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INTRODUCTION

It is well established that man and all domestic animals require
trace minerals in their diet for overall well being and optimal perform-
ance. The addition of trace mineral sources to the diets of domestic
animals is a familiar practice to the nutritionist, animal scientist and
feeder. Nevertheless, care must be taken when choosing the sources for
a trace mineral mixture. Certain mineral salts are chemically incom-
patible, some are poorly available to the animal and some are unstable
in a feed mixture. In the latter case the mineral element released from
the unstable compound is destructive to vitamins, antibiotics and other
feed additives present in the diet. Another important consideration in
the choice of mineral sources is its solubility in an alkaline environ-
ment. It is necessary that the metal ion dissociate in the gastro-
intestinal tract prior to absorption. Once the mineral elements are
released from their original carrier, they are in a highly reactive
state and are subject to losses before absorption. These losses are due
in part to the binding of the elements to electronegative sites on cer-
tain organic compounds forming a relatively large ring structure or
"chelate." An example is the binding of zinc atoms with phytic acid, a
naturally occurring chelating agent, which forms a zinc-phytic acid
chelate. The element in this chelated form cannot be absorbed by the
intestinal wall and is lost to metabolism. To counteract this effect,
the nutritionist adds an excess of minerals to the diet to insure that
some will escape complexing and thus be absorbed. However, all metal

chelates do not jeopardize the element's absorption.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2

Recently nutritionists have found that certain synthetic chelating
agents such as ethylenediamine tetraacetic acid (EDTA) added to the diet
competes with the natural occurring chelating agents, such as phytic
acid, for the metal ion. The metal-EDTA chelate releases the element at
the intestinal wall or in some cases the whole complex is absorbed. In
either instance the mineral is made available to the animal.

It was the purpose of the research reported herein to determine
the effect of chelation on the utilization of certain trace elements by
chicks and particularly growing-finishing swine since little research

has been reported in this area.
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REVIEW OF LITERATURE

Chelates have been used with success in agriculthre for many
years to enhance the absorption of trace minerals by plants from the
soil (Wallace, 1962). As of late, animal nutritionists have »ecome
interested in the use of chelating agents to enhance the absorption of
trace minerals, particularly zinc (Zn), by the chick and other domestic

animals (Scott, 1965).

Chemigtry

Before surveying the literature on the effects and use of chelat-
ing agents in animal nutrition, it is of interest, first to review some
basic concepts about chelation.

Many compounds in nature are "looking" for a cation (an element
with a deficiency of electrons) with which it can share its electrons,
thereby forming a stable compound. One of the properties of a variety
of organic molecules is the ability to form internal complexes with
metals. Thus, chelates are cyclic compounds in which a metal is joined
to a molecule by two or more of its donor groups (Martell and Calvin,
1952). Not restricted in its formation to the high energy covalent
bonding which normally binds atoms together to form conventional mole-
cules, a metal chelate is formed as a ring structure produced by
attraction between the positively charged cations and two or more sites
of high electronegativity in a chemical compound. The bonds are known
as "coordinate' bonds and occur because of pecularities in the electron
shells of the transition metals. The chemical compounds that complex

with the metal ions are known as ligands. The most common electron
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donating or electron sharing atoms in ligand molecules are nitrogen,
oxygen and sulfur (Scott et al., 1969). In the coordinate bond, elec-
trons are furnished by the complex forming ligand and if the ligand
molcule contains only two electron donating groups, it is called a
bidentate and only a single ring can be formed; .f it contains three
groups, it is a tridentate and two interlocking rings can be formed if
proper spacial orientation is obtained. In some "polydentate' struc-
tures, such as porphyrins, many interlocking ring systems may be formed
and the resulting structure has amazing stability (Bailar, 1971).

The two most important determinants of the formation of a complex
are the pH of the solution which determines the amount of iconization of
the ligand and the stability constant which expresses the tenacity of
the particular bonds in the complex. The effect of pH on the compara-
tive efficiency of ligands is considerable. If at a given pH value, two
ligands are equally well ionized, their success in competing for traces
of metal ions at that pH would be proportional to their stability con-~
stant alone. However, it is often the case that the degree of ionization
of two molecular species is quite different at a given pH. Thus, at
pH 7.3 the amount of anion (the chelating form) varies from 0.04% for
proline to 2.45% for asparagine, or 60 fold. Asparagine will compete
with proline five times as successfully for Fe'™ and seven times as
successfully for Mntt at that pH.

