a result of this proeblem while
ma jority responded to treatment.

Bene (tibia) weight was not influenced significantly
(P>0.05) by dietary treatments. Ash weight showed
significant variations among treatment means, However,
the percent ash content of the tibia bones were not
influenced by dietary treatments. Since ash weight
represent the'mineral or inerganic constitutents
of the bone, it cculd be a better measure of the
mineral status of bone. It is pessible that the
defattening method used in these studies were not as
good as conventional method of ether extraction, and
benes may still contain more organic matter than was
though possible (See Appendix - Fat extrsction methods).
Bone lengths did net show significant differerces among
treatment means. This 1s a good indication of the
uniformity of birds selected¢ for sample taking from

different dietary treatments.
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The percent calcium in the tibia bone ash showed
significant veriation among dietary treatments but the
pattern of variation was not as reflected in the ash
weight, However, the percent calcium in the tibia
(bone) ash of all dietary treatments compares favcurably

with t*e values reported by Hulan et al. (1985) for

broilef chicks of this age group. Percent phosphorus

in the tibia ash also resulted in significant differences
ameng treatment means but the values observed in all the
treatment means reached average walue reported by Maynard
and Leosly (1962). The ratie of calcium to phosphorus

in the bone (2:1) as reported by Preston et al. (1977)
was essentially attained in this study.

Conclusien

The birds in this trial did not develop any ill
effects that could be attributed to the sources of limestone,
The performance of the birds fed diets containing limestone
from the sources was comparable to that of the contrel diet,
If these birds utilized the calcium originating from the
| imestone sources in actuality, it can be concluded that
all the geurces of the limestones tested are fit

for inclusion into broiler chick ratiens.
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TRIAL 2, THE EFFECT OF LIMESTONE SCURCES ON THE
PERFORMANCE OF BROILER FINISHERS (5-8 Weeks).

INTRODUCTION

Some researcﬁers have limited their studies on
mineral nutrition of broiler chicken to the starter
stage of between zero and 28 days. This is usually
because of the assumption that the pattern of performance
of the broiler chick 1s usually established at this
stage and chicks are expected to respond in this manner
through to market weight.

Hewever, many studies have shown that brciler
chickens do exhibit compensatory growth (Washerburn
1979, Hulan et al, 1980, Marks, 1978, and Moran 1381).

QBJECTIVE

In view of the apparent success of the fifét trial
with broller starter chicks O=4 weeks, anether trial
was carried out with the broiler finisher chicks te
as¢ertain the suitabllity of the procured limestone
sources on broiler finishers (5 to & weeks). The
following parameters were utilized for evaluation:
growth rate, efficiency of feed utilization as well as

bone and blecod parameters.
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l MATERIALS AND METHODS

Four hundred and sixty two (462) Anak-180 broiler
chicks of the starter stage experiment were utilized.

At |the end of the starter stage experiment, all the
chicks were fed a common (control) diet fer 7 days.

At |the end of this period, all chicks were mixed up

an4 reassigned at randem to 21 pens used in the previous
stqdy in such @ way that each pen now had 22 chickens.
ThJee of such pens were assigned at randem to the seven
diaetary treatments,

The covered sides of the pens were removed teo
aliow for cross ventilatien in the poultry house and the
chﬂck feeders and drinkers were replaced with grower
feeders and large waterers. The compesitions of the
experimental diets used in this trial are shown in
ta’ es 9 and 10. Bone and blood samples were collected
at hhe end of the study and analysed accorcding to the
p edures outlined in trial 1. Data collected were
summarized and analysed statistically and where
netissary, separation of means was carried out using

Duncan's Multiple Range Test as outlined by Steel and
Torrie (1980).
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"able 9 ¢ The cemposition of the experimental diet used in
Trial 2 ( broiler finisher 5 = 8 Weeks of age.

Bone Limestone sources
:ii%rol Ashaka Calabar Jakura Sokete Ukpila Yan
diet
21t Ne 1 2 3 4 “ 6 7
~arn 60.59 59.57 59.57 59.57 59.57 59.57 59.
;/nut cake 36,00 36 26 26 26 36 26
i»ne meal 2.52 - - - - - -
ical Phes. - 2.54 2.54 2.54 2.54 2.5k 24
imestone - 1.0 18 1.0 o (4 1.0 Y
thienine 0.15 0.15 0.15 0.15 0.15 0.15 0.
/sine 0.15 0.15 0.15 0.15 0.15 0.15 0.
11t 0.30 0.30 0.30 0,30 0.30 0.30 0.
emix" 0.30 0,30  0.30 0.30 0.30  0.30  O.

slculated Analysis:

“retein % 20.30 20,25 20.25 20,25 204,25 20.25 20.
Y4 Keal/kg 3008 2973 2973 2973 2973 2973 297
lcium % 0.99 1.03 1.03 1.03 1.03 1.03 ; I
tal P % 0.82 0.82 082 0.82 0.82 0.82 0.
th + Cyst. % 0.79 0.80 2.80 0.80 0.80 0.80 0.
/sine % 1.02 1.01 1.01 1.4 01 1.01 1.01 e
1:P ratie 1.21381 1.26:1 1.26:1 1.26:1 1.,26:1 1.26:1 1.26:
We P % 0.27 0427 0.27 0.27 0.27 0.27 0.

‘The Premix (Z00DRY) at the rate of incorporation in the diet supplic
e follewing additonal nutrient per kilogram of feed: Vitzmin A,

11,012, 1.U,, Vitemin D3 4,020 1,U., Vitamin E, 20 I.U, ,

Vitomin K, 4.02mg, Vitamin By, 9.00mg, Vitamin Bg, 6.00mg, Nicotinic
id, 5Omg, Calcium D-pantothenate, 1602mg, Vit min B42, 0.03mg,
itamin C, 40.02mg, Choline chloride, 40.,02mg, Manganese, 200.02mg,
‘on, 100,02mg, Zinc, 80.,02mg, Cepper, 4.80mg, Iodine, Z.81mg, Cobal’
41mg, Selenium, 1.08mg.
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Table 10 ¢ Proximate analysis of the diets fed during broiler finisher study fer
Trial 2 (Figures on dry matter basis).

Bene Limestone sources

MMMWHoH Ashaka Calabar Jakura Sokote Ukpila Yandev

diet
Diet Ne 1 2 3 o 5 6 7
Protein % 21.14 20.76 20,83 20.94 20.85 21,06 21,23
Calcium % 1.03 1.00 1.10 1.16 0.99 1.03 1.13
Ether extract 7.18 ©.94 6.87 7.27 6.79 6.80 7.04
Crude fiber 3.G4 4,06 3.41 3.76 3.81 414 3.89
Ash 8.51 9.01 10,11 8.68 8.43 9.35 8.96

Dry matter 95 .89 96,18 94,97 94,55 96.21 95.61 94,96
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RESUﬁTS AND DISCUSSIONS

The results obtzined on ééight gain, feed intake,
feed efficiency, leg diserders and mertallty rate as
presented in table 11, The analysis of variance on weight
gain did not show significant differences among tne
various treatment means. The superior weight gain of
birds fed diets 6, 2 and 1 in that order were enly
numerical, The desirable average final weight of 1.80kg
for an eight week broiler rearing period professed by
a body of literature was not attained in this experiment
(the minimum weight was 1.60kg while the maximum weight
recorded was 1.70kg)}. This may ‘have been so because
the chicks had an attack of a respiratory disease
earlier {See trial 1).

Feed intake in this experiment was not influenced
by dietary treatment. It is pessible that the limestone
sources at the levels of incerporation was not large
enough to cause any significant effect on feed intake.

; Feed efficiency (the amount of feed consumed per
unit of gain) was not influenced by dietary treatment
and this is in agreement with the studies of Pavic
{1974) who found no significant effect of limestone
on Hybre broilers reared toc 56 days of age. The
level of feed efficiencies cbtained on all treatment
means in this study alse agrees with the World Bank
Report (1983) which stated that ®"feed use in breilers
should be kept on no more than 2.5 kiles of feed per

kile of live poultrynm,
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Table 11 : The effect of Limestone sources on the performance of broiler
finisher chickens between 5 - B Weeks of age.

Diet Limestone Total wt. Total feed Feed Leg
No source gain/bird intake/bird efficiency disorder Mortality
(g) (g) g feed/g gain (%) ¢%)
28 days 28 days
Control 780,.,%% NOJW.WU Mamm .Nom AOU
Calabar 668,01 174633 2.61 3.0 3.0
Jakura .N.N0.0.._ ._muu-mm N-P@ bgw UoO
Sokote -Nmb ou.r A@b.mnWN NOUU 1.5 muJ
Yandev 761.01 1906 .32 2.50 3.0 3,0

¥ ] O\l

mmz Jmog Nm.mm o.ou - =

Means within a column are not significantly different (P »0.05)
#SEM = Standard error of the means. .
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Leg disorders and mortal}ty rates were calculated
but were not analysed statistically. The leg disorders
that eccured in this trial on diet 1 {(control) were a
bit high (7.6 percent). However, this diet was a
control diet and not the test diets for limestone
sources. Leg disorders wer% not distribured
throughout all the replicatés. %

Mertality occured in ail treatments in this trial
but the figures were generally low, This trend was not

sbserved for diet 5 during the second broiler finisher
i

experiment, :

Means for bone weight,ftibia ash weight, percent
tibia ash, tibia length, peycent calcium in the tibia
ash and bone to body weight;ratio are presented in
table 12. _

Significant differencéé.among treatment means
occured in tibia bone weigh%. Diet 2 produced superior
bone weights which were not; significantly different
from bones on dietss 3 and 6. Diets 1, 3, 4, 5 and 6
were not significantly different from each other, and
diets 1, 4, 5 and 7 dig not;differ significantly.

Tibia ash weight did not sh%w significant differences

among the treatment means but the numerical

superiority of the treatment means for ash weights

followed a similar trend like the tibia weights,
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It is passible that the significant differences that
occured among the treatment means in the tibia

weights were due to organic matter that sill persisted
in residual these bones since the significant
differences disappeared on ashing the bones. Duckworht
and Hill (1953) pointed out that ash weight of bones
gave a more satisfactory results as for assessing

the minerzl content of bones than bone weight and .
ash percent, There were no significant differences in
bone ash percent. Duckworth and Hill (1953) concluded
that ash percentage and ash weight together are

better criteria for assessing changes in minerals
status of the adult bone than either alone,

Bone length did not show any significant (P> 0.05)
differences among treatment means, Njoku (1980); Smith
and Kabaida (1985) did not find significant differences
in tibla length for different calcium and phospherus
regimensy Hewever, Smith and Kabaija (1985) reported
that the volume of bones from birds fed high calcium but
low phosphorus diet was higher than those fed low calcium
diets, indicating the greater thickening of bone in the
former dietary treatment. This in effect means that
bone length is not a good criterion for assessing calcium

adequacy.
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Table 12 3

*

of broiler finisher at 8 weeks of .age.

