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Calcium digestion — Ca™" Availability

In the August 22™ issue of
Feedstuffs appeared an inter-
esting article titled Calcium
concentration not critical to
ATTD (apparent total tract di-
gestibility) authored by John
Goihl — president of Agri-
Nutrition Services, Inc. in Sha-
kopee, MN. John is a frequent
contributor in Feedstuffs. We
recommend your referencing
this article and absorbing its
content. The article discusses
the roles calcium (Ca) and
phosphorus (P) play in the de-
velopment and maintenance of
the skeletal system as well as
other physiological functions.
The article focuses on the die-
tary ratios and concentrations
of Ca and P for optimizing effi-
cient utilization of both. The
exposé revealed that concentra-
tions of one (Ca) may not only
influence the digestibility of the
other (P) but may also affect its
own (Ca) digestibility. A com-
posite study from The North
Central Coordinating Commit-
tee on Swine Nutrition (NCCC-
42) was cited as central to the
insights revealed regarding this
issue.

Six participating universities
fed 50 pound pigs common
growing diets calculated to
contain 0.46% total P and vary-
ing concentrations of 0.33,
0.46, 0.51, 0.67, 0.92, & 1.04%
Ca. The experimental diets

ranged between 55 and 173%
of the Ca requirement (NRC,
1998). The only difference
among the six diets was that the
concentration of CaCQO; varied
to create diets that contained
the graded amounts of dietary
Ca. Calcium carbonate was
furnished by ILC Resources
and contained 38.83% Ca with
average particle sizes of 550
um (microns). FreFlo from
Alden, IA plant was the supple-
mental product in this trial. In
the present experiment, no at-
tempt was made to distinguish
Ca absorption mechanisms,
either as downregulated by hor-
monal influence (PTH) or by a
passive mechanism. Their
findings indicated that ATTD
of Ca in CaCOs is not affected
by dietary Ca concentration
varying between as low as 55%
and as much as 173% of NRC
requirements in this experi-
ment. Retention of Ca in-
creased while retention of P
decreased as dietary Ca in-
creased. It was concluded that
dietary concentration of Ca
does not affect ATTD of Ca in
CaCQj; but increased dietary Ca
may decrease the ATTD of P in
the diet. Mechanisms of expla-
nation were left unsolved and
questions certainly linger.

For further particulars on these
findings, please refer directly to
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the Feedstuffs review or to the
study itself in Journal of Ani-
mal Science 2011, 89:2139-
2144, Either is available upon
request.

The bottom line of the Feed-
stuffs’ review “...indicated that
calcium digestibility in calcium
carbonate is much less than
100% ...” Further, concluded
“More research is needed on
calcium digestibility of ingredi-
ents to accurately formulate
diets on a digestible calcium
and phosphorus basis.”

We share the author’s opinion
that “more research is needed
on calcium digestibility...”
Our article here will focus on
the supplemental CaCOj; used
in the study demonstrating its
ability to allow for consistency
of this trial’s performance even
in the midst of resultant mys-
teries. Just how Ca was ab-
sorbed wasn’t examined as
stated above, but how Ca is
made available for absorption
begins with the actual digestion
process of dietary CaCOs.

To understand this aspect, let’s
take a look at the fundamental
definition of the biological
process of digestion.

Digestion defined as:

1. (noun) digestion

...the process in the alimentary
canal by which food is broken
up physically, as by the action

Unical-F

Unical-L

of the teeth, and chemically, as
by the action of enzymes, and
converted into a substance suit-
able for absorption and assimi-
lation into the body. ... and

2. (noun) digestion

...the conversion of food, in the
stomach and intestines, into
soluble and diffusible products,
capable of being absorbed by
the blood.

According to these definitions,
the particular chemical diges-
tion of CaCOj involves the fol-
lowing reaction yielding ion-
ized free calcium (Ca™):

CaCO;+HCl—Ca*+CO,+H,0+Cl

Actual calcium digestion oc-
curs when ingested particles of
CaCO; come in contact with
the hydrochloric acid in the
stomach. The rate of chemical
reaction depends mostly on
surface area exposure of
CaCQ;s in presence of the stom-
ach acid, not just chemical con-
figuration alone.

