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Abstract

Calcium (Cay wvatlability from limestone (procuevd from different cement factories) was assessed
thromgh bone and blood statuy of chickens wving the completely randomized design Five hundred

and twenny five (5231 siraighit run broiler chicks that were 28 davs of age (trial §), fow hundred ond
rweny (4200 bvwiler finishers that were 56 days of age (ol 75 and 210 lavers that had been laying
for six months (rial 3) were wsed in the study.  Six limextone dictary treaments and a control
accowmed for the seven diets that were assessed  Twehve hirds per treatment and 4 per replicare
that houd their weights close to the mean of the pen were selecied tn the brodler trials fivials | and 2)
and three hards prer pen and nine per dict were selected i the layer rrial (trial 3) for bane amd Blood
samples analysis. Bome xamples were analysed for hone weight, bone length, ash weigh, pescentage
ash. (o and phasphorux contents of ash and Nood samples were analyzed for playma Ca and
wlkaline phasphatase activily. Reswles showed similar influence of sowrces on bowe weight hone
fength, ash weight and percentage ash. Ca and P consents of axh were significantly (P« (13

affected By limestone somoes but gemerally; limestons seameme sradsisssd s sy dbose sn o
il Fei cr BANT 1ilaate th ¢ conmtrend e 1oy i starter piase deriad 1. I i finisder pnase: 1ieiad 3,
oy Ca contem of ashy varied significently where Jukira sowrce prestuced the least mewr valse,
The layer troal fieted 37 wlso produced mean values that were significom (P<0.05) for Ca comtent of
wsh with the Sokars source producing the leart mean valwe. Plasna Ca and alkaline phao ase
enzyme aotiviy attwimed preilished valwes for chickens 1 was concluded hased on the mﬁw«m
from this slwcf_r that the Ca from tested limestone sources was generally avatloble for chicken

production, e
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Introduction remaining < 1% is widely distributed througoul

' ; iss ith relatively large
> by the chicken ingreater  the organs and tissues 3n’ ‘
f,:l::: :;: ::; :‘;:::;;, .,:i;,.h, (~,::w¢u amownts found in blood, Sim%kis( l9§7) reparted
(1982} suggested that approximately 9% of Ca  that the blood celis are almpst devoid of Ca but
is located in the skeleton wheree it complexes with e scrum and plasma contain °-l2m3{d: in most
phosphates 1o give rigidity 10 bones. The  Species when not i reproductive activity. Th:s
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skeletal sysiem is preferentially sacrificed to

maintain serum calcium level vital to the life of .

the animal and the effect of Ca deficiency or
- imbalance may first be shown as skeletal
Peo (1976), suggested that ash
weight and ash % together are better criteria for

aberrations.

assessing bone mineral changes than either alone.
Hurwitz (1973) reported that plasma calcium
increase from around 10mg percent (typical of
non laying hens) to over 20mg percent (typical
of laying hens). Scott ef a/ (1971) and Kin (1971)
reported that oystershell increased blood plasma
Ca level over that of limestone.

Alkaline phosphate (orthophosphoric —
momonester — phosphorylase) enzyme activity
of plasma increases during growth and at the
onset of lay when there is greater demand for Ca
for bone calcification and shell formation in the
laying hens. Garlich er af {1984) reported that
alkaline phosphatase level in serum of laying
hens was higher than that of cocks, and was lower
in adult hen than young chickens. Reichman and
Connor (1977) reported that, as the level of
dietary Ca increased, plasma Ca also increased
significantly in laying hens with the resultant
decrease in alkaline phosphatase level. They
concluded that phosphatase tevel was a suitable
indicator for Ca status of the animal. The
objective of the study was to use the bone and
‘blood Ca status of chickens in assessing the
availability of Ca from the various limestone
- sources acquired for poultry rations.

