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Abstract

Six limestone sources, oystershell, bone meal and dicalcium phosphate were tested for solu~.. ~

and bioavailability in vitro and in vivo. In the in vitro solubility, 1, 0.5 and 0.25 gram of each s-u—z
was reacted with 100, 50, 25mls of 12N HCI respectively for 30 minutes. The in vivo bioavar z-.. ~
utilized fasted laying chickens, which were Jorce fed 3.0 calcium from each source. Faecal coilsm—m
lasted for 48 hours. Calcium was determined by atomic absorption spectrophotometer. Resuir o
vitro solubility test indicated high solubility rare Jor dicalcium phosphate (78.9%). Other ssu =
produced low solubility values below 40% except for bone meal. Limestone sources were sim: = - -
ovstershell. The in vivo hioavailability values of local sources (limestone, oystershell and *-me
meal) were significantly (P < 0.05) higher (87% - 92%) than the imported dicalcium phosranzs
(84.0%). Low solubility of local sources resulted in longer retention time in the GIT, which -zur =
the “metering out” effect that produced high bioavailability mean values observed in this T,

Oystershell is universally accepted as a good calcium source for layers. The tested limestone sgme. 2

were similar to oystershell. It was concluded that any of the sources tested can be used in arzzs ¥

close proximity without fear of adverse cffect.
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Introduction

The solubility rate of a calcium source is an
important factor in determining the availability
of calcium from the source. Since the “metering
out” hypothesis of Scott ¢t al (1971) and Kim,
(1971) which attempted to explain why calcium
from oystershell improved eggshel} quality over
that of limestone, other experiments have been
conducted which indicated that the difference in
the solubility rate of oystershell and limestone
was due to particle size of source and not source
per se, (Meyer et gl, 1973, and Roland, ef al,
1972). Savage (1982) indicated that the pH of
the solution in which solubility is determined is

an important factor apart from particle sizes -~

sources may be of small particle sizes (pul»z—==:
form) and will have minimal time to reac: w—
the HCl of the gastric juice to cause the == - —
ion relcase for absorption in the small ir:zc - :
Kuhl and Sullivan (1977) compared the :- _- -
rate of large particle size oystersm:z. .- -
limestone both in vitro and invivo. The: -=- -~
similar in vitro solubility values -:-
oystershell and limestone, but in v -2 --
time significantly favoured limestons
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Studies have been conducted to evaluate calcium
availability from different calcium sources
through bioavailability trial. The meal feeding
method has been utilized by many investigators
who have reported promising results. Force-
feeding of poultry is another method that is said
to increase precision. Kim ez af 1985)" force-fed
Japanese quails to compare True available
calcium with apparent available calcium, using
six calcium suppiements. They reported that Truc
available calcium values were slightly higher than
the apparent available calcium. Particle sizes of
calcium source have been reported (Lindsay,
1982) to have an effect on calcium availability
especially for laying hens. Kim ef o/ (1985)" in
another trial, studied the level and method of
calcium inputs, age and particle size on Truc
available calcium value in breeding Japanese
quails. They reported that the True available
calcium values of limestone and oystershell were
highest (74.67%) on large particle size (40 — §0)
mesh and lowest (68.2% - 61.01%) for small
particle size (10 30) mesh.

There is little information in the literature on the
solubility and availability for poultry of calcium
from limestonc deposits that occur in different
parts of Nigeria and other sources (already tested

in temperate climate} which availability may be

influenced by hot tropical cnvironment. The
objective of this study was to assess the limestone
sotubility and availability of calcium from the
different calcium sources for laying chickens.

