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INTRODUCTION

Th i s book wi 11 be of great interest to anyone
concerned with animal feeds and feeding programs whether
one is studying bovine, porcine, equine, avian or lower
vertebrate (fish and eel) nutrition. This information
is critical to the success of an animal feeding program.
Somet imes the di fference between a successful and a
failing program can be traced to mineral deficiencies
which cause either abnormal growth, reduced milk
production, interrupted fertility and breeding,
compromised immune system integrity and/or decrement in
normal hemoglobin concentration. Increased
morbidity/mortality rates can make a profitable animal
feeding program into a financial failure overnight when
the replacement costs for a prize animal are considered.
These abnormalities, and others, are addressed in the
pages that follow.

From 25 controlled studies by 42 different authors
in five different countries a diverse array of data is
presented. These data val idate the effect i veness of
mineral nutrients presented as amino acid chelates when
compared with the ionic forms derived from the inorganic
sal ts. These stud ies further support the resul ts of
numerous laboratory experiments showing increased
absorption, assimilation and reduced toxicity of the
forms of minerals chelated to amino acids. With little
cost and effort animals can be supplemented with amino
acid chelates which will promote, with little risk of
overdose, a fuller genetic potential achievement as far
as mineral requirements are concerned. Results of this
supplementation are reflected in increased growth,
immunological integrity, and more consistent
reproduction (increased ovulation and conception after
first service) as a result of increased bioavailability
of these chelated forms.

v



VI Introduction

Of novel interest are the reports showing a
protein sparing as a result of amino acid chelate
supp1ementat ion. In the face of dwi ndl i ng protei n
sources for animal feeds, this effect of chelated
minerals needs further scrutiny in feeding programs in
other species.

Darrell J. Graff, Ph.D.
Weber State University
Ogden, Utah, U.S.A.



A NOTE TO THE READER

In the late 1800's, many of the fundamental
concepts of che1at ion chemi stry were evo1vi ng. Chemi sts
began to recognize that certain atoms could exist in
more than one valence state, but could not comprehend
how atoms with more than one valence could form a highly
stable compound.

Alfred Werner, a German chemist, was the first to
break with traditional thinking and propose an entirely
new molecular structure to describe these highly stable
molecules. He noted that certain structural entities,
which he called "complexes", remained intact through a
series of chemical transformations. In 1893, Werner
wrote, "If we think of the metal ion as the center of
the whole system, then we can most simply place the
mo1ecul es bound to it at the corners of an
octahedron."(1) For the first time a chelate had been
described.

Werner further refined this revolutionary concept
in the succeeding years. He concluded that a metal ion
was characterized by two valences. The first, which he
called the "principal valency", is now termed the
oxidation state, or oxidation number, of the metal. The
second valency, which he called the "auxiliary valency",
represents the number of ligand atoms associated with
the central metal atom. This is the same as the
coord inat i on number of the metal. (2-7) Werner's concepts
were fundamental to the comprehension of chelates.

The term, "chelate", was finally used by Morgan
and Drew, in 1920, to describe the molecular structure
discovered by Werner. As noted above, the fi rst
chelating molecules that had been discovered were those
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VIII A Note to the Reader

with two points of attachment. It was this caliper-like
mode of attaching the ligand (the chelating molecule) to
the metal atom that led Morgan and Drew to suggest the
word "chelate" to describe the molecule.(8) The word is
derived from the Greek word "chele", meaning lobster's
claw. The word, IIchelate ll

, was originally used as an
adjective. It later became a more versatile word and
today i s used as an adj ect i ve, adverb, or noun. The
ligands are chelating agents, and the complexes they
form are metal chelates.

Because the claw, or ligand, held the cation, the
metal was no longer free to enter into other chemical
reactions. Thus it quickly became evident that when a
metal was che1ated, the chemi cal and phys i cal
characteristics of the constituent metal ion and ligands
were changed. This had far reaching consequences in the
realms of chemistry and general biology. In spite of
the knowledge of what chelation could do to and for a
metal ion, it was not until the early 1960's that anyone
thought seriously about using this molecule for
nutritional purposes.

At that period, a handful of investigators,
independent of each other, each conceived the idea that
if a metal ion could be chelated before feeding it to
animals, the ligand would sequester the cation and
prevent it from entering into various absorption
inhibiting chemical reactions in the gut. The
theoretical consequence was greater nutritional uptake
of the ions.