Materials and Methods
Five hundred and twenty five (525) straight run

Anak — 180 day old brailer chicks were procured -

and assigned at random to 21 homogenous pens
each of which measured 3.05 x 1.25m? Anopen
sided poultry house was used and the sides were
covered with polythene sheets to conserve heat
during brooding. Experimental diets were
formulated to be essentially iso-nitrogenous and
iso-caloric and only the six limestone sources
and the control diet accounted for the different
dietary treatments. Diets were assigned at
random to homogenous pens such that each diet
had three replicate pens and each pen had 25
chicks. Kerosine stoves and lamps provided heat
and light respectively. At the end of the 28 day
brooding period, 4 chicks per pen (12 per diet)
which had their mean weight values close to the
pen average weight were selected for bone and
blood sample collection. In the finisher phase,
the coyered sides of the poultry house were
opehecj for cross-ventilation. 420, Anak - 180
chicks were used. Diets were formulated in a
similar manner as in the starter phase except that
the protein level was lowered and energy level
slightly increased, but the limestone source
inclusion rate was maintained. When broiler

chickens were 56 days of age, the feeding

experiment was terminated and 4 chickens pér
pen (12 per diet) which had their weights close

to the pen average were selected for bone and

blood sample collection. In the layer study, 210
layers that were 6 months in lay were used. 3
birds per pen (9 per diet) were selected for bone
and blood sample collection.

Feed Preparations
The hmestone sources used were chemically
analysed for their Ca content. The analysed
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samples showed that the sources contained high
levels of Ca. This is believed to be as a result of
the request of the Researcher who requested for
sections of the deposits that were high in calcium
carbonate (CaCa)) for this study. The analysed
samples showed the following results. Ashaka
= 37.6% Ca: Calabar - 38.8% Ca; Jakura =
39.5% Ca. Sokoto 38.21%Ca; Ukpila = 38.8%
Ca; Yandev = 38.5% Ca. lowa Limestone
. Company (1974), and Spesleed (2000) adviced
that limestone containing 38% Ca (95% Calcium
carbonate) is morc useful for livestock rations
than the limestone comaining lower Ca contenst
(36%Ca; 34% Ca, 32% Ca). Bone meal is
conventionally used in poultry diets as a source
of phosphorus (P), so it was utilized in the control
diets where it supplied both P and Ca. Dicalciom
phosphate was used as a P source in the tested

Table ) The compusition of 1he Brailer starter diets

—————————————————

diets. To incorporate more tested material in the
feed, the ratio of Ca: P (1.5:1) was widened
beyond recommended ratio, (1.9:1). By this
arrangement, Ca contributed by the tested diuets
fumished about 1.25 times more Ca than that
from the basal ingredients and was believed to
fully elicit the effect of Ca on the bone and bloed
parameters. It was easier to incorporate more
test materials in the laver diets where a wider
Ca: P ratio (3.5:1) is well tolerated. The
compositions of the experimental diets are
presented intables 1, 2, 3. In all trials, feed and
water were provided ad libimm.

Bone and Blood Sample Collections

Test tbes large enough 1o accommodate 10mls
of blood were marked against each dietary
trement. Few drops (4-5) of anticoagulant

Limcsom sowces
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Table 2: T he compasithon of bradler findsher diets

Limestone sources
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heparin) were put in each tube. Fach bird was
ded by severing the beachial vein and blood
Zushing out was received in each of the marked
‘wbes until each tube was two third (2/3) full,
Fach tube was sealed with celophone paper and
*oched gently 1o mix the blood and the
imticoasgulant and the tbe was immediately
mmersed in ice block., Samples were
<entrifuged within one hour of collection at 750G
737 5 minutes (Njoku 1980), and blood plasma
STTOp was aspirated into a sierile plastic tube
. ke aid of a plastic syringe and all plasma
< mainers were stored in a freezer for analysis.

~ 9mg. B6 <00 mg. B;s = 0.03mg, Necotnic acsd = Somg:
e chlorids < 40 02mg: Mangascss — Mmg; Fo = 100my.

After blood sample collection, birds were finally
sacrificed and tibia exciscd. Bones were soaked
in warm water containing a few drops of 2%
sodium hydroxide (NaOH) and allowed to
simmer. This facilitated easy removal of residual
flesh from bones. Bones were dried at 105°C
overnight in an oven, cooled in a dessicator and
weighed. Whole tibia was defitted by soaking
in diethyl ether contained in flat bottomed flask
large enough to accommodate the whole tibia.
The Mlask was sealed with re-enforced polythene
sheet and kept tight by means of elastic rubber
band. The cther was changed each time the
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colour was observed to change from clear liquid
to varying degrees of yellow until eventually
there was apparently no colour change even after
12 hours of soaking  The whole process took
shout 72 hours. Bones were then air dried,
weighed and ashed at 600°C for 24 hours in a
muffle furnace, cooled in a dessicator and
weighed. The ash was saved for determination
of Ca and P contents.