The affinity of a chelate for a metal may also be expressed quan-
titatively as a stability constant. Considering a general interaction

between a chelating agent (A) and a cation (M), it may be expressed:
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M + XA = MAx
The equilibrium constant K for this reaction is expressed mathematically
as follows where the figures in parentheses are for activities of the

respective ions:

K = (MAx)
M) (A)x

However, the activities of the chelating ions are very difficult to
measure and molar concentrations are substituted for activities under
these conditions; an apparent formation constant Kf is used instead of
equilibrium constants, i.e.,

K, = (MAx)
™M) (A)*

The log of Ke is equal to the stability constant.

The stability constant represents the number of moles of chelated
metal ion in relation to the product of the number of moles metal ion
and ligand remaining in the free state in the system (Chenoweth, 1956).

The metal ion having a higher stability constant theoretically
can replace a metal ion of lower stability constant in a chelate, or at
least chelates with the higher stability constant will be formed before
that of a lower stability constant. The synthetic chelating agent EDTA
has a very high stability constant with most of the essential trace
minerals. EDTA when present in a system in adequate concentration, will
pick up all of the polyvaLgnt transition cations even in competition
with most other chelating>agents (Scott, 1965).

The number of electron pairs that the same metal ion can accept

in the formation of a coordination complex is called the coordination
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number of the ion; it determines the number of molecules or ions of
complexing agents that will be bound to the metal ion. Coordinate
number of metals are usually six, sometimes four and occasionally two or
even eight (Chenoweth, 1956).

One must keep in mind that stability constants cited in the
literature are maximum values and many chelating agents are determined
under well defined in vitro conditions at definite optimum pH values and
ionic concentrations. These conditions are rarely encountered in an
intact animal. Sevem et al. (1960) pointed out that the in wvive sta-
bility of a metal chelate may be influenced by its inherent stability
(indicated by its equilibrium constant, K), the competition of body
cations for the chelating agent, pH and the tendency of the metal to
form insoluble hydroxides, the distribution and metabolism of the chelate

and the competition of physiological complexing radicals for the metal

ion. Further the in vivo distribution of a chelate may have an influence

on its stability, since compounds widely distributed in many body com-
partments may be exposed to greater physiological competition.

Scott (1965) suggested that chelates which influence biological
systems can be classified into three groups in accordance with the func-
tion served by the chelate. Scott's classification is as follows: 1)
Chelates that serve to transport and store metal ions. In these chelates
the metal has no function of its own, it does not modify the properties
of the chelating agent u:t does require an agent of such chemical and
physical properties that the chelate is capable of bLeing absorbed,

transported in the bloodstream and passing across cell membranes to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



deposit the metal ion where it is needed: 2) Chelates essential in
metabolism. In this type the metal ion must be part of the chelate to
perform its metabolic function. Heme and the cytochrome enzymes are
chelates of this type; the hemoglobin molecule without its ion moiety
would be incapable of transporting oxygen; and 3) The final group con-
sists of those chelates which interfere with utilization of essential
cations. Many such chelates are thought to be formed by "accident" and
have no apparent useful biological purpose. Such is the case of the
chelate formed by phytic acid and Zn which renders Zn non-available to

the animal system.

Protein Source

The first hints of the importance of chelation in animal nutri-
tion came about in an indirect manner. Several researchers conducting
mineral studies with different species of animals, particularly poultry,
found an association between the bird's Zn requirements and the source
of dietary protein fed.

0'Dell and Savage (1957) in their original report on the need of
Zn in poultry nutrition fed 50 white rock male chicks a basal diet con-
taining 25% Drackett protein (isolated soybean protc.n) and 50 ppm Zn by
analysis. The basal diet was supplemented with 6.6 ppm and 56 ppm Zn
and 5% distillers dried solubles. The birds receiving the supplemental
Zn out performed the basal group and showed no shortening or thickening
of the hocks. Since the basal diet was considered to contain adequate
Zn, the authors concluded that the Zn in this diet was unavailable

because the birds responded to additional Zn supplementation. Morrison
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8
and Sarett (1958) found that a Joybean protein basal diet containing 30
ppm Zn fed to chicks produced poor growth as compared to a casein-
gelatin base diet containing equal amounts of Zn. Further when calcium
was added in excess to the soybean protein diet, chick growth was
depressed, but the addition of excess calcium to the casein-gelatin
diet was without effect. Moeller and Scott (1958) conducted growth
experiments with chicks receiving a glucose-Drackett protein diet and a
glucose-egg white diet. Marked deficiency symptoms were observed on
both basal diets. With the Drackett basal (13 ppm Zn) maximum growth
was obtained with 20 ppm of supplemental Zn. In contrast, maximum
growth on the laboratory prepared egg white basal was noted with only
10 ppm supplemental Zn.