Two schools of thought quickly developed. One,
led by the pioneering research of Albion Laboratories,
Inc., proposed that amino acid chelates were the proper
chelates to enhance mineral absorption. As attested by
a large number of research reports, lectures, and
publications based on the research efforts both
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coordinated and conducted by this organization, the use
of amino acid chelates in animal nutrition were both
positive and highly encouraging. At that point in time
these amino acids were called "metal proteinates"
instead of chelates.

Concurrently, with the development of the amino
acid chelates, a second school of thought approached
animal nutrition with synthetic chelates based on
ethylenediaminetetraacetic acid (EOTA). The theory was
the same as before. The EOTA ligand would chelate the
cation and protect it from chemical reactions in the
gut. While it successfully accomplished its mission in
terms of protect ion, it genera11 y fa i1ed to enhance
mineral nutrition because it formed chelates that were
too stable. The biological ligands in the animals'
bodies were incapable of extracting the cations from the
EOTA chelates, even after they were absorbed into the
blood. Thus, the EOTA chelates were returned to the
lower bowels or excreted into the urine still protecting
the cations that the animal s were supposed to have
utilized. As Bates, et li., concluded, even though
chelation plays a dominant role in mineral absorption,
"chelation does not, in itself, insure efficient uptake
because the absorption of the ferric chelates of EOTA,
NTA, and gluconate were not significantly different than
that of ferrous sul fate. ,,(9)

These synthetic chelates were heavily promoted in
the decade of the 60's and the early part of the 70's.
When they could not deliver the enhanced mineral
nutrition promised by the chelation concept, all
nutritional products using the word "chelation" lost
favor with most animal nutritionists. The "c" word
became a word to avoid if one wished to amicably discuss
animal nutrition.
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It was for this reason metal proteinates became a
favored description for the amino acid chelates. As a
term, the words evolved out of the concept of complexing
metal s wi th protei n. Metal protei nates became
acceptable terminology because they successfully avoided
mention of the "ell word. There was a problem with that
approach, however. There was no official definition to
describe a metal proteinate.

By 1970, Albion Laboratories, Inc. had supplied
the necessary research to allow the American Association
of Feed Control Officials (AAFCO) to officially define
metal protei nates as the product resul t i ng from the
chelation or complexing of a soluble salt with amino
acids and/or hydrolyzed protein.

As greater numbers of manufacturers began
capital izing on the metal proteinate definition, it
became evident that this definition was too broad to
accurately define Qllly those minerals that research had
proven were efficacious. Many companies were not making
chelates, but could still have their products defined as
metal proteinates. Other companies, who may have been
making chelates, were not making products that could be
absorbed. Thei r compounds were ei ther too bi g (a
chelate over 1,500 daltons can not be absorbed), or the
mineral was bonded to whole or partially hydrolyzed
protein (which had to be digested with subsequent
release of the metal to competing reactions in the chyme
similar to those facing cations derived from any other
feedstuff).

Because of the confusion among feed companies in
trying to decide which metal proteinates were valuable
sources of the added mineral nutrition, which metal
proteinates were supported by scientific studies, and
which were "me too" products that had no support data of
their own, Albion Laboratories, Inc. applied to AAFCO



A Note to the Reader XI

for a new definition which accurately and more
completely described an amino acid chelate. Realizing
the "e" word was still out of vogue among many
nutritionists due to their earlier experiences with
synthetic chelates, Albion still decided to call the
products by their true name - amino acid chelates.

After several years of debate within the AAFCO
organization, a debate which was primarily fueled by
companies using Albion's research to promote dissimilar
products ascribed to the proteinate definition, a new
definition was ultimately approved. The new definition
for a metal amino acid chelate rectified the looseness
of the metal proteinate definition by including absolute
requirements for molecular weights, molar ratios of
ami no ac ids to metal s, and the abso1ute presence of
chelation. The amino acid chelate definition also
disbarred the complexing of metals with protein or
peptides, both of which require further digestion before
absorption. The formation of chelates too large to be
absorbed was thus disallowed.

As defined by the American Association of Feed
Control Officials, a metal amino acid chelate is lithe
product resulting from the reaction of a metal ion from
a soluble salt with amino acids with a mole ratio of one
mole of metal to one to three (preferably two) moles of
amino acids to form coordinate covalent bonds. The
average weight of the hydrolyzed amino acids must be
approximately 150 and the resulting molecular weight of
the chelate must not exceed 800." (0

)

This book is about amino acid chelates. With few
exceptions, the research contained within it was
conducted by investigators independent of Albion
Laboratories, Inc. The organization with which each
investigator is affiliated is noted on the list of
contributors and at the beginning of each chapter.