Blood Plasma and Bone Ash Analysis

Blood plasma was analyzed for alkaline
phosphatase enzyme by the colorimetric method
(King and King 1954), using 0.01M disodium

phosphate substrate in a solution of sodium
carbonate and sodium bicarbonate buffer and the
activity was read with the aid of colorimeter
model 252. Plasma Ca was analyzed as outlined
by Baginski ef af (1973) with the 2id of a
specirophotometer model PYE UNICAN SP6-
300. The Ca content of ash was determined by
stomic absorption spectrophometer model 2908,
following wet digestion using nitric acid,
perchloric acid and sulphuric acid (Perkin-
Elmercorp, 1968). The excess solution from the
Ca determination was used in detcrmination of

P content of bone ash using the Vanadomolybdare
(yellow flame) method as outlined by Hesse
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(1971), Data coliccted from the trials were
wbjccted 1o analysis of variance using the
compictely randomized design, and identified
igifieant lrestment means were separated using
Pancan’s New Multiple Range Tost as outlined
fy Steclumd Torrie (1980) for both procedures

Results and Discussions
Bone development as measured by length and
welght of fat free tibia were not significantly
140.05) different in each phase of broiler
srowth (Tables 4 and 5). Bone mineral status as
neasured by ash weight and percent ush were
also similar in each phase of growth, Ca stutus
of bone varicd signillcantly (P<0.05) at the two
phase of the study. However, in each phase, the
tesied sources were equal o, or better than the
control. Bone lengths responded in a similar
manner in each phase of broller growth, This is
an indication of uniformity of growth of birds
from different dietary treatments. Njoku ( 1980),

Smith and Kabaija (1985) worked with different
Ca sources and levels but reported lack of
significunt differences in longitudinal tibia
growth. Bones were defatted afler careful
removal of (lesh and appendages that were mot
bone (tendons and ligaments) thus the remaining
bone was believed to be composed of mineral
matter largely. Therefore, the lack of significum
differences smong the tested sources and 1be
control was an indication of good bone
mineralization. Ash weight and percent ash also
showed lack of significan differences (P -0.0%)
among the sources tested and the control.
indicating good mineralizalion. The percentage
Ca composition of the 1ested sources was
Increased in the diets while that of P was 1 ced
to create a wider Ca: P ratio (1.9:1). The 1 sted
sources then contributed 1.2 times as much Ca
as the basal ingredients. | ik of significam
difference in ash weight and percent ash is an
indication that similar amoui of Ca from the

Tatde & lb(ﬁtllffalwrmmw.lndmwmtldﬁ‘ddﬂ

e Ay Rie whw oA AL Pt P
o lrplry Wig Ly $ % exar
=
e
oy ond) a7 am (4] ol o ot 1850
(>, ¥ i Oa 1% L LN il i)
e 4 At 1% w2 o el e
- dur nst I» e N bl L)
oo “n ofh b5 ) ne A 1“4 Sy
vy Sw o 1 nx WA (g et
S run I’ néd b} e (TR " it
A A xR s pL ) o 0™ .
Py v vt )

AR = a0 I3 R o W R e 1 ey Gt (111

1= Sl Limr ot Men



Tien and Njoku

Tabde St The effect of Rrestone sources on 0bis states of brother chickess (% dy of agr)
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tested sources was available for bone
mincralization. Tion ef o/ (2005) reported that
the tested limestone sources have high
bioavailability, Cromwell (1982) repocied that
99%% Ca is stored in bone. Peo (1976) pointed
out that ash weight of bones was a better measure
of assessing mincral content of bones but
conchuded that, ash weight and percentage ash
shouk! be taken together in assessing mincral
status of adult bone. The pereentage Ca content
of tibia ash varicd significantly among sources
and the control in all phases including the layer
sindy. However, the tested sources were largely
equal to, or better than the control dict. Mcan
values for the broiler study were similar to the
vitlues reported by Hulan e of (1985), while the
values for layers were similar to those reported
by Reynells (1979). In broiler study, the
percentage Ca content of ash for the Jakurs
source was signilicantly (P<0.05) low among the
diets in both phase of the study. This may be an
indication of the lower availability of the source