The effect of Iimestone sources on the tibia bone ﬁmﬂmamdomm

B e B T T Y Mo ae g Em
1 Control 14,60% 41,21 5.45 37,41 31,885 16.29 1,96:1

2 Ashaka 17.41% 11.40 6,32 36,21 31,03° 17459 1.77: 1

3 Calabar 45,4432 10,87 5.98  39.41  32.38° 16.54 1.96:1

4 Jakura 15.06%¢  11.47 5,67 37,93 32,900 17.06 1.93:1

5 Sokote 13,84 11,35 5,36  36.79  33.368° 17.59 1.93:1

6 Ukpilas 15.85%% 11,31 5.96  37.64 33,97 18.13 1.87:1

7 Yandev 12,960 10,73 5.45 42,55 34,03 17.06 2,00:1

* SEM 0,72 0.19  0.33 2,20 0,014 0,516 -

Means within a column with similar
significantly different (P »0.05).

letter superscipta or without superscripts are not

#3EM = Standard error of the means,

N
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The percent calcium in the tibia bone ash showed
significant differences among treatment means.l Since
the limestone samples that constituted treatments
czme from different deposits, these differences 1n
treatment means could be attributed to the seurces.

The percent phosphorus in tibia ash did not show
significant variatiens among the treatment means.

Data on both the plasma calcium and plasma alkal ine
phosphatase are summarized in table 13. Plasma
calclum showed significant differences ameng
treatment means. The birds fed diets 1, 5 and 7

had more plasma calcium than those birds fed diet

&, The birds fed diet 6 had the least plasma calcium,

Plasma alkaline phesphatase did net show any
significant differences among treatment means.
Alkaline phosphatagse is associated with bone ‘
calcification and functiens in the transfer of phosphatase
ke the site of calcification. Georgivskil (1982)
redorted that the content of alkaline phosphatase in
the blood plasma is proportional to the activity of
the esteoblast. It has been reported that alkaline
phesphatase enzyme deteriorates with time due to poor
storage (Motzok and Waynne 1960), this may explain why
the levels of alkaline phosphatase in thls experiment
were lewer than those in the second experiment since

the plasma samples were stored for a leng time and were
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Table 13 : The effect of Limestone sources on blood
parameters of brofler finisher chicken
at 8 week of age,

Diet [ imestene Plasma calcium Plasma alkaline

Neo source mg/dl phosphatase iu/l
§, O RN et 12,05° 485,17
2 Ashaka 10.49" 449,67
3 calabar 10.48° 440,30
4 | Jakura 10.74°¢ 537,00
5 | Gokote 11.352P 503,83
6 Ukpila 10.12c 508.17
7| Yandev 11,06 - 508417
* SEM 0.28 26 .34

Medns within a column with similar 1letter superscripts

or [without superscripts are not significantly different
(P} 0.05).

*5 = Standard error of the means.
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analysed at the same time as those in all other

experiments,

Conclusion

In view of the fact that the pertinent parameters
of grewth rate, efficiency aof feed utilization, leg
diserders and mortality rate which are usually
monitored in assessing the performance of breiler
chickens did not show significant ill=effect that could
be attributed to the limestone sources it is concluded
that all the limestone sources tested were geod for

inclusion inte the broiler finisher rations.
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TRIAL 3. FURTHER STUDIES ON THE EFFECTS OF LIMESTONE
SOURCES ON THE PERFORMANCE OF BROILER CHICKS
(0 - Q Week ). w

INTRODUCTION

In the previous two trials, it was assumed that
all the precured limestone sources contained the
optimal or near optimal level of calcium content
(38 percent). Gross studies were therefore conducted
to ascertain this fact. The results of the first two
trials did not show any noticable harmful effects
that could be attributed to the limestone scurces,

It was reasoned thzt possibly, éhe dicalcium phosphate
which was incorporated in the test diets to furnish
the phosphorus regquirement might have also supplied
enough calcium for the need of birds while little use
may have been made of calcium orlginating from the
procured limestone sources incorpoerated into the diets.
. The limestone sources were therefore analysed |
chemically to ascertain the actual calcium content of
each seurce and to determine if there could be other
associated minerals in quantities that maybe toxic
to the breiler chickens at the levels of incoerporation
in the diets. The limestone sources were incorporated
in the dietary treatments according to their calcium
content., The level of dicalcium phosphate (phosphorus)

was reduced to allow for the incorporation of more

limestone in each diet so that the effect of each
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limestone source (if any) may become more apparent,

OBJECTIVE
The ebjective of this study was to re-evaluate
the effects of limestone sources on the breiler starter
chicks (O-4 weeks) employing the same parameters as

per trial 1,

"

MATERIALS AND METHODS

Three hundred and fifteen Anak-180 broiler chicks
ebtained from the same source as the previous experiments
were utilized in a cempletely Randomized Design such
that each trestment group was assigned 45 chicks.
There were three replications per treatment and each
replicate had 15 chicks. Birds were wingbanded and
vaccinated against Newcastle disease (via intraeccular route)
upen arrival on the farm. All birds were weighed
individually before assigning them at random to the
digetary treatments. The pens were heated at night with
100 watts electric bulbs. |

The composition of the experimental diets 1is
presented in Table 14, Each consisted of corn=sovabean
sources was determined {by the Ballapur Glass Cempany
Kaduna) and incorporated in the diet according to their
calcium contents. The present phosphorus level in each -

diet was reduced from 1.0 to 0.8 while that of calcium
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":ble 14 : Composition of the broiler starter diets used

in trial 3. (0 - 28 days of age)
Limestone sources
Control ZAshaka abar Jakgura Sokoto “Ukpila Yanc.
i< ' 1 2 % 4 5 6 7
orn 56415 55.44 55,41 55 .48 55 42 55 45 55 o4/
'yabean meal 40 40 40 40 40 40 40

‘une meal 2.66 - - - - - -

vstershell 0.46 - - - - - -
Lical PO4 - 2.17 2.17 2.17 2.17 2«17 2:17
. imestone - 1.66 1,69 1.62 1.68 1.65 1.6
M thionine 0.18 0.18 0.18 0.18 0.18 0.18 0.18
1 - 0.25 0.25 0.2% 0.25 0.25 0.25 0.2
cemix™ 0.30 0.30 0,30 0.30 0.30 0.30 03

lculated Analysis:

.oude protein % 23 22.99 22.99 22.99 22.99 22.99 22.9°
. Kcal/kg 2950 2926 2925 2927 2925 2926 2926
w1lcium % 120 120 1.20 1.20 1.20 1.20 1.2¢C
~Total P 0.80 0.80 0.80 0.80 0.80 0.80 0.0
CasP ratie 1,50:1 145081 1.50451 1.50:1 1.50:1 ~.,50:1 1,50:1
V.th + Cyst. 0.93 0.93 0.93 0.93 0.93 0.93 0,97
Lysine 1445 1.45 1.45 1.45 1.45 1.45 1.4°

“»The Premix (Z00DRY) at the rate of incorporation in the diet supplier
¢ following additional nutrient per kilogram of feed: Vitamin A,
vitamin K,

-02mg; Vitamin By, 9mg; Vitamin Bg, 4.00mg; Nicotinic acid, 50mg;

12,000 T.U.; Vitamin D3, 1,020 I.U,.; Vitamin E, 10 I.U.;

lcium D=pantothenate, 16.02mg; Vitamin B2 0.03mg; Vitamin C,

.02mg; Choline chloride 40,20mg; Mangense 200,02mg; Iron 100.02mg;
_.nc, 80,02mg; Copper 4.80mg; Iodine, 2.81mg; Cobalt, O0.47mg;

lenium, 1.08mg,
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Table 15: Proximate anzlysis of the diets -~ Trial 3 (Flgures on dry matter basis)

Bone mesgl Limestone sources

control Ashaka Calabar Jakura Sokoto Wkpila Yandev
Diet No 1 2 3 4 5 6 7
Protein % 24 JL4 24,91 24 .63 24,69 24,72 24,98 24 .13
Calcium % 1.30 1.31 1.26 1,26 1.24 1.27 1,22
Ether extract % 5.88 6.91 5.18 6,01 6.21 5.95 5450
Crude fiber % . 2496 2.68 2.12 2.73 3.25 2.82 3.64
Ash % 750 7.25 T o735 7 olsls 9,68 8.72 8.20

pPry matter % 96,58 94,57 94 .40 94 .56 94,71 94,07 94,54
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was maintained. Oystershell wes therefore employed to
balance the calcium requirement of the control iiet,
Feed and water were supplied ad libitum. Birds were
weighed individually at the end of each week ani at the
end of the four week trial period, the sex of esch
bird was determined using the comb and wattle
develepment. Blood and bocne samples, and blood and
ash analysis were carried out as outlined in tr: al 1.
Data collected were summarized and analysed
statistically and where necessary, separation of means
was carried out using the Duncan's Multiple Range
Test as outlined by Steel and Torrie (1980),

RESULTS

In this experiment, feed intake and feed to gain
ratio (feed efficiency), table 16) did not show any
statistical significance (P> 0.05) among the dietary
treatments means. Hewever, growth rate showed
statistical significance among treatment means. Birds
fed diet 1 (control) grew significantly (P/0.05) faster
than birds fed diets, 3, 5 and 7. The superior growth
rate of birds fed diet 1 over those fed diets 2, &4 and 6
was only numerical and did not show any statistical
significance. Merevoer, these birds fed diets 2, 4 and
6 were not statistically different from those birds fed

diets 3, 5 and 7.
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Table 16 :

Effect of limestone sources on the performance

(1 - 28 day of age} 3rd broiler study.

of broiler chicks

Diet jimestone Total Total Feed Leg disorder Mortality
No source wt gain/  peed efficiency % %
bird {g) intake/ g feed/g
28 days bird (g} &ain
28 days
1 Control 596,122 1148,00 1.81 ® -
2  Ashaks 5361 mwu 999,32 1,86 0 -
3 Calabar 503 .48 986,00  1.96 0 2.2
&  Jakura 535.482%  970.32  1.83 0 2,2
5 Sokoto mmh..mmc 1004 ,32 1.91 0 b
6  Ukpila 571.48%°  1034,00  1.80 o -
7 Yandev 515.56° 86 432 1.92 0 -

Means within a column with similar letter superscripts or without superscripts are
not significantly different (P>0.05).