One of the major factors affect-
ing bioavailability of calcium
from supplemental CaCOj is
actually two-fold. First is the
duality of both particle size and
corresponding rate of solubliza-
tion in stomach acid. And sec-
ond is the inherent hardness of
calcitic limestone rock source.
Acid solubility rates are there-
fore determined by both surface

FreFlo

area exposure and hardness of
the particles being dissolved.
Like particle sized products
from different calcitic lime-
stone deposits differ in solubil-
ity, which is most likely due to
this hardness factor.

An additional influence to nu-
trient bioavailability is the rate
of digesta passage through the
Gl tract. On one extreme, if
particles of CaCOjs are too
large regardless of rate of pas-
sage, very little digestion will
take place releasing ionized
Ca™" for absorption irrespective
of accessibility and/or concen-
tration of vitamin Ds for active
transport. On the other ex-
treme, if particles of CaCOj; are
too small (finely ground pow-
der), rapidly solublized Ca™
may pass through the GI tract
and be eliminated before ade-
quate absorption occurs —
whether by active transport
with proper Vitamin D (form &
levels) or passively by over-
whelming concentrations.
Thus, eliminated as intact
CaCQ;j particles or free ionized
Ca'", the results are the same
regarding availability of cal-
cium to the animal. As an ex-
ample, two extremes demon-
strating this point would be
feeding a coarse particulate
product, such as Unical-F
(2300 um average diameter)
versus finely ground powder,
such as Unical-P (10 pm aver-
age diameter) to a typical

Unical-S

Unical-P



monogastric during the grow-
ing period.

First, in order to understand
availability of Ca in an animal
during digestion, a laboratory
protocol measuring in vitro
acid solubility of different par-
ticle sized CaCOs is used
which mimics in vivo condi-
tions. In its simplicity, a meas-
ured amount of sample of
specified particle sized CaCO;
is introduced into an acid bath
of HCI for an exact time period
(ten minutes), after which the
resultant pH change is meas-
ured that correlates directly to
concentration of CaCO; dis-
solved (or solublized into free
Ca™™). No direct correlations
can be used to quantify in vivo
use, but relative interpretive
comparisons can be made
among various particle size
CaCQOj; products in the labora-

tory.

Using the two product profiles
above, the coarse diameter ma-
terial ranges in neighborhood
of high 30s to low 40s percen-
tile acid solubility. The pow-
dered product is much more
predictably reactive, of course,
and ranges in the mid 70s per-
centile acid solubility. These
percentages are best extrapo-

lated quadratically rather than
linearly. Large particles dis-
solve visibly quite slowly,
while the powder disappears
fairly rapidly.

Both of these products would
be poor considerations in most
monogastric diets — whether
swine or poultry — under grow-
ing-finishing production. What
type of particle sized CaCO;
may be better suited for dietary
formulation use in optimizing
the digestion of CaCO; to make
Ca"" available for absorption in
terms of both timing and
amounts? No exact science has
been developed to the point of
accurately answering that ques-
tion. However, ILC Resources’
in-house product testing and
data monitoring along with out-
side research does provide use-
ful guidance. Layer poultry
industry has long used coarse
particulate CaCO; for slow re-
lease of Ca'™" after deposition in
the gizzard to make proper egg-
shell daily throughout the hen’s
laying cycle. Thus, coarse par-
ticulate CaCO; of low acid
solubility is used. On the other
end of the particle size spec-
trum, finely ground powdered
CaCO; of high acid solubility
is used in such production as
milk replacers where very

Table 1. ILC Resources’ CaCOj3; Products

available sources of nutrients
are needed to nourish neonatal
animals. Both materials are
from the same source of cal-
citic limestone processed into
specific particle sized CaCOs
products. Basically, the key
element for consideration is the
component rate of dissolution
in stomach acid releasing ion-
ized Ca™" for proper absorption
and utilization to meet varying
physiological requirements.

The University of Arkansas
conducted a research study in
2006 looking at “The effect of
calcium carbonate particle size
on the utilization of phosphorus
from phytase for broil-

ers.” (Refer to Third Quarter
2006 Mineral Writes). Particle
sized CaCOj used in the diets
ranged from coarse particulates
(Unical-F, as mentioned above)
down to finely ground powder
(Unical-P, as mentioned above)
along with three other particle
size gradations. These addi-
tional three were Unical-L
(large granular product), Uni-
cal-S (small granular product),
and FreFlo (blend of large to
small granular product). Refer
to Table 1.