XII A Note to the Reader

The book is divided into several sections so that
a reader, who may not wish to read the entire book, can
quickly turn to his or her own area of primary interest.
Separate sections are devoted to cattle, pigs, poultry,
horses and fish. The beginning section discusses the
fundamentals of amino acid chelation as they relate to
the various aspects of animal nutrition discussed in
each of the subsequent sections. It is strongly
recommended that the reader who has primary interest in
only one species of animal still read this first section
prior to addressing the species of interest. The first
section will provide numerous basic concepts that will
enhance the reader's comprehension of the data in the
subsequent sections.

For the animal nutritionist, veterinarian, and
others whose interests range further than a s i ngl e
species, reading the book in its entirety is
recommended. As noted above, it is divided into five
additional sections beyond the introductory section plus
a summary. The second sect i on deal s wi th several
aspects of dairy and beef cattle mineral nutrition.
Some topics discussed include immunity, fertility,
increased mi 1k product ion, greater growth rates, and
improved feed conversions. The third section addresses
several important concepts of swine nutrition including
baby pig anemia, improved reproductive capacity in older
sows, and leaner pork. Poultry is handled in the fourth
section. Topics include improvements in breeder/broiler
operations, egg production and enhanced turkey
production. The next section deals with equine
nutrition as it relates to fertility and proper growth
and development of the legs. The last section deals
with enhanced performance in fish and eels.

Although the data are conclusive in most cases,
the research reported in these sections is by no means
complete. In many instances the editor was faced with
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making painful decisions as to whose research to
include, or not to include, in order to avoid excessive
repetition. In spite of these efforts, some repetition
was unavoidable, but hopefully not redundant.

The purpose of reporting this research in the form
of a book has been two-fold. The first is to stimulate
others to piek up the torches that have been lighted by
the researchers who have contributed to this book and to
cont i nue onward from where they stopped. The second
purpose is to make the "e" word once again an acceptable
word in animal nutrition circles.

H. DeWayne Ashmead
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Chapter 1

MINERALS IN ANIMAL HEALTH

John B. Herrick*
Iowa State University

Sci ent i sts have long known that traces of most
elements exist in animal tissue, but in many cases they
believed that those minerals were contaminants rather
than functional entities. As analytical methods have
improved, many elements that were once thought to be
contaminants have been shown to be essential to the life
and well being of the animals.(1) Thus, a mineral is now
believed to be essential if (a) it is present in all
healthy tissue, (b) its concentration from one animal to
the next is generally constant, (c) its withdrawal from
the body results in reproducible physiological and
structural abnormalities, (d) its addition prevents or
reverses those abnormal it i es, (e) the defi ci ency- induced
abnormalities are accompanied by specific biochemical
changes, and (f) these biochemical changes can be
prevented or cured with the addition of the mineral .(2)

The three major roles of essential minerals are to
directly or indirectly function in supplying energy, to
indirectly and directly aid in growth and maintenance of
the body tissues, and fin~lly to assist in the
regulation of body processes.() The need for chromium
to potentiate insulin and the involvement of phosphorus
in the ATP mol ecul e are two exampl es of the di verse
roles of minerals in energy production. In their roles
of growth and maintenance of tissues, minerals
contribute to the rigidity of the bones and teeth and

* The original draft was written while associated
with Iowa State U. Dr. Herrick is currently
retired and working as a consultant.

3



4 The Roles of Amino Acid Chelates in Animal Nutrition

are an important part of protein and lipid fractions of
the animal body. As regul ators of body processes
minerals preserve cellular integrity by osmotic
pressures and are a component of many enzyme systems
which catalyze metabolic reactions in biological
systems. Most minerals function in more than one role.
As an example, calcium is used in large amounts by the
body for synthesis of osseous tissue. Phosphorus also
contributes structurally and yet is a key element in the
use of energy by the body. Furthermore, cobalt has a
regulatory role (through vitamin 8-12) rather than
contributing quantitatively to tissue synthesis, but its
effect on growth i s as dramat i c as that of cal ci urn.
Other elements play essential roles, as well.

Minerals which are involved in several metabolic
processes are more likely to be interrelated with other
minerals than are those involved in a single or a few
funct ions. (4.5) Knowl edge of these i nterre1at ionsh ips
between minerals is increasing rapidly. As that
knowledge expands in the field of mineral metabolism,
many additional interrelationships will probably be
elucidated.