*SEM = Standard error of meanse o S
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Tatle 17 : Effect of limestone scurces on tibia bone parameters of broller

at <8 days of age .
Diet Laémestone Bone wt Sone Ash wt. ¥ Ash  Ash Ash
No source (g) length (g) Caolcium  phosphorus Ce : F
(em) »
1 Control 5,17 6473 4.90 37.02 30,28% 16.60° 1.84 1 1
2 Ashaka 5,16 6.78 1.78 34,59 32,282 17,067 1.8 3 4
3 Calabar 541 6.70 1.96 36.22 u;.ﬂomd AQ.Omd 1.85 ;1 1
. d
4L  Jakura 4,90 .51 179 36,53  29.39 14 ,69° 2,00 : 1
’ c
5 Sokato 5,98 A BR 2,25 7.52 31,00 15 .53 2.00 3 1
6  Ukpila 5.68 6.97 1.91  33.38 30,535 16.54° 1.85 : 1
7 . Yandev 4,72 6 Lk 1.74  37.02  30.54P¢ 18.L0% 1.66 3 1
» SEM 0.30 0,22 0.18 244 0,07 0.29 -

Means within a column with similar letter superscripis or without superscripts are not
significantly different (P 20.05).

®*5EM = Standard error of means.
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Table 18 ¢ The effect of limestone sources on blood
parameters of broiler chicks (at 28 days
of age) 3rd broiler study.

Diet  Limestone Plasma calcium Plasra alkaline
No source mg/d1 phesphatase IU/1
1 Contfoi 9.37 1888.6

2 Ashaka . 9475 1796,30

3 Calabar 10.36 1952.50

4 Jakura| 9474 2059.00

5 Sokoto 9.27 1917.0C

6 Ukpila. 9.13 . 1980,90

7 Yendev) 9413 1909,90

* SEM i 0.33 51,07

A

Means within a column are not significantly different
(P>0.05).F.}

*SEM = Stan&ard error of means.

=
[
e g 2
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The results on the analysis of bone parameters are
shown in Table 47.% Tibie bone weight, ash weight, ash
percent and bone length, di& not show significant
differences ameng the treat@ent ‘means. However,
percent cazlcium and percentiphosphorus in bone ash
showed significant differences among treatment means.
The percent calcium in the bone ash was highest in
diet 2 but did not differ from that of diet 3.

Diets 3, 6 and 7 were not statistically different

from each other. Dilets 5, 6 and 7 differed only from
diets 1 and 4, Statistical aﬁalysis of plasma calcium
and alkaline phosphatase were not significantly

- different between treatm%nt means, (Table 18), lii
\ | : ;

Tat vy CORRELATIONS

Ash welght showed in significantly (P/0.05)
_p-sitive correlation with tibia weight, Plasma
alkaline phosphatase was inversly related to bone
calcium and this inver-ze relationship was significant'%:

(P/0.05),

DISCUSSIONS

Significant differences in weight goin occured

among the dietary treatments. These differences are
believed tov represent reoal treatment effect on welght

~ gain, for the different limestone sources were analvsed

S
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Table 19 : Correlations between some parameters in
experiment 3., The effects of some limestone
sources on the performance of broiler chicks
(28 days of age).

Ash weight Ash calcium
Bone weight ~ o.889" -
Plasma calcium | _ - 0.348
Alkaline phosphatase - —0.801*

*Significant (P/0.05)

Tabluted r valur at P/0.0S = 0,754,
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and incorporated into the diets according to their
calcium contents. Moreover, the calcium to phosphorus
ratio was widened to incorporate more limestone sources
in the different diets. The calcium being contributed
by the test sources furnished about 1.4 times more
calcium than éhat contributed by the basal diett(by
calculations). The growth rate of birds in this study
was slightly less than those in trial 1. Howsever, the

average weight gain of birds obtalined in this study

compares favourably with that described as "good growth" %

by Shard gt al, (1979) that is, 500g versus 550g.
Feed intake was not influenced significantly (P> 0.05)
by diets, -

Feed efficiency was not influenced significantly
by dietary treatments. Birds in this trial did not
develop any visible signs of leg abnormalities threough
out » the 28 day study period., The percentage mortality
was ¢alculated and was not subjected to analysis of
v:riance because mortality figures did not reflect
dietary influence since denths that occured were not

distributed throughcut the replicates of the verious

diets, Most of the decths ocecured when birds were still
under two weeks of age. Farrell et al, (1973) suggested

thet mortallity mea urements should start at two weeks of

re

o B
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to remove hatching and other effects that are independent
of dietary treatments,

IBone welght, ash weight, tibila ash expressed as
percent of the whole bone, and tibiz length, all did
not respond significantly to dietary treatmenits,. The
percent calcium in the tibla ash showed significant
varlations among diet means but were in general
agreement with the wvalues reported by Hulan et al.
(1985), The percent phosphorus in the tibia ash
also showed significant variations among treatment
means but generally agreed with the known values for

chickens.

Conclusion

Thé apparent lack of 111 effects on the starter
chicks (O ~ 4 weeks) that can be attributed to the
limestone sources it in agreement with the findings
of trial 1 that the limestone sources tested are irn
effect suitable for use in the diets of this class

of poultry.'
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TRIAL &4 . Further studies on.the gffects of limestone
sources on the performance of broiler finishers
(5 - 8 weeks of age).

INTRODUCTION

The appérent success of the previous brofler
finisher study utilizing the limestone sources as
test material necessitated a repeat of such a study
to further ascertain whether these scurces could be
Justifiably certified good and safe for inclusion
into the broller finisher diets. The limestone
sources used in this study were chemically anclysed as

in trila 3 before they were incerporated in thE clets.

_ OBJECTIVE
The.trial was carried out to determine whether
the incorporation of the analysed limestone sources
could produce any noticable adverse effect on the
brofler finisher (5-8 weeks) using similar paramcters

- !

as per the other broiler studies.

MATERIALS AND METHODS
Two hundred zand ninety four Anak ~ 180 broiler
chicks thet had been used in trisl % were utilized

in a Completely Rendomized Design to evalucte these
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limestone soi

ces on the broiler finisher stage.
Birds were separated into sexes before the start
of the trial @sing the comb and wattle development.
Each treatme group had equal number of mzles and
females to efminate variations in feed intake and

growth rate e to sexess. As in the previous trials,

there were s@@en dietary treatment groups and each
treatment gr@@p wes made up of 42 birds, There
were three r icates per treatment and each
replicate gr had 14 birds., The covered sides of

se were removed to allow for cross

the poultry
ventilation the poultry house and the chick
feeders and Wlterers were replaced with grower
feeders and 'ge waterers. The composition of the
experimental @iets are shown in Tables 20 and 21,

Bone anq blood samples were collected at the end
>f the study et.d znalysed as outlined in trizl 1.
Q?fa collected| were summarized and analysed statistically
nd separatlon' of means was carried out using Ducan's
Multiple Range ﬁest as described by Steel and Torrie

(1980).
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"2ble 20 Compositioﬁ of the experimentzl diet usecd in
trial 4 (broiler finisher 5 = 8 weeks ).

Limestone scurces
Control Ashaka Calabar Jakura Sokoto Ukpila Yandc

Diet Ne
Ingredients 1 2 3 4 5 6 7
rn 62,86 62 61.98 62.0% 62.0 2.01 62.0
yabe=n meal 33.0 33.0 33.0 33.0 33.0 32,0 2340
ne meal 2.50 - - - - - -
'stershell 0.61 - - - - - -
. ical phosphate = 252 252 252 252 2452 o5
‘mestone - 1.45 1.47 1.42 1.45 1.44 1.4
“ethionine 0.15 015 0.15 0.15 0.15 0.15 0,1°
1t . 0.25 0.25 0,25 0.25 0.,2% 0.25 .25
- remix 0.63 0.63 0.63 0.63 0.63 0.67 0.6
‘lculasted analysis: N
otein % 20,12 20,04 20.04 20.04 20.04 20.04 20.0
Kcal/kg 0L 2011 3010 3012 z2011 2011 011
lcium % 1,13 1.13 1413 1.13 1,13 1,13 1.17
vtal P % 0.82 0.84 0.84 0.84 0.84 0.84 0.8!
: P ratie 1.40:1 13551 “1.35:1 153951 1:39:%. 13531 11,3521
th + Cys. % 0,83 0,83 0.83 0.83 0.83 0.83 0.82
. rsine 1.24 1.24 1.24 1.24 1.24 1.24 1.2¢

*The Broiler Premix (Peter Hand) at the rate of inclusion in the die!
spplied %he following per kilogram of feed : Vitamin A, 11,630 TU;

‘itamin Dz, 3,876 IU; Vitamin E, 14 IU; Vitamin Kz 1.94mg; Vitamin

1, 0.97mg; Vitamin B, 7.75mg; Pantothenate acid 9.59mg; Nicotinic
id, 29.08mg; Vitamin Bg, 1.94mg; Vitamin B,,, 2mg; Folic acid .
.97mg; Bilotin, 72.69mg; Copper, 4.85mg; Iron, 14.5mg; Manganese,
'«85mg; Selenium, 0.15mg; Zinc, 68.15mg.
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Table 21 ¢ FProximate analysis of the

- {dry matter basis)

Gdtet S .- Trial &

Niet XNc. Bone meal Limestone sources

Control Ashaka Calabar Jakura Sokoto Ukpila Yandev
Diet No. 1 2 3 4 5 & 7
Protein % 21.5 21,0 21.0 21.7% 21,2 21.320 20,88
Calcium % 1.13 1.15 1.0% 1.04 0.93 1.16 +.18
Ether extract
% 5.99 3,40 3459 3.7 3.19 3.56 2,74
Crude fiber ¥ 2,81 2.86 2.95 2.16 Z.14 2.7 3.17
Ash % 8,71 9,01 10.11 8.11 7.97 8.19 8.27
Dry matter % 96.12 95 .75 94,86 95 .14 95 .61 95 .92 34,90

R T e R
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RESULTS AND DISCUSSICHN

There were no significant treatment effect
on weight gain (Table 22) but birds reached the
1.80kg wiehg (market weight) at the end of the e.ght
week experimental perlod. The overall lack of
significant trectment effect in the two broiler
finlsher experiments is in agreement with the
studies of Pavic (1974), and Nitis and Sutrisna
(1976) who failed to demonstrated significant
effect of limestone {and seasshell) sources on waight
gain for broiler finishers and leghorn growers,
smith and Kabaija {1985) failed to demonstrate tae
effect of calcium level on weight galn even when the
calcium to phosphorus ratio (Ca:P) was vefy wide
(4.8:1). Edward {1982) pointed out the difficulty
associated with using growth rate as a c¢cr terion for
evaluating the adequacy of calcium adequacy In experiments
since maximum growth can be achieved on rations that
give poor calcification of bones., Since these birds
grew well on the tested limestone sources as compared
to the control group, the scurces can be dcertified

as good for use.
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Table 22 : The effect of limestone sources on the performance of broiler
finisher chickens (5 = 8 weeks e? rage) Trial 4

Fs

Diet Limestone eo&mu. Total Feed Leg disorder Mortality
No source wt gain/  feed efficiency % %
bird (g) intake/bird g feed/g
28 days