Materials and Methods

Solubility Test:

Six limestone deposits {obtained from cement
factories of Ashaka (A), Calabar (B), Jakura (C),
Sokoto (D), Ukpila (E) and Yandev (F)}.and
oystershell, bene meal and dicalcium phosphate,
all in pulverized forms, were tested for their
solubility rates using the modified method of

Roland and Rabon (1985). One gram of each
calcium source was placed in a clean 250ml
beaker. 100ml, 12N HCI was added to each
sample. The mixture was allowed to react for
exactly 30 minutes. (Roland and Rabon 1985,
allowcd the mixture to rcact for cxactly 15
minutes). The extension of time was due to the
fact that, at the end of 15 minutes time interval,
the reaction was slill progressing actively. After
30 minutes, the mixture was immediatcly passed
through a previously weighed filter paper held
over a plastic tunnel in a 500m! flask. The soluble
fraction was filtered complctcly by the
continuous flushing with deionized water. The
insoluble fraction remaining on the filter paper
was dried at 100°C for 30 minutes, cooled in a
desiceator and weighed. The amount of source
solubilized was determined by the difference and
recorded. The same procedure was repeated -
using 0.5 gram of each source to react with 50mi,
12N HCI and again 0.25 gram of each source
was made to react with 25ml, 12N HCI. The
percentage solubility of cach source was
calculated from the equation:-

Weight of source solubilized 100
% Solubility — x 1
Weight of source

Bioavailability Test:

Sixty bens already in lay were assigned at random
to nine calcium sources and a “calcium deficient”
diet accounted for the tenth treatment. The
calctum deficient dict was formulated to be
adequate in all necessary nutrients for layers
except calcium. Birds were paired at random in
battery cages such that each source had three
replicates of two birds per replicate. The layer
ration previously fed was replaced with that of
calcium deficient dict and was fed for 48 hours.
The period was to get the hens into negative
calcium balance such that they will utilize
maximally the calcium from the sources. Kim et
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al (1985) fed the calcium devoid diet for 24 hours,
Birds were force-fed a calculated amount (3
grams) ofcalcium from each source by delivering
the source in the crop. A copper pipe (25¢m long
and 1.25c¢m diameter) to which a plastic funnel
was fixcd facilitated this delivery. The pipe was
kept from blocking by means of a piece of wire
tonger thai the delivery pipe and was bent at the
distal end to prevent injury to the crops. Particles
from source, possibly adhering to the sides of
the delivery pipe were washed into the crop with
watcr. Thereafter, birds were returned to their
cages to continue to feed on calcium deficicnt
diet.

Calcium sources tested comprised of limestone
from six deposits A, B, C, 17, F and F, oystershell,
bone meal, and dicalcium phosphate. Feed and
water were provided ad libitum. Faecal output
from each treatment group was collected for 48
hours, dried, first in open air and at 105°C in the
oven over night, cooled in a desiccator and saved
for calcium determination. Sibbald (1982) noted
that extension of excreta collection period to 48

hours improved both accuracy and precision.
Faecal output of the calcium deficient diet was
analysed for endogenous metabolic faeccal and
urinary calcium. Faccal output of calcium sources
was determined for un-utilized calcium from
each source. Faecal calcium determination was
carried out using atomic absorption
spectrophotometer following wet digestion as
outlined by Perkin-Elmer (1968). Determined
faecal calcium from calcium deficient diet was
used as a “correction factor” for faecal calcium
from the sources.

Summarized data was analysed statistically using
the completely randomized design procedure and
mean separation was carried out using the
Duncan’s New Multiple Range Test as described
by Steel and Torrie (1980).

Results and Discussion

Solubility Test (in vitro)
Result of this test is presented in Table 1. Result
shows highly significant differences betwecn

Table 1: The In Vitro Solubility rate (%) of some calcium sources.