This study examined the effects
which different dietary particle
sized CaCOs; had on utilization

Product Description Ave diam | % Acid Solubility
microns*
Unical-F large particulate 2300 38-42
Unical-L large granule 1100 44-46
FreFlo blend lg/sm granule 550 53-54
Unical-S small granule 200 55-57
Unical-P fine ground powder 10 74-76

*Microns (um) = 1/1000 of a millimeter
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of phosphorus in broiler diets
containing phytase enzyme.
One of the suppositions made
was that very fine particles of
CaCOj could release Ca™ rap-
idly enough to rebind the phy-
tate molecule, thus negating the
effects of phytase and resulting
in reducing phosphorus avail-
ability for utilization.

The ARK study revealed that
live growth performance was
affected by feeding different
particle sized CaCO;. The best
performance for weight gain
and feed consumption was ob-
tained in chicks fed FreFlo (a
blend of large to small granular
particles). Comparable re-
sponse was obtained in chicks
fed Unical-S (small granular
particles alone). These two
products have particle size pro-
files ranging between 200 and
500 microns, with over half
their particles dissolving in vi-
tro within ten minutes. Poorest
performance and highest mor-
tality were observed in chicks
fed Unical-F averaging over
2300 microns and dissolving
quite slowly. Predictably,
coarse particles were simply
too large to allow enough ion-
ized Ca™ to meet the birds’
calcium requirements. On the
other end, Unical-P, ranging
around 10 microns, solublized
Ca"" ions too rapidly and pre-
sumably rebound the phytate
molecule and/or were carried
through the GI tract too rapidly
to meet the birds’ nutrient re-
quirements for calcium. Inter-
pretation of this broiler study
suggests a similar condition in
other monogastrics. Tying the
Arkansas study in with the
NCCC-42 study reported in
Feedstuffs suggests further va-
lidity to feeding a blend of
large to small granular particle
CaCQOj; product to growing
monogastrics.

We agree with Goihl’s conclu-
sion that “More research is
needed on calcium digestibility
of ingredients (CaCOs) to accu-
rately formulate diets on a di-
gestible calcium and phospho-
rus basis.” In particular from
this NCCC-42 study, we’ve
learned that as dietary Ca in-
creased beyond requirements,
retention of Ca also continued
to increase but correspondingly
retention of P decreased. Ad-
mittedly, dietary P concentra-
tions remained constant and
one intuitively wouldn’t neces-
sary expect increased retention,
but why would there be de-
creased retention in the pres-
ence of increasing Ca reten-
tion?

Much of the puzzle needs fur-
ther clarification before all is
understood, but we do have
more pieces to this puzzle
available than are universally
recognized. The picture seems
a little clearer when we return
to the basic definitions of di-
gestion referenced at the begin-
ning of this article. Indeed,
however, much about the over-
all Ca/P dynamics remains yet
to be researched fully and prop-
erly. From the NCCC-42 re-
search study, the physiological
dynamics of Ca/P interactions
within the body continue to
confound our understanding.
But, choosing an appropriate
supplemental CaCO; product
optimizing free Ca"" available
for absorption for a given feed-
ing application will also target
optimal performance.

A substantial amount of re-
search reported today seems to
focus on exotic and minute de-
tails. We purport no condem-
nation of this trend as such, but
we strongly believe a return to
researching basic nutrition will
reveal information of para-

amount interest as well as for
practical application.

Regarding calcium nutrition,
simply not enough is yet
known about this element. It is
the most abundant mineral in
the body, mostly located in
bones. Secondary to Cais P,
also chiefly located in bones.
Proper skeletal development
and maintenance is critical for
optimum growth and efficiency
of production, regardless of
species.

We conclude by reiterating that
a very important component of
understanding digestibility of
dietary CaCO; lies within both
its particle size gradation and
its corresponding solubility in
the dilute hydrochloric acid of
the stomach. Both features are
crucial in releasing ionized
Ca"" thus, optimizing availabil-
ity for subsequent absorption
and utilization as Ca interacts
with other nutrients, principally
with phosphorus.

Join us on the Web....

www.ilcresources.com

If you haven’t visited our website
since early spring this year, we
invite you come see us again
sometime. Among many other
new features, our Mineral Writes
are posted chronologically as be-
fore, but more significantly, arti-
cles are now easier to access by
both category and word linkage.
Our objective is to make this li-
brary of information more readily
available and easier to find. If
you’ve missed an edition or can’t
find one in your files, here’s a
readily available source. You
don’t even need a special library
card to come in, look up what’s of
interest to you, and take the refer-
ence home.