1 Control 923,34 2207.33 2450 0 0

2 Ashaka 966.66 2292,33 2.37 0 0

2 calabar  948.00 2327.31 2.45 0 14.3
4 Jakura Q76,68 2379,.66 2 WAtk 0 0

5 Sokoto Q26 .67 2%41,32 2,53 0 0

6 Ukpila 1054 ,68 2381,01 2.36 Tolt C

7 Yandev 93g .99 2328,00 2 .48 0 Tl

* SEM 12,45 23,54 0.06 - -

Means within a column are not significant: (P 0.05)

*mmz = Standard error of means.
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Feed intake was not s}gnificantly influenzed
by dietary treatments. Intmke of feed was genz2rally
geod and agreed with the intake values reported by
Offiong (1984). Feed efficiency (that is feed per
unit gain) was not significantly influenced by
dietary treatments,
. The incidence of leg abnormalities was
recorded for diet 6 (7.4 percent). Though, the
figure expressed as a percentage look a bit high,
there were however, only three birds which showed
the signs and these came from only two of the threc
replicate groups. It is therefore unlikely that
this condition could be attributed to the
limestone sgurce. ' *
Mortality figures were recorded for diets 3
and 7. These diets occured towards the end of the
trial and gross postmortem findings were not
Nevident. However, since there were no mortaliily
figures on other diets one can infer that the two
dietary treatments played a role in these deaths.
Means for‘tibia bone weight, tibia ash weight,
ash expressed as percent of bone weight, bone length,
percent c¢alcium in the ash, percent phosphorus in the
ash and the ratio of bone to body weight are pres€nted
in Table 23, Tibla weights did not show significant
differences between treatment means. Tibia ash
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welght however, showed significant (P£0.05)
differences between treatment means. Treatments
1y 24 3, 4 8nd 5 were not significantly different
frem each others Likewise, treatments 1, 4, 5 amd
7 and there were no significant differences
between mean ash weights fer treatments 1, 4, 6 and
Te Diets Zland 3 were significantly different frem
diets € and 7. Since ash weights gives a better
measure of the mineral status of bone (Duckwerth
and Mill 1953) calcium er limestone effect has
been demonstrated in this trial when ash weight is
the parsmeter for cemparisen, Hewever, it can be
seen that great sverlaping of nen significant
differences lpccured ameng the treatment means,
and tegether with the absence of significant
differences among the treatment means fer percentage
ash in thisntrial, 1t can be concluded that all the
iinestone sources treated pllewed fer g;od bone
develepment, This i8 alse in view ef the fact
that the centrel diet was net significantly
different frem the contrel diet was net sigmificantly
different frem the testlimestone sources,

Tibia bene ash expressed as percentage sf tibia
bene weight (ash percent), did net shew significant
variatiens between treatment means. Geergvskii (1982)
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fable 23 ¢t The effeet of limestene sourees en the tibia bone parameters eof breiler
finisher chickens at B8 weeks of age.

%mmﬁ nwwﬂmwdoso wM”w wt W"MM&: »M”ut& Ash % ““Wn»:u m“ﬂwow vUOmWwoncm
(cm) %

1  Centrel 15.52 10,96  5.31% 34,19  30.617 1,90 : 1 16.28
2  Ashaka 15.69 10.68 5.81" 37,53 uaooou 193 & 1 16 .5k

3 Calabar 15.49 10.68 5.92° 38,38 32,28° 2,07 : 1 1552
b Jakurs 14411 10,70  5.18%% 36,81 29,238 4,80 : 1 16.23
5 Sekete 15427 10,26 5.65°° 37,28  31.52° 1,91 : 1 16.54
6 Ukpila 13.96  10.48  4.83° 34,68 31,00° 1.90 1 1 16.28
7  Yandey 13,73 1041 5.02%° 35,49  30.78° 1.92 : 1 16.03
*  SEM 1.0k 0,22 0423 1.26  0.02 - 0.425

Means within a celumn with similar letter superscripts er witheut superscript are
net significantly different (P 70.05).

*SEM = Standard errer ef the means,
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peinted eut that when minera}s are lest frem the
bene, the percent ash ef the bene still remain
unchanged, This in effect means that the ash
percentage is net a sensitive toel in assessing

the calcium adequacy ef a calclum source, Hewever,
Duckwarth and Hill (1953) suggested that ash

welght sheuld be empleyed in cenjunctien with ash
rercentage when assessing calcium adequacy of a
diet. Frem the parameters sn bibia bone weight and
percent ash which tegether have net shewn cenclusive
evidence eof superierity ef ene limestene source ever
ansther, it can be sald that all the seurces eof the
tested limestene are fit fer incerperatien inte
breiler finisher dlets,

Bene length did net result in significant
differences between treatment meana. The percdnt
calcium in the tibia ash shewed significant differenses
ameng treatment means. Treatments 3 and & were net
significantly different frea each ether but all
ether treatment means were significantly differant.
The wvalues fer calcium in the tibile ash in this trial
agree with ash calcium values reperted by Hulan gt ale
{1985). Hewever, these values are generally lewer
than the values reperted in the gress experiments
of trial 1 and 2 which utilized the limestene

seurces that were net analysed prier te incerperatien
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in the test diets and the levels of dicalcium
phesphatase incerperated was higher. 3Jhis may
mean that calcium frem the dicalcium phesphaty
Seurce was mere avallable te breller chickens than
the limestene sources used in triel 1 and 2.
Percent phespherus in the tibia sah did net result
in significant differences hetween treatment means
but the means generally agreed with the knewn
values fer chickens., The ratie ef bene te bedy
weight did net result in significlant differences
ameng treatments means. . )

Data en plasma calcium and plasma alkaline
phesphatase are presented in Table 24, Plasma
calcium did net shewed significant differences ameng
treatment means. Hewever, alkaline phesphatase
shewed significant differences ameng treatment means,
Diets 2 and 3 amd 4 were net significantly different
Trem each sther but diet &4 enly, differed frem all
ether treatments means. High levels of alkaline
phesphatase in the serum indicates celcium inadequcy
in the diet (Paul and Snetsinger 1969, and Garlich
et al, 1984), Hewever Ogura gave excessive ameunts
of calcium in the form ef calcium carbenate te breiler

¢hickens and reperted ameng ether findings, a
remarkable increase in alkaline pheaphatase
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Tabla 24 1 The effect of limestens sewrces en bleed

parameters of breiler finisher chickens
at 8 weeks of age., Trial 4.

;ﬁet Limestene Plasma eslcium Plaama alkaline

seurce mg/dl phesphatase 111/1
¢ Centrel 9.95 1725,3°
2 Ashaka 9.83 1682,730
3 Calabar 10,12 1672 ,68%
4  Jakura 10.33 | 1547 ,8P
5  Sekete 10,47 178942
6 Ukpila 10.00 - 1796.3
7 Yandev 9.64 R ST
‘e sEM 0.40 46,56

Means within a celumn with different superscripts differ
(P/0.05) and these witheut de net differ (P) 0.05).

*SEM = Standard errer of the means,

-
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activity in the serum., He explained that the
excessive calcium interfered with phespherus
metabelism leading te peer bene mineralizatien,
Alkaline phesphatase enzyme is therefere a functien
of phespherus nutritiem and bene calcificatien and
its asseciatien with calcium metabelism is enly in

an indirect manner,

Cenclusien

Ash weight which is a goed indicatien ef mineral
status ef bene differed significantly between diets.
Diet 6 (Ukpila source) that preduced significantly
the least ash weight shewed greater leg diserders.

It is therefere cencluded that the calcium frem the
Ukpila limestene source is less available te breiler
chickens fer eptimal bene mineralizatien but adequate
for eptimal grewth, It 1is suggested that this
limestene be greund te pulverized (pewdered) ferm
fer inclusien in the diet since the form in which

it was incerporated in the diets,was still mere

granular than ethers,
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EXPERIMENT 5, THE EFFECTS OF LIMESTONE SCURCES ON
THE PERFORMANCE OF LAYERS.

INTRODUCTION

While the breiler chicken in the previeus trials
was expected te respend te the inclusien of the
different limestene sources in the diets, the levels
at which the tested materials were incerperated
were apparently net large eneugh te give a true
plicture ef the Influence ef the limestene sources
- an the parameteprs measured in view ef the narrew
¢zlcium te phespherus ratie in this breed of chickens,
which limit the incerperatien ef large percentage
of limestene ssurces in the diets. ‘

The calcium te phospherus ratie 1n the diet
of laying hens 1s much wider than that in the breller
chicken because e¢f the laying hens® ability te
-metabelize large ameunts ef calcium fer shell
calcificatiens Therefere mere limestone frem each
depesit can be incorporated in the diet without fear
of disterting the calcium te phespherus ratie, thereby
preducing the true picture of the limestene effects on
the parameters te be measured. An experiment was
therefere cenducted with layers in which up te 8
percent limestene from each depesit was incerperated

in the diets.
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OBJECTIVE

The ebjective of this study was to determine

the effects of limestefes sources as calcium sources
fer laying hen perfirmance and eggshell quality taking
the fellewing as response parameters: egg preductien

rate, egg weight, feed efficiency, feed intske etc,

MATERIALS AND METHODS

One hundred and sixty eight (168) pullets ef
Shaver Star Cress 579 x Hubbard Golden Cemet werae
used in this study. Pullets were 30 weecks ¢ld and
were laying at 50 percent hen day preductien when
they were put en the study. Birds ef equal greups
were randemly assigned to seven dietary treatments
with each treatments have three replicate pens,
Each replicate pen centalned 8 birds. Birds were
leg banded and weighed individually. The birds
were heused in an epen sided pesultry heuse lecated
in the University farm. The pens were equiped with
laying nests, galvanized hanging feeders and plastic
waterers;, Feeders were reutinely adjusted se that
the base pan levels with the back ef the hens te
minimize feed wastage. The pens were provied with

weedshavings as litter materianl . Birds were debeaked
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and each left wing feathers clipped te prevent

birds frem flying inte adjacent pens. The enly

source of light fer the birds was the day light,
The cempesitien of the experimental diets is

previded in table 25, Diets were femmulated te
centain essentially all the desired nutrients, The
enly seurce of variatien in the experimental diets
was the different limestene sources which were
incerperated accerding te the analysed calcium
centents, The basal diet censisted eof the corn~
cettenseed cake as sources ef energy and pretein
respectively, Oystemshell and bone meal were used
in the centrel diet (diet 1) te previde the required
level eof calcium and phespherus, These twe sources
of calcium and phespherus are cemmenly employed in
laying hen ratiens in Nigeria. Dicalcium phesphate
waé used in the experimental diets to balance the
phespherus levels, Feed and water were previded
ad 1ibitum to the birds.