Calcinm Sources

% Solubility Rate

Limestone Sources
Ashaka A
Calabar B

Jakura C
Sokoto D
Ukpila E
Yandecv F
Oystershell

Bone Meal
icalcium Phosphate
SEM

39.9¢
37:54
38.2«
38.8«
355
38.4«
38.2«
44.0°
78.92
0.49

*hed :Means with different superseripts differ (P < 0.05)

SEM = Standard Error of Means
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mean values. Dicalcium phosphate produced the
highest solubility value (78.9%), which was
significantly (P < 0.01) higher than all the other
sources tested. Bone meal (43.98%) was
significantly (P <<0.01) superior to the remaining
calcium sources. All the limestone sources except
E (Ukpila) produced solubility values
comparable to oystershell. Limestone sourced
from Ukpila “E” that produced low solubility

value appeared more granular to the feelevenin

its pulverized form. This is believed to be the
reason for the low solubility value. The
percentage solubility values for limestone
sources used in this study differ from those
reported by Roland and Rabon (1985), although
the same methodology (save for time allowed
for reaction to take place) was used. The
differences in result findings are blamed on time
of reaction. Savage (1982) suggested that the
period of time feed (calcium source) stays in the
proventriculus and gizzard is extremely variable.

This ranged from a few minutes to about half an
hour depending on many factors, one of which
Is surface area which is due to porosity and
particle size of source.

Oystershell has been shown to be rctained in
the gizzard for a longer period of time duc to
particle size (Scott er al 1971, Kim, 1985). This
implies that it is Icss soluble than limestone. The
limestone sources used in this study were similar
in their solubility rate to that of oystershell. This
is believed to be duc to particlc size effect. All
the sources were in pulverized forms. Meyer ef
al (1973), Roland et al {1972) and Kuhl and
Sullivan (1977), found no difference in solubility
rate between limestone and oystershell that were
in the same form. The superior solubility rate of
di~calcium phosphate was expected since it is a
reagent grade substance with specification
standard. Highly soluble sources of calcium will
not be advantageous in feeding poultry especially

Table 2: Bioavailibility of calcium (%) from different calcium sources

Calcium Sources

% Availability

Limestone Sources
Ashaka A '
Calabar B

Jakura C

Sckoto D

Ukpila E

Yandev F
Oystershell

Bone Meal
Dicalcium Pphosphate
SEM

87.0%
88.6°
92.8*
90.0%
87.3%¢
90.0*
92.6°
89.6"
84.5¢
1.05

*be:Means with different superscripts differ (P < 0.05)

SEM = Standard Error of Means
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chickens in lay. Sources are expected to be
retained in the gastro-intestinal tract for a longer
period of time to enhance steady and continuous
release of calcium from the source (metering out)
for absorption.

Bioavailability Test (in vivo)

Result of bioavailability test is present in Table
2. It shows that generally, all the limestone
sources tested except from Ashaka ‘A’ produced
availability values that were similar to those of
oystershell and bone meal. Limestone sourced
from Jakura ‘C’ and oystershell produced the
highest numcrical values, 92.8% and 92.6%
respectively but these sources were similar to
limestone sourced from Sokoto ‘D’, Yandev‘F’
and bone meal (90.0%, 90.0% 89.6%)
respectively. Limestone sourced from Ashaka
“A” produced mean availability value similar to
sources from Calabar(B), sokoto (D), Ukpila (E),
Yandev (F) and bone meal (87.0% 90.0%,
87.3%, 90.0% and 89.6%) respectively.
Dicalcium phosphate produced the least
availability value (84.5%) which was similar to
limestone sourced from Ashaka (A) (87.0%), and
Ukpila (E) (87.3%) respectively.

Available calcium from dicalcium phosphate
reported herein was similar Lo the values reported
by Kim et al (1985). They reported values for
the true available calcium for breeding Japanese
quails to be between 83,58% - 86.12% and
apparent available calcium was 83.42% - 86.0%.
Available calcium levels from limestone and
oystershell are much lower than values obtained
in this study. The lower available calcium level
from dicalcium phosphate was belicved to be due
to its reagent grade, which made it more soluble
than the other calcium sources. Savage (1982)
pointed out that highly soluble sources of calcium
may pass rapidly through the gut with minimal
time to react with the HCI of the gut to relcase

calcium ions for absorption, and that, once
calcium source is in the duodenal loop, the pH is
theoretically too high for calcium release, the
calcium from that source becomes unavailable.