(marble), Cromwell (1982) reported that marble
had lower availability value for pigs among the
supplemental Ca source tested. In the layer
study, pechaps, due to longer retention time in
the gizzard and the gradual metering out of Ca
from source, Jakura source was similar to other
diets. The Sokoto source was the least available
as measured by percentage Ca in the bone ash of
the layer study.  This could be explained in the
light of its very powdery foem which caused rapid
passage of feed through the gastrointestinal tract
and allowed minimal time for reaction with the
hydrochioric acid (HCI) in the gastrointestinal
tract for the release of Ca wons for absorption
and retention in the bone (Savage, 1982). The
percentage P in tibia ash was significantly
(P<0.05) different among the various diets in the
starter phase of the study only, where Jakura and
Sokoto sources produced significantly (P<0.05)
lower values. The ratio of Ca: P in the bone
(2:1) as reported by Preston er af (1977) was
essentially attained in this study. P was not one
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Table 6 The effect of limestone somrees un tibia status of kavers.
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of the mincrals tested in this study but was
determined because of its close association with
Ca in bone tissue.

The plasma Ca in the two phases of broiler
growth, and laying hens { Tables 7 and 8) did not
result in significant differences (P>0.05) among
the sources tested. Valugs reported in this study
are i agrecment with values reported by Simkis
(1967) and Hurwitz (1973) who reported 20mg
percent for laying hens, Scott er af (1971),
reporied that plasma Ca of laying hens varied
from 27 ~ 28img/100ml for limestone diets, and
that oystershell produced higher plasma Ca
values (29.5 - 32.9mg/100ml). Values reported
i this study are similar 1o those of Scott ¢r af
(1971), where oystersheli plasma Ca values were
slightly higher. Bone calcification process as
measured by the level of plasms alkalie
phosphatase activity was high « bothi phases of
broiler growth. The starter phase did not result
in significant (P-0.05) differences among the
varous diets but the finisher phase witnessed
significant (P<0,05} vanation caused by Calabar

and the Jakura sources. The enzyme activity in
laying hens also did not show significant
{P>0.05) variation among the diets, Apparently,
the enzyme activity in the starter phase was
higher than the finisher phase and was higher in
broilers than in laying hens. This is in agreement
with, Garlich er a/ (1984) who reported that
alkaline phosphatase activity was higher in young
chickens than adult, Paul and Snetsinger (1969),
Reichman and Connor (1977) reported that as
the level of dietary Ca increased, plasma Ca also
increased significantly in laying hens with the
resultant decrease in alkaline phoisphtase activity
and concluded that alkaline phosphatase was a
suitable indicator of Ca status of blood in
animals. Roland and Harms (1973) suggested
that when dietary Ca is adeguate for laying hens,
minimal bone resorplion rake place to meet the
demand for shell culeilication. This may be due
n part to, why the alkaline phosphate activity of
blood plasma of Invers was low. In this study,
Ca supplied by the hasal ingredient accounted
for only 15% of the required Ca (3.5%) in layer
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diet. Absence of significant alkaline phosphatase
enzyme activity was an indication of good
availability of Ca from the sources for shell
formation especially when bone and plasima Ca
levels attained reported values,

Conclusion
There is indication from the study that Ca from
all the tested limestone sources (save for the
Jakara source that appeared 10 be less available
for broiler diets) could be used in broiler diets
profitability. The Ca from all the tested limestone
sources (save for Sokoto source that appered to
be less available for layer diets) could be used
in laying hen diets profitability

The poultry (chicken) tissues of bone and
blood connective tissues can be effectively used
in assessing mineral (Ca) availability from Ca
sources (limestone) in agreement with Garlich
€1 wi (1984), Reichman and Connor (1977),
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