Eggs were collected twice daily at about
800 and 1400 hours. Eggs cellected from each pen
were weighed collectively at the end of each days
collection using a Mettlers H balance (Medel P, 163),
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ble 25 : Cempesitien of the experimental layer diets
used in Experiment 5 (Layers).

_-_- '--_..l‘—:
Limestene seurce®-w. ..
Ingredients Centrol Ashaka Calabar Jakura Sekete Ukpila Yande
- Diet NO
1 2 3 4 5 6 T

Corn 56459 56.29 56434 56 .48 56,19 56,34 56 ¢2€
Delinted &

fecorticated

otten seed cake 33,0 33.0 3340 33.0 33,0 33,0 33,0
Oystershell 7.8 - - - - - -
Yone meal 135 - - - - - -
[ical Phesphate - 1.30 1.30 1.30 1.30 1.30 1.3C
[.imestone - 8-15 8.10 7176 8.25 8-10 8-1r7
alt 0.25 0.25 0.25 0.25 0e25 0.25 0.25
Methionine 0.18 0.18 0.18 0.18 0.18 0,18 0.1E
Lysine 0.18 0.18 0.18 0.18 0.18 0-18 0.1E
. *
Premix 0.65 0.65 0.65 0.65 0.65 0.65 0,65
Lalculated gnalysis:
Protein % 17.0 17.0 17:0 17.0 17.0 17.0 17.0
ME Kcal/kg 2723 2712 2714 2719 2709 2714 2711
Calecium % 351 3.50 3.50 3.50 3.50 3.50 3.50
Total P % 0.73 0.73 0.73 0.73 0.73 0.73 0.73
Meth + Cyst % 0.86 0.86 0.86 0.86 0.86 0.86 0.86
Lysine % 0.87 0.87 0.87 0.87 0.87 0.87 0.87

*The layer Premix (Peter Hand) at the rate ef incerperatien in the die
upplied the follewing per kilegram of feed: Vitamin A, 12,000 IU;
Vitamin Dg, 4,000 IU; Vitemin E, 15 I.U; Vitamin Ky, 2mg; Vitamin B,
1mg; Vitamin B,, 8mg; Pantethenic acid, 10mg; Nicetinic acid, 30mg;
Vitamin Bg, 2mg; Vitamin Bq,, 2mg; Folic acid, 1mg; Biotin, 75mg;
‘opper, 5mg; Iren, 15mg; Manganese, 70mg; Iedine, 0.5mg; Selenium,

.15mg; 2inc, 60,00mg.
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Table 26 : Preximate analysis ef the layer diets {dry matter basis )

Limestene sources

- Contrel  Ashaka nmwmwwwd zmmwcﬁm Sekets Ukpila  Yandev
1 2 3 4 5 6 7

Protein ¥ 18.14 17.88 17.59 ¢ 18.06 17.19 18.11 18.09

. Calcium % 3,74 3.67  3.61 3,79 371 3.71 3.84
Ether extract % 557 4.95 5.54 5.62 5.08 L.54 5.84
Crude fiber % 6.51 7.06 6.84 6.14 6.58 6.66 6.94
Ash % 10,93 10.71 10,03 10.34 10,94 10.35 10.41
Dry matter % 93.68 94,13 93.90 94,20 93433 94.13 93.90

SR e
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Seft shelled egg and breken er cracked eggs were
alse recerded. At the end of each 28 day perioed, an
egg was selected at randem from each pen's cellectien
and the 3 eggs treatment were selected each day fer
three successive days for eggshell quality
determination (Keshawarz 1984). Each egg was breken
eut at the equiterial regien (Keshavarz 1986).
Eachveggjpell was cleaned out with a tollet tissue paper
and &fid .at 100.0 for about 20 minutes, coeled and
the ah91  weight and shell thickness taken. Each
shell wa; measured at three different places aleng
the equaforial regien with the ;id of a micremeter

(Ames, W lthan, Massachusetts), Feed intake was

determingd at the end of each 28 day period and efficiency
of feed Ytilizatien was determined., At the end of
which lasted fer 4 menths, birds were

ly weighed and the change in weight was
determi +» One bird was selected at randem from
each pen {such that three birds per treatment were
selected fer bene and bleed sample analysis as

outlined |in trial 1,

The experimental parameters were summarized and
subjectesto the analysis ef variance, Signiricant
differences between treatment means were identified
using thc}Duncan's Multiple Range Test as described
by Steel rd Terrie (1980). R
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RESULTS AND DISCUSSIONS

The results from statistical analysis of
data on hen~day proeductien, egg weight, feed per
dozen eggs, feed intake per bird per day, eggshell
thickness, percent eggshell, initial and final
bedyweight treatments means are presented in table
27,

Hen=day Productien

There were ne significant differences (P.>0.05)
ameng treatment means for hen~day egg preductien,
Hewever, diets 2, 4, 7 and 6 in that order preduced
numer ically higher figures cemparable te the centrel.
Diet 5 preduced the least figure, Centrary te
publighed reperts that eystershell is superier te
limestene in enhancing egg preductien (Duke and Charles
1881, Charles 1982, and Hamilten et =l. 1985), there
were ne significant differences between the limestens
centaining diets and that ef the centrel which centained
systershell., This experiment is in agreement with
these reperted by Kuhl et al, (1977), Watkin et al.
(1977), Christmas et aly (1977) and March and Amin
{(1981), whe failed to demenstrate the effect of calcium

seurce and particle size en egg preductien,



Table 27 : The effect of limestene seurces sn the perfermance ef layers

Dlet Limestone Average Averzge Avergge Average Average Average ALverage Average

4 A A T TR
* egg (g) birdf{day  (mm) kg
(g

1 Centrel 67.49 56.11° 1917 102¢ 0.372 9.07 1.54 1.73°

2 Ashaka 67437 56.92%° 4875 105° 0.368 9,12 1.56 1.77%°
T3 Calabar  62.94 58.13%% 2420  110° 0.382 9.26 1.64 1,89%7
S &  Jakura 6741 55.93° 1976 111® 0,378 9437 1,57 1.87*°
" 5 Sekete  .61.03 58435 2004 97° 0.379  9.16  1.58  1.80Rf¢

6 Ukpila 65431 57.04°° 4997  104%° 0.362  9.06 1,58  1,95°

7  Yandev 66413 58,73 2023 103°¢ 0.372 8.92 1.53 1,88%P

*+  SEM 2.63 0,42  35.20 0.5 0,01 0.32 0.04 0.04

Means within a c¢elumn with similar letter superscripts er without superscripts are net

significantly different (P>»0.05).

*SEM = Standard errer of the Bmmuﬁw_
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Egg weight

Significant (P/0.05) differences eccured among the
treatment means fer egg weight. Birds fed diet 3, 5 and
7 produced eggs with significantly superier egg weights.
Birds fed diets 2, 3 and & were net significantly different
from each ether, and birds fed diet 2, 1, 4 and 6 did net
differ in this parameters. Further examination of the
results ef egg preductien and egg weight indicates
generally that birds with lewer preductien figures
preduced heavier eggs. Kuhl (1977) alse ebserved a
similar effect in his study. He Bpeculated that the
result of heavier egg weight was net a dietary functien
but a functien of egg number. Eggs Iin a clutch tend te
get smaller as the eggs are laid, Thus birds with lesser
number of eggs in the clutch will lay heavier eggs. The
effect of dletary treatments en egg welight may therefere
be an indirect one by way ef influencing the mechaniam
that ¢entrel the clutch in the hen, a

Centrary te the documented evidence that eystershell
impreved egg weight over limestone.(QuISenberry_gt_g;‘
1979) the diet centaining eystershell (diet 1) actually

produced the least egg weight,
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Feed intake : was alse 1nf1uanc§d by dietary treatments,

Birds fed diets 3 and 4 censumed the mest feed which
was significantly (P/0.05) greater than the ameunt ef
feed consumed by those birds fed other diets. Se
alse were these of birds fed diets 2, 6 and 7 and
these fed diets 1 and 7 respectively. Diet 5 resulted
in the least feed intake value., The limestone source
in diet 5 was highly pulverized and was very bulky.
Birds tended to select the larger feed particles
resulting in the physical separation ef the limestene
which usually settled at theé bettem of the feeders.
The same effect on other dietary treatments was net
very noticeable, Generally, the feed consumptien
values were lewer than these reperted on floer
experiments, This maybe due te the mere efficient

feed management system employed,

Feed efficiency

Feed per dezen eggs was net influenced by dietary
treatment, Hewever, diet 3 preduced numerically the
poorest feed cenversien ratie (2.12:1) while diet 2
produced the best conversien ratie (1.88:1), Oluyemi
and Reberts Y1988) gave the standard for tropical
countries as 1.,8:1. The trend in feed cenversion

ratie fellewed that of egg weight values. Birds that
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had higher rate of egg production tended to have
lower egg weights and birds that had higher egg
weight gave poorer feed utilizatien efficiency

per unit number of eggs. The apparent lack ef
treatment mean differences in this parameter is in
agreement with the experiments of Quisenberry and
walker (1970), Hurwitz et al, (1969), Olemu (1979)
and Nwazeta (1987) who alse reported feed conversien

ratios similar to those reperted in this study.

E shell thickness

All eggshell thickness values represent the
eggshell plus the shell membrane. There were ne
significant differences ameng treatment means,

Owing et al, (1977) reported the value of 0,325mm;
Jensen et al, (1963) gave a value of 0,325-0.372mm for
the turkey breed and Balleun and Miller (1964)

reported a value of 0,367-0,400mm for turkey breed also.
Brister et al, (1981) reperted a value @#-0.380mm fer
thickness, The eggshell thiekness:values ebtained in

this study are in good agreement with these authers.
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Shell percentage

The eggshell weight expressed as percentage of
total egg weight was not influended by dietary
treatments. This result agrees with that of Brister
et al, (1981) who tested different calcium source
and particle sizes and found ne significant differences
among the means. Reynnells (1979) worked orn calcium
requirements of pheasants and reported similar mear
values for this parameter. Shell quality is basically
governed by the amount of shell deposited per unit
surface area of the egg. Tayler (1961) concluded
that, it is difficult to obtain an accurate value for
mean shell thickness because of variations in shell
thickness ever different parts of the same shell.
Shell percentage is therefore a betFer measure of
shell quality than shell thickness *easurement since
it teek into account the weight of the whole shell
relative to the weight of the egg. Oystershell has
been shewn to produce eggs with superior shell quality
over limestone (Stuart and Hart 1938; Meyer et al, 1973).
This superior advantage of eoystershell was net evident
in this study. Hamilten et ale (1985) reported an
improvement in eggshell quality from beth limestone

and eoystershell of similar particle sizes. Peterson
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et al, (1960) could not demonstrate the effect of
physical form of calcium supplement on eggshell quality.