al. (1961) found that the Zn requirement of chicks fed

Zeigler et
a purified diet containing casein was 12-14 mg. of total Zn per kg. of
diet. Chicks fed a similar diet in which the casein protein was
replaced by isolated soybean protein required 27-29 mg. of total dietary
Zn per kg. of diet. Increasing the level of soybean protein in the diet
increased the Zn requirement. The authors concluded that soybean pro-
tein appeared to contain a specific factor or property which increases
the chicks requirement for Zn. Other researchers have found similar
results with turkey poults (Kratzer et al., 1959), chickens (Kienholz

et

1., 1962) and with chicks (Davis et al., 1962; Edwards, H. M., 1966,
and Nielsen and Hoekstra, 1966).
Smith et al. (1959) used five groups of eight three-week old pigs

——— e

and fed them semi-purified diets containing 20.5% protein. All pigs
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receiving isolated protein and soybean meal developed symptoms of para-
keratosis, but there were no symptoms in the pigs fed milk protein. The
pigs were reallotted, and significant increases in growth and the
alleviation of parakeratosis were observed when Zn was added tc soybean
protein diet. The addition of Zn to milk protein diets did not improve
growth. The same authors (Smith et al., 1961) conducted three experi-
ments with 114 three-week old pigs to determine the Zn requirement of
the growing pig when isolated soybean protein was fed in the diet and
found the requirement to be 46 ppm. The dietary Zn requirement of the
pig was lower when casein was substituted kilogram;for-kilogram for
isolated soybean meal. Smith et al. (1962) in a study to determine the
effect of various protein sources on dietary Zn requirements found that
pigs receiving milk protein (containing 6-18 ppm Zn) with and without
added Zn had superior growth to those on soybean protein and showed no
signs of parakeratosis. All pigs receiving the soybean diets (contain-
ing 16-22 ppm Zn) showed typical Zn deficiency symptoms. The addition
of 50 ppm Zn to the soybean protein diet alleviated the 2n deficiency
symptoms; however, the addition of Zn to the milk protein diets did not
improve performance.

From these results it appears that Zn in isolated soybean protein
is bound so that it is absorbed less efficiently than the Zn in animal

protein such as casein and egg~white.

Phytic Acid and Calcium Levels
One of the outstanding differences between animal and plant

sources of protein is in their content of phytate, the hexaphosphate
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10
ester of inositol. Most plant seeds, notably oilseed meals and cereal
grains, store phosphorous as the organic ester. Smith and Rackis (1957)
found when extracting proteins from soybean meal, phytin reacts with the
protein to form complex products of varying composition.

In a study to test whether or not a casein-phytic acid complex
would decrease availability of Zn to the growing chick, 0'Dell and
Savage (1960) added phytic acid to a casein base diet in an amount
equivalent to that normally found in an isolated-soybean protein based
diet. They found that Zn in the casein treated diet was less available
than the untreated casein diet. Addition of calcium phytate to the
casein base diet had little or no effect on Zn availability. They con-
cluded that isolated soy protein has a high affinity for Zn. Oberleas
et al. (1960) fed weanling pigs basal diets of casein (15% protein and
14 mg./kg. Zn) and soybean meal (15% protein and 25 mg./kg. Zn) to which
phytic acid and/or Zn were added. Visual and histological analysis
indicated that pigs receiving the soybean meal basal developed parakera-
tosis, whereas those receiving casein protein did not except when phytic
acid was added. Zn supplementation at 100 mg./kg. prevented the nega-
tive effects of added phytic acid. Their data indicate that parakera-
tosis can be produced on a diet composed of animal protein if phytic
acid is added at either low or high levels of dietary calcium.

Following their observation that phytic acid decreased Zn availa-
bility and produced parakeratosis in swine, Oberleas et al. (1961) used

the rat to study phytic acid-Zn metabolic interrelationships. Weanling

albino rats were fed diets based on casein and purified soy protein
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