Calcium sources that arc retained in the
proventriculus and gizzard for a longer period
of time may be more available to poultry. The
result obtained in this study with respect to the
availability of calcium from oystershell and
limestone sources agrec with the report of
Waldroup et a/ (1964) although the authors
employed different criteria for evaluation, Values
for limestone sources are in agreement with those
values reported by Reid and Wiber (1976) who
used similar methodology for evaluating calcium
from the different limestone sources.

Conclusion

Dicalcium phosphate is a resource that has
similar usage with bone meal, but it is imported
and scarce. Routine use is being made of bone
meal that is available locally. For egg production,
oystershell and limestone are utilized to supply
additional calcium required for good quality
shells. Oystershell is a proven source of calcium
for layer diets the world over. Since all the
limestone sources except from Ukpila (E) had
similar solubility, and all sources produced high
available values, it was concluded that the
limestone sources tested in this study can be
utilized cffectively in layer diets.

References

Kim, Y.H., (1971):Poultry Scientists obtain
Boost in Eggshell Quality. New Jori s
Food and Life Science 4: 13

Kim, Y.S.; Sum, 8. S. and Myung, K, H (1985 =
A comparison of True Available Calcium
with Apparent Available Calcium Valuzs

-~



Solubility and bio-availability of limestone sources

using 6 Calcium supplements for
breeding Japanese quails. Korean
Journal Animal Science 27: 297 — 300.

Kim, Y. S.; Sum, S. S. and Myung, K. H
(1983)": The Effect of Level and
Method of Calcium Input, Age and
particle Size on True Available Calcium
Value in Breeding Japanese quails.
Korcan Journal Animal Science 27:
297 — 300.

Kuhl, H. J. (Jr) and Sulliva, J. W, (1977):
The Solubility Rate of Large Particle
Oysteshell and Limestone in vivo and
invitro. Poultry Science 56: 810— 812

Lindsay, H. A. (1982):  Calcium Bioavaila-
bility and Absorption; A Review.
American. Journal. Clinical Nutrition.
35: 783 — 808

Meyer, R.; Baker, R. C., and Scott, M. L
(1973): Effect of hen eggshell and
other calcium sources upon eggshell
strength and ultra-structure. Poultry
Science 52: 949 — 955,

Perkin — Elmer Corp (1968): Analytical
methods for atomic absorption
spectrophotometary. Perkin-elmer
Corp, Norwork Connecticut.

Reid, B. L., and Weiber, C. W_ (1976):
Calcium availability and trace mineral
composition of feed grade calcium
supplement. Poultry Science 55: 600 —
6035.

Roland, D. A, (Sr.), Sloan, D. R. and Harms,
R. H. (1972):  Calcium metabolism
in the laying hen. 3, Pattern of feed
(calcium) intake as influenced by time
of day and oviposition. Poultry Science
55: 1388 - 13917

Roalnd, D. A. (Sr.), and Rabon, H. W. (Jr.)
(1985): Solubility comparisons of
limestone and oystcrshell from different
companies and the short term effect of
switching limestone varying in
solubility on egg specific gravity.
Poultry Science 64: 37 (Supplement)

Savage, S. I. (1982): Specialist notes
limestone reaction varies by sources.
Feedstuff'55 (11): 32

Scott, M. L., Hull, S. L., and Mullenhoff, P. H.
(1971): calcium requirements of laying
hens and effect of dietary Oyster shell
upon shell quality. Poultry Science
J1:1055-1063.

Sibbald, T. R. (1982):  Measurement of
mineral bioavailability: Extension of
True  metabolozable  energy
methodology. Poultry Science 61: 485
- 487,

Steel, R. G. D. and Torrie, H. J. (1980):
Principles and procedures of statistics:

A Biometerical Approach. 2" ed.
McGraw Hill Inc.

Waldroup, P. W.; Ammerman, C. B. and
Harms, R. M. (1964):  Utilization
by the chicken of calcium from different
sources. Poultry Science 43: 212—- 216

(Received 26 March 2004, Accepted 02 December
2004).

245