The eggshell contains calcium in the form ef
calcium carbonate where this cempeund constitutes 98
percent of the inerganic matter of the shell
(Simkiss 1967). Cemmon (1934) speculated that enly
half of tetal calcium needed for shell calcification
comes from dietary sources, the remaining amount of
calcium needed for this purpose is met through the
skeletal tissue., Comar and Diggers (1949) and Mueller
et _al, (1964) showed that even on a diet which were
adequate in calcium content 30 --40 percent of the
eggshell calcium was supplied by the skeleton.
Farmer et al. (1986) put the percentage calcium derived
from the bones for shell calcification at least at 15
percent., However, Hurwitz and Bar (1969) stated that
the functien of bone in supplying calcium in eggshell
has been considerably everestimated and that sufficient
amounts of calcium for shell foermatien could be supplied
by the intestine if the dietary smurce is net limiting.
The feed was formulated to conform with National
Research Ceuncil (NRC 1984) standards for calcium
and other nutrients. Mereover, when shell calcification
is not taking place, calcium absorbed from dietary source
is stored in the bone for future use. It can therefore

be said that all shell calcium is of the dietary erigin.
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Since the parameters on eggshell quality agree with the
values suggested as ildeal, and in view of the fact that
there were ne significant differences among treatment
means in beth parameters, the test caldium source are

fit fer inclusion inteppeuliry diets,

Body weight

The initial body welght of birds at the start of
the study did not show significant differences amomg
groups indicating the level ef uniformity ef the birds
at the start of the study. Hewever, after four menths
on the different dietary treatments birds responded te
dietary treatments. There were significant differences

Al

among treatment means.

Bone parasmeters v

.The mean values for bone length, bone weight, ash
weigﬁt, ash exprdssed as percentage of bone welight
(% ash), bone to body weight ratio, percent calcium in
the bone ash, and percent phesphorus in the bone ash are

presented in table 28,

Bone 1ength

Tibia length did not show significant variation

among the treatment means. NJoku (1980) ebserved
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Table 28 : %he effect of limestene seurces en tibia bene parameters ef layers

wwwﬁ wwﬂwwwoun w.umnwmumﬁs -M”w wt bmwuta Ash ¥ Ash Mﬂpn»ﬂl Ash urﬂwuroncu
. Centrel 10,64 14,04 6,40 44,83  36.38° 18.87
2 Ashaka 10.64 13.99  5.84 41,33  36,33° 18.52
3 Calabar 10.39 14,30 T.1h 50,32 38,53 18.87
4 Jakura 10.94 16.02 7.54 4647  36.62° 18.98
-5 Sekete 10.47 14,57  6.97  47.69  34.79° 17.55
6 Ukpila 10,32 14.71 TTT  51.46 um.»nn 17.55
7 Yandev 11.06 15,04 7.05  45.89 38,33 18.33
. SEM 0.33 0.28 0,32 0,42 0otk 0,56

Means within a celumn with similar letter superscripts er witheut superscripts are net

significantly different (P> 0.05)

*SEM

Standard errer ef the means,
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significant differences in tibia bene length ef
grewing turkey fed different calcium and phespherus
levels, Birds with lenger benes resulted in heavier
weight gains, Birds in this study were apparently

matured and their benes had stepped grewing.

Bene weight

Fat free tibia weight did net shew significant
differences between treatments. Generally, the benes
of layers centained less fat (ether extracts) than
the breiler breed. This may be as a result ef the
usually high energy centents ef breiler diets, The
bene weight ef pullets increases censiderably as the
pullet appreaches maturity as a result ef the fermatien
of the medullary bene which acceunts fer 30«40 percent
of calcium stered at this stage (Hurwitz 1973). The
apparent lack ef treatment effect en tibia bene weight
in this study in which the limestene seurces testec
acceunted fer abeut 8 percent ef the ratien and supplied
ever 90 percent ef the tetal calcium in the diet is a
testimeny te the suitability ef 'the seurces fer

inclusien inte peultry ratiens,

Asp weight
This parameter was alse net influenced by dietary
treatments, Hewever, diets 6, 4, 3 and 7 in that

erder preduced numerically higher ash weight values,
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while diet 2 preduced the least ash weight, Ash
weight represents a better measure of the mineral
status of bene than the fat free bene weight. 1In
these adult birds used in this study, the benes were
already fermed befere the experiment atarted and se
the final values ef ash and minersl centents weuld

be indliecaters ef the degree of depletien er repletien
of the benes due te egg preductien, The absence eof
glgnificant differences in tibia bene ash between the
limestene seurces and the centrel (eystershell) maybe
ab indicatisn that all the calcium seurces tested

. supplied similar quantities ef calcium for laying hen

metabelism,

Ash percent

Ash welight expressed as percentage of fat free
bone weight did net shew significant (F> 0.05)
differences between treatment means. Percent ash
values fellewed a similar trend like that ef ash
weight. Buckwerth and Hill (1953) stated that ash
percent and ash weight tegether are better criteria
fer assessing changes 1in mineral status ef adult
bene then either alene, Hinsken et al, (1970) feund
ne differences between means fer ash percent due te

t
dieatry calcium levels (0.9, 1.8, 2.5 and 3.7

‘ .
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percents). King (1978) werking with pheasants, alse

did net find differences in ash percent ef the femur

and tibia adult female pheasants fed diets with calcium
at 1.,4=3.,8 percents. The levels of calcium centent ef
this diet was 3.5 percent. Assuming that the seurces
tested did net supply all the 3.5 percent calcium
intended, there ceuld still be little difference in ash
percent between the treatment means as shewn abeve.
Bleem et al, (1941) peinted eut that when minerals are
lest frem skeleten, bene weight and ash weight sheuld be
reduced but net ash percentage. 8ince the parameters

of bene wieght, ash weight and ash percent respectively,
did net respend differently te the tested calcium seurces,
it can be said that all the seurces invelved in this

study are acceptatl fer peultry ratiens.

Ash ealcium

The percent calcium in bene ash regspended te
dietary treatments. Diets, 3, 6 and 7 preduced
significantly (R£0.05) higher percent calcium values.
Diets 1, 2 and 4 were net significantly (P> 0.05)
different frem each ether but were significantly

different frem ether treatments means, BDPiet 5 preduced
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the ieast percent ash celcium value, The mean values
altheugh, significantly different, generally agree
with the values reperted by Tayler et al, (1969)
and Field et al, (1974). The treatment respense
exhibited by birds in this study alse agrees with
the findings ¢f Reynnells (1979) whe fed pheasants
differeﬁt calcium levels but ebtained aimilar.

percent calcium values (36,3~38.5).

Eercent phespherus in the ash

There were ne apparent effect ef dietary treatment
en percent ash phespherus. The level eof phespherus in
- the bene ash agree with these reperted by Rennells
(1979) and Maynard and Leesli {1962},

Bloed parameters

The results ef the effect of different sources ef

calcium en plasma calcium and plasm alkaline phesphatasge

enzyme are given in table 29,

Pjasma calcium
Result indicate that there were ne treatment effect

en plasma calcium values, A careful examinatien eof the
data en preductien rate and plasma calcium values shews

that geme degree of relatienship existed between preductien
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Table 29 ¢ The effect of limestene seurces en bleed
parameter of layears,

giet Limestone ~ Plagme calcium Alkaline phesphatase
seurce mg/d1 1w/l

1 Centrel 29,53 k21,27

2 Ashaks 28,14 257« 97

3 Calabar 26.63 312,40

4 Jakura 27.94 325433

5 Sekets 25,73 402.33

6. Ukpila . 26.67 418,90

7' Yandev 27.07 357437

*  SEM 0.53  58.10

Means within a celumn are net significamtly different
(P> 0.05).

#SEM = Stardard errer ef the means.

)
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rate and this parameter., These diets that had the
greatest heneday preductien figures alse had higher
plasma calcium values, Thus diets 1, 2, 4, 7 and 6

which preduced mumerically the highest plasma calcium

values alse had greatest hen-day preductien figures.
Scett et al, (1971) reperted that plasma calcium ef
hens in lay which were fed adequate calcium diet

after 8 menths was 28,1 and 27.1 mg per 100ml at
4.00am and 4,00pm respectively en limestene diet,

and 32.9mg and 29.5mg per 100ml during the same peried
en eystershell diets. 1In this experiment bleed sample
cellectien was carried eut in the afterneen but befere
4,00pm. Hewever beth the plasma calcium values fer
limestene and eystershell (diet 1) diets agree with
the repert of Scett et al, (1971).

Plasma alkaline esphatase level

Alkaline phesphatase values did net shew any
significant variatiens ameng treatments. Gutewska
and asseciates (1943) speculated that plasma alkaline
phesphatase activity ef laying hens seemed te be
related te their preductivity but net clearly te their
eggshell strength. The mean values fer plasma alkaline

phesphatase repertdd herein de net fellew the abeve
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suggestien since diets 2, 4 and 7 that resulted in
numerically grester preaductiens shewed lewer values
fer the enzyme, It has heen peinted eut that at least
part ef the calcium required fer eggshel)l fermatien is
ef skeletal erigin (Cemmen 1934; Cemar and Briggers
1949; Mueller et sl, 1964 and Farmer et al, 19686),

hence the rise in plasma alkaline phesphatase level
during the peried ef lay. The apparent lack ef
treatment effect en this parasmeter is an indicatien that
all the calcium seurces respsnded in a similar manner

and therefere are goed sources,

Cesrrelatiens
' fﬂ;'correlation table fer the resultz ef the
layer study is given in table 30, Egg preductien and

egg weight resulted in an inverse relatienship. This
was ~expectsd since it has been shewn in this study and
that ef Kubhl (1977) that dietary treatments with
greater hen-day egg preductien had smaller egg welghts.

| Egg preductien was inversely related te shell
thickness (r = =0.417) altheugh this was net significant,
This was unexpected since it has been demenstrated that
the eggshell thickness 1s a functien ef eggsize (Nerth
1983; Oluyemi and Reberts 1988); but the preductien ef
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Table 30 : Cerrelatiens between seme parameters in the layer study

Bene Ash Shell Calcium Ash Egg

weight weight thickness intake calcium preductien
Bene weight - 0.847# - - - -
Egg weight B - - - - ~0.704
Shell % - - 0.622 0.536 - -
Shell thickness - - - - - -0,417
-Plasma Ca - - ~ - - 0.626
Alkaline phesphate - - - 0.579 0.804#% -
Ash Ca - - - 0.739 - -
Egg preductien - - «0,704 0.609 - -

++
Significant (P/0.05)
Tabulate value at P/0.05 = 0,754
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-

calcium by the shell gland fer eggshell fermatien

remains mere er less constant (Reland, 1980),

Eggahell percentage had a pesitive relatienship
with eggshell thickness.

Egg preductien had a pesitive and nen-signfficant
(P> 0.05) relatlenship with calcium inteke, This is
te be expected since calcium has a great influence
en egg preductien,

The relationship between calclum intake and egg

shell percentage were pesitive and nen significant,

_ Calcium intake was alse cerrelated pesitively
with percent calcium in the bone ash. This agreed
with the result ebtalned by Greeley (1962) whe
stated that direct relatienship existed between ash
centent ef the bene and the ameunt ef calcium in the
dlet,

*~ Plasma calcium was pesitively cerrelsted with egg
preductien, The cerrelatien was nst significant,
Plasma alkaline phesphatase was negatively and
significantly cerrelated with percent calcium in the
bene ash, negatively and nen significantly cerrelated
with calcium intake, -é
Bedy welght was poaitfvely and significantly

cerrelated with ash weight but net significantly in
the tase ef bene weight. fhe aignificant cerrelatien bvetween
bedy weight and ash weightfis in agreement with the findings

of Reland et al, (1974).
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EXPERIMENT 6. SOLUBILITY AND BIOAVAILABILITY STUDIES
OF LIMESTONE SOURCES,

INTRODUCTION

The avallability of calcium froem any calcium
soucre is dependent en the abserptien and retdntien
of this nutrient from such a source., Selubility plays
an impertant rele in abserptien since highly seluble
sources will pass rapidly threugh the gastre
intestinal tract, thereby allewing mineral time
fer eonfact with the hydrechleric acid (Hcl) ef the
G.I.T. which liberate calcium iens fer abserptien
(savage 1982),

Seurces which are less 3eluble will be retained
in the gizzard and preventriculus fer a lenger
peried of time, "metering” eut enly small quantities
of the less seluble source at a time te react with
the Hel of the G.I.T. resulting in the subsequent

release of calcium iens for absorptien,

With these assumptiens in mind, selubility and
bisavailability studies were carried out employing
the cglclum sources that were uaed in fermulating
the peultry diets in the previeus experiments to

further evaluate the limesteone sources.
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OBJECTIVES

Selpbility test: The beejctive of this study wazs te

fing eut which scurces of calcium used were mest

was|te find eut whether availabllities ef the calcium
sou*ces were indeed influenced by thelr selubility

rates.

MATFRIALS AND METHODS
Selubility test

Six limestone sources (procured from Ashaka
Calabar, Jakura, Sokete, Ukplla and Yandev),
eysEershell,bene meal and dicalcium phesphate were

tes

ted te find eut which source was most seluble using
12N hydrechleric acid as outline by Roland (1986).
One gram of each calcium source wasnweighed out and

placed in a clean 250ml beaker, 100ml ef 12N
hydrechleric acid solutien was added te each sample,
The calcium source and the Hcl selutien were allewed

te react fer exactly 30 minutes (Reland 1986, suggested
15 minutes time interval). After the time limit fer

reaction, the mixture was immediately filtered through
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a filter paper held by a plastic funnel in a 500ml
flaske. The soluble (fractiens were) filtered
completely by the centinueus flushing with deienized
water, while the insoluble fractiens remaining en

the filter paper were dried at 100.c for 30 minutes,
ceeled in a dessicater and weighed., The ameunt ef
soluble calcium source was determined and recerded.
The precedure was repeated using 0.5g ealcium

sources te react with 50ml ef 12N HCl selutien but
all the ether steps were as described abeve., The
last part was repetatien ef 2ll the precedure using
0.25g of each calcium source te react with 25ml1 12N
HC1l selution, The percent selubility ef each calcium

sources was calculated from the equatien:=

% selubility = ameunt ef Ca source selubilized x 100

eriginal wt Ce seurce 1

BIOAVAILABILITY EXPERIMENT:

Sixty hens in lay were heused in pairs in battery
cages, The same nine calcium seurces used in
experiment ene abeve were utilized and together with
a centrel which made the tenth treatment. Each
treatment was randemly assigned to three replicate cages.
All the birds were fed a calcium free diet (Kim et al.

1985, Myung et al, 1983) fer 48 heurs. At the end of
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this peried birds were ferce-fed a calculated ameunt
(3g) frem each calcium source and the source was
placed in the crop using a cepper pipe (25cm leng
and 1,25cm diameter). A plastic funnel the calcium
source was introduced inte the crep, The pipe was
kept from blecking by means eof a piece if wire leong
enough te reach the crop end ef the pipe frem the
funnel., This wire when fully pushed in was bent

at the distal end of the cepper pipe te prevent
injury te the creps. The calcium source particles
that may adhere to the inner sides of the pipe were
washed dewn with water and bird returned te the cage
to centinue on the calcium free diet, The tenth
greup was net ferce fed but centinued threugheut en
the calcium free diet. After ferce feeding, dreppings

were cellected en a elean sheet of pelythene. Feed

and.water were provided ad libitum during the study

peried, Twenty feur heurs after ferce feeding, all

faeces oen the pelythene sheets were cellected

separately accerding te their replicate greups in

pelythene bags and were marked clearly en the bag fer
further identificatiens. After all faeces were
cellected, they were taken immediately te the

©
laberatory and dried at 105 ¢ gvernight; ceeled
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in a dessicater and ground te pass threugh 1mm sjieve
and saved fer calcium determinagtien as described

previeusly in trial 1.

The data cellected was summarized and subjected

te the analysis of variance and where apprepriate,
significant treatment means were separated using the
Ducan®’s Multiple Range Test as outlined by Steel and
Terrie (1980).

RESULTS AND DISCUSSIONS

Selubility (in vitre) experiment.

Results indicate that highly significant
differences eccured between means (Table 31).
Dicalcium phesphate resulted in the highest solubility
rate which was highly significant (P£0.01). Bene meal
was significantly (P/0.01) lewer than dicalcium
phoéphats enly but significantly higher rate and this

than all the ether sources tested. The Ashaka source
was significantly higher in selubility than the
Calabar and Ukplla sources but was net different frea
the other limestone sources. The Calabar limestene
source was net significantly different (P2 0.05) frem
Jakura, Sekete, Yandev limestene sources and the

eystershell.

Il
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Table 31 : The degree of selubility ef different
calcium sources in 12N HCl.

Source % Solubility Dicalcium Phespate
= 100%

Ashaka 39.87 50.53
Calabar 57.53d 47.57
Jakura 38.13%¢ 48.33
Sekete 38.77°9 49,14
Upkila 35.50. 44,99
Yandev 38 .hOca 48 .67
Dicalcium PO 78490 100,00
Bene meal 43.98b 55.74
Oystershell _’:8.17(:“'1 55.74
SEm” 0.49 -

Means with different superscripts differ (P<0.01)

#SEM = Standard errer ef the means.
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Oystershell and bone meal seurces had larger
particles removed by sieving but it must be
emphasized that this represented the size that was
usually incerperated in the dietary treatments.
Savage (1982) advised that the sources to be tested
sheuld be measured on "as incerperated" basis since

regrinding te same particle size may present a false

picture ef the actual solubility as eccurs in mixed
ratiens., The percentages selubllity values forr
limestene seurces in this study de net agree with these
reperted by Raben and Reland (1985). This maybe due te
~ time facter employed in allewing the sources to react
with the hydrochleric acid. In this study, 30 minutes
reaction time was allewed while Rabon and Reland

(1985) allewed enly 15 minutes, It was however,
sbserved that the reaction was still progressing after
15 minutes. Moreever, Savage (1982) suggested that

the peried eof time feed {calcium source) stays in the

preventiculus and gizzard is extremely variable and can
range frem few minutes te about half an hour depending

en many factLrs. savage (1982) further stated that

the difference in solubility rate was & functien ef surface

area which 1s due apparently to both perosity and particle

size in the case of limestone sources.
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It is striking te ebserve that Ukpila limestene
source had the least selubility value. The physical
appearance ef this source alse showed that is was &
highly crystaline source of limestene and "as
incerperated®, it was apparently mere granular than
mest seurces tested. Oystershell has been shewn te
be retained in the gizzard fer a longer peried ef time
due te partieli size (Scett et al. 1971, Kim 1985).
This implies that, it is usually seluble than limestene.
Kuhl and Sullivan (1577) alse ceuld net demenstrate
any difference in selubility rates between limestone
and eystershell of similar particle sizes. The
Superjer selubility rate of dicalcium phesphate was
expected since this is a manufactured preduct with

specificatien standards. This is actually why it is

usually seledted as a yard stick fer measuring the
suifability ef ether preducts as source eof calcium

and phespherus,

When dicalcium phesphate was utilized as a standard
and its value was taken as hundred percent soluble, the
solubility values expressed relative to this standard
improeved but since they were calculated, these
values fellewed the same significant trend as these

expressed earlier.
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Bieavailability (in vive) study‘

The different calcium seurces (Table 32) shewed
highly significant variatiens between treatment means.
The Jakura limestone source had the highest
availability rate (92.8 percent) which was significantly
(P/0.01) different from these of Ashaka and Ukpila
limestene sources. It was alse significantly
(P/0.01) different from that ef dicalcium phesphate
which resulted in the least solubility value. The
Jakura source was heowever, net significantly different
(P>0.01) frem the Yandev, Calabar and Sekete limestene
sources. Values for the centrel group were net shown in
the tables since these birds were net ferce-fed any
calcium source but were utilized to estimate the ameunt
of calcium veided in the faeces of the calcium deprived
birds te permit the estimatiens fer calcium availability
from the calcium sources fed in the other treatments.

The results ebtained in this study with respect te
the avallability of calcium frem eystershell and limestene
sources agree with the repert of Waldroup et al, (1964)
altheugh these authors empleyed different criteria fer

evaluatien, The values for the limestenes are alse in

generall agreement with those reperted by Reid and Wiber
(1976) whe used a similar breed ef peultry and empleyed
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a similar methedoleogy fer evaluatien ef the availability

ef the limestone sources. The value oebtained frem this
study fer dicalcium phesphate is in goed agreement with
that ef Kim et al, (1985) whe used Japanese quails as
experimental animals. Hewever, the values fer
limestene and eystershell reperted by Kim et al.

(1985) were lew cempared te the values ebtained in this
experiment. This difference may be due te particle
size of beth limestone and eystershell (which was not
indicated in their study) used and/er time ef calcium
starvatien employed by them. Kim et al, (1985) starved
the birds of calcium for enly twenty four hours while
birds in this study were starved of calcium fer forty
eight hours to presumbly get them inte negative calcium
balance so that the calcium from the limestene sources
can actually be extracted by the deficient birds.

Scett et al, (1971) and Kim (1971) suggested that the
usually larger particles of oystershell due te crushing
resulted in its being retained in the gizzard for & longer

peried of time and "metering" eut enly a gradual ameunt
of calcium at a time for absorption as eppesed to the usually

pulverized limestone which passes faster through the gut,

The eystershell and bone meal were sieved to removed large
particles and this may have centribured te the differences
between the results of this experiment and that reperted
by Kim et al, (1985).
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Dicalcium phesphate was highly soluble in the
solubility experiment (;g vitro} and was expected te
behave in like menner in the in vive experiment.
Despite the fact that the value ebtained in the in
vive experiment is in agreement with that of Kim et al,
(1385), 1t had the lowest numiercal value and was
significantly (P/0.01) different frem ether limestone
sources while in the experiment of Kim et al, (1985)

dicalcium phesphate was significantly superier to the
limestoie and oystershell seurces. This differences
may be explalined in terms of the high sgelubllity rate
of dicaleium phosphate which may have passed rapidly
through the gut as cempared to the less scludble
limestone and eystershell sources which allewed mere
caontact with the HCl in the preverticulus and gizzard
thus releasing mere calcium ions for abserptien,

Savage (1982) stated that ence a calcium source enters
the dusdenal loop, the pH is theereticelly tee high fer

calcium release and the calcium from that socurce becemes

unavallable, Since dicalclum phosphate presumbly has

productien standards, it is net suprising that the
dicalcium phesphate in this experiment and that ef Kim
et al, (1985) responded in a similar manner even theugh
the time eof calclum starvatien in the two experiment was

dlfferent. It was observed that the faeces of hens fed
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Table 32 : The availability of calcium from

different caleium sources.

Seurce % Availability
Ashaka 87,09
Calabar 88.68bcd
J akura 92.8"
Sekete 90.0%%¢
Ukpila g7.3°¢%d
Yandev 90,0%%¢
Oystershell 92.6%P
Bone meal 89.6abc
Dicalcium PO, au.sd
SEM" 1.05

Means with a column with different superscripts differ
(P/0.01).

»*
SEM = Standard error of the means,
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this calcium source sppeared actually whitish and
mere leoese te the touch than those from other
calciym sources.

The main trust of this study is the evaluatien of
the limestene sources as calcium source fer layers.
The results ebtained from beth the selbulity and

availability experiments shewed significant variastiens

between treatment means., Hewever, all the values
fall within values recegnised as adequate by ether

authers,

CONCLUSIONS

The result of the solubllity study indicated that,

as incerperated in the diets, seme limestone sources

were mere seluble than others. Savage (1982) peinted

out that the selubility of limestone sources is a function
of particle size and poresity, and that the less soluble
the seurce, the more it is retained in the gizzard and
preventiculus, thereby allewing mere time fer hydrechloric
acid reactions with the source fer the release fof calcium
ions for abserptien. Thus it follews that the meore
soluble the source(s) the less available they appear to

be. This fact is reflected in the availability study where
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the dicalcium phesphate used as a standard in the
solubility study, fer its high selubility rate became

less avallable in the availability study.

While the result of the statistical analysis en
availability indicated that the Jakura gource enly
was significantly (P/0.01) mere available than the
Ashaka and Ukpila limestone sources, the results of
the preductien parameter of the layer study did net shew
such significant variatiens. It is therefere concluded
thzt all the limestone sources tested are goed and

can be recommended for use in their various lecalities

in layer rations.
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Appendix 1 ¢ Analysis ef variance ef L4eweek bedy weight
 gain of breiler chickens (Trial 1).

Seurce ef Degree Sum ef squares Mean squares F Preba-

variatien of value bility
freedem

Treatment 6 6166,810 103,435 1.935 0,09

Interactien . 18 7086,524 393,696 04733 0,76

Errer . .56 29834 ,00 5324750 - -

Tetal ~ 83 381573681 -

Peried emitted eut = 4 e« « Peried D,F, = 3 .

Appendix 2 ¢ Analysis ef veriance ef 8 week bedy welght ef
‘- breiler chickens (Trisl 2).

Seurce af Degree Sum of squares Mean squares ¥ Preba-
variatien af value bility
freedem
Treatment 6 23628,540 %938.09 1.692 0,15
Interaction 12 19008,508 1584 ,04 0.631 0,76
Errer k2 977564667 2327 ,54 é -
Tetal it 62 2950927 ,429 -
ST

Peried = 3 emitted . . Peried D,F. = 2

i
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Appendix 3 : Analysis ef variance ef & week bedy weight gain
| of breiler chicken (Trial 3)?

E;g?gzizg Deggee Sum ef squares Mean squares P lue gii?%;
freeden

Treatment 6 4749.373 791.862 © - 2.494 Q.033*

Interactien 18 7045 4393 3914411 : 1.23 0,27

Errer 56 17776.400 317.436 - -

Tetal . 245847 ,104 -

a = Perieds = % net included

* = gignificant P/0.05

Appendix & : Analysis ef variarce e¢f 8 week bedy weight gain

of breiler chicken (Trial 4) ;
F T ~Prebaw

gzggg%igg Bef§ee Sum ef squares Mean sgquares F e bility
freedenm

Treatment 1) . 2742319 45 .72 0,229 0,96

Interactien 12 20014102 166,759 0.836 0;61

Errer 52 8374.907 199,403 ' - -

Tetal 63 19355.403 -

#Peried = 3 but net included in the ANOVA
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Appendix 5 3 Analysis ef variance ef ash weight ef breiler
ehickens 4 week old (Trial 1)

Seurce eof Pegree Sum ef Mean F

variatien of squares  gguares values Prebability
freedem

Treatment 6 0.663 0.114 3.773 0,019%=

Errer 14 0.422 0.0%0 - -

Tetal 20 1104 -

##significant P£0.01

Sppendix 6 : Analysis ef variance ef ash weight ef breiler
chickens 8 week eold (Trial 2).

Seurce of Pegree Sum ef Mean F

variatien of squares squares values Prebability
freedem

Treatment 6 2.263 0.377 1.174 0.37

Errer 14 4,500 0.321 - -

Tetal 20 6,763 -
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Appendix 7

Analysis ef variance of ash weight ef breiler

ehickens 4 week eold (Trial 3)

Seurce ef Degree Sum ef
variatien of squarcs
freedem
Treatment 6 0.522
Errer 14 1331
Tetal 20 1,854

Appendix 8

F
Egggres values Prebability
0.087 C.316 0,51
0.095 - ‘-

Analysis ef variance ef ash weight ef breiler

chicken 8 week old (Trial 4).

Seurce eof Begree Sum ef
varigtien of squares
freedem
Treatment 6 2,097
Errer 114 24167
Tetal 20 5« 254

#Significent P/0.05.

Megn 4

squares values Prebability
0.516 34355  0,029%
00155 - -
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Appendix 9 3 Analysis ef variance eof selubility study

(Trial 6)
Seurce eof Pegree  Sum ef Mean F
variatien of aquares squares value Prebability
freedem
0.01+#
Treatment 8 L413,67 551,708 773437
Replicatiens 2 1.18359 0.591797 0.829
Errer 16 11,414 0.T43
Tetal 26 Ls26,27

#Significant (PLD.01)

Appendix 10 3 Analysis ef variance eof the Hen day Preductien

(Trial 5)

Seurce of Degree  Sum ef Mean F Prebability
variatien* of squares i value

freedem
Treatment 6 454 ,895 75.816 0.912 0,49
Perieds 3 329,928 109,976 0.322 0.28
Interactien 18 427,786 23,786 00285 0,99
Errer 56 u657.536 83,170 - -

Tetal 83 5869,611
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Appendix 13 ¢ Mineral cempesitien ef the Limestene samples

Limestene Ca Mg Fe on Zn Cu
seurce % % Mg/kg wMg/xg Mglkg Mg/kg

Ashaka 38454 0,30 1508 557.1 7Trace Trace
Calabar 37,80 0.71 761.,7 703.,5 Trace Trace
Jakura 39,50 0,16 2583 354,353 28.1 Trace
Sekete 38.15 0.50 254,9 Trace Trace Trace
Ukpila 38.80 0,25 2324 400.9 18,2 Trace
Yandev 38,46 0.44  338,5 Trace Th.3 Trace
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APPENDIX 14
Fat Extractien using Conventienal and nen

conventienal methods.

Introductien

In Nigeria teday, as a result of difficulties
encountered 1in the precurement of (necessary and
conventional) equipments fer some laberatery analysis,
and even where available, many of these equipments are
net flexible eneugh to permit the use of moediflied
methods that may be required in certain situatiens,
The case in point iz that of fat extraction of bones
for mineral studies., The fat extractien eof cempeunded
feed or feedstuffs is well knewn and peses ne great
preblem. Hewever, fat extractien of bones which can
net be carried out using the conventional methods
poses a great preblem in mineral studies. While at
extraction of bones has been carrled out successfully
in developed countries using such medified egquipment
as side chambers (Njoku, 1980), the availability ef
such an equipment in this country 1s very limited.

It i1s thus necessary to attempt te develep a cheap
and practical method that will permit the conduct of
mineral studies in animals tc keep pacte with other

areas of animal research pregrammes,.
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Materials and Methods

Nine spent layers were utiiized in a paired

experiment to test if any differenceexisted between

two metheds of fat extractien. Birds were sacrificed by

severing the head and tibia benes excised for the study,
The pair eof tibia bones frem each chicken were tied
together during the course of the study te avoid
identification difficulties. Bones were immersed in
Simmering water in which twe percent sodium hydrexide
solution was added (Ansa 1986) to emable easy removal
of flesh from the bones. Flesh as remeved by screpping
with a scapel blade and the clean hones were dried in
the even at 110°C overnight, ceocled in a dessicator the
follewing merning and individual bene weight taken,
Individual benes from each chicken were crusheg in a
mortar with pestle, One bone from each pailr was assigned

to one of the two methods of fat extractien in questien,

These methods were either Sexhlet methed or immersien of
the crushed bone in ether contained in a 250ml flask

that was segled to prevent sscape of ether and the process
allewed to stand for 72 hours with eccasienal shaking of
the bettle, At end of this peried (72 hours), the content
of the flask was filtered through a previeusly weighed
filter paper and allewed to dry in open air and weighed.
The extraction processes was repeated for each pair ef
hones. The results ebtained were summarized and analysed

statistically as outlined by Steel and Terrie (1980),
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Results and Discussiens

The average difference between the twe metheds of
fat extractien used was 0.08 + 0.13 grams. The
ebserved mean difference was net significant at
five percent level of prebability. The average value
of fat fraction for the immersien and Sexhlet metheds
were 0.88 ¢ 0.09 and 0.96 # 0.11 grams respectively.
It is therefore evident that the fat extractien by

Sexhlet methed was numerically superier te that of

the immersien methed. Where ashing of the bone is
required it may be advisable te use the immersien

methed where an entire bone can be used,

Conclusien
This experiment demonstrates that either methods
of fat extractien can be employed successfully in

mineral studies with bones. The use of the immersien
methed 1s recemmended ever the Sexhlet method when

dealing with large benes.