Animals obtain essential mineral nutrition from
two pri mary sources: (1) through natural feeds and,
possibly, water, and (2) through supplementation of
feeds and water. Even though a 1arge port i on of the
required minerals may be provided by the vegetative
animal feedstuffs, mineral supplementation is generally
a necessary practice for properly nourishing the animals
due to dep1et i on and imba1ances of mi nera1sin the
soils, and consequently in plants.(6) The mineral
contents of a plant depend primarily on the plant
species, the season, the abundance of the element in the
soil, the type of soil, and the conditions (pH,
moisture, etc.) which affect the plant's ability to
absorb the mi nera1s. (7) Because of the many factors
affecting this absorption, the mineral contents of
plants vary both within and among the species.



Minerals in Animal Health 5

Furthermore, mineral requirements of plants are not the
same as for animals, so ratios of one mineral to another
and the Quantities of minerals, being proportioned for
different biological functions, may not meet the needs
of the animal when used in feeds. The availability of
minerals in plants is also affected by phytic acid and
oxalic acid found in the cellulosic cell membranes as
opposed to cytoplasm. It should be remembered that the
presence of a mineral in plant tissue used for feed does
not guarantee its absorption into the animal's system.
As stated by Underwood, "the evaluation of feeds and
feed supplements as sources of minerals depends not only
on what the feed contains, i.e. the total content or
concentration as determined physio-chemically, but on
how much of the total mineral can be absorbed from the
gut and used by the animal's cells and tissues."(8)

Before the development of isotopic techniques,
absorption mechanisms of minerals were poorly
understood. Without isotopes the primary difficulty for
confusion of mineral metabolism was due to absorption,
excretion back into the gut, and reabsorption, often as
a standard cycle. Conventional balance studies were
unable to indicate the net utilization of minerals.
Absorption of mineral ions is dependent upon numerous
factors, including the levels of the elements ingested,
the age of the animal, Ph of the intestinal contents and
environment, the state of the animal with respect to
deficiency or adequacy of the element, and the presence
of other antagonistic minerals or nutrients as well as
several other conditions. (9) Earl ier investigators were
unable to consider these variables due to lack of
adequate technology, and thus their reports often lacked
agreement. With the use of isotopes it became easier to
follow the movement of trace elements through the
body. (8)

In a practical sense, all animals are subject to
mineral deficiencies. These may be caused by: (a) a
suboptimal amount of a specific mineral in the feed; (b)
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an imbalance of another mineral or nutrient including
certain vitamins, amino acids and fats, any of which
could decrease absorption; (c) any condition which
increases the rate of passage of the minerals through
the intestine, such as diarrhea; and (d) the presence of
a metabolic antagonist which causes the animal to
requ ire a greater quant i ty of the needed element. (4)

Imbalances and deficiencies are not synonymous
conditions, but either condition may lead to the other.
The net result is less than optimum mineral nutrition
for the animal.

The pathways for excretion and rates of excretion
of mineral elements vary. Some are excreted almost
entirely in the feces via the lower bowel; others are
eliminated almost entirely in the urine, while still
others are excreted through both pathways. Certa in
minerals are excreted in minute quantities through the
sweat, and others are lost during the menstrual cycle.
Integument losses from the animal's body may also
occur. (4) Absorpt i on from the 1umen does not guarantee
mineral usage in metabolism.(lO) In some cases minerals
are absorbed but later excreted in urine and feces as
non-metabolized wastes without ever being utilized in
biological processes.

Chelation of minerals (a process by which a metal
atom is sequestered) is employed in some feeding
reg imens in order to enhance the absorpt i on wi thout
regard to mineral metabolism. Ametal chelate is formed
as a ring structure. It is produced by attraction
between the positive charges of certain polyvalent
cations and any two or more sites of high
electronegative activity in a variety of chemical
compounds known co11 ect i vel y as 1igands. Ache1ate
generally requires both an ionic and a covalent bond.
The covalent bond in particular, known as a "coordinate"
bond, occurs because of peculiarities in electron shells
of transition metals and the capacity of the donating
atom of the ligand to contribute two electrons at the
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same time. The word "chelate" is taken from the Greek
word chele meaning "claw," a fairly good descriptive
term for the manner in which polyvalent cations are held
by the metal bi nd i ng agents or 1igands. (12)

If any element is chelated by a ligand which will
carry the bonded mineral into the mucosal cell as an
intact chelate, this chelate may indeed greatly enhance
absorpt i on of that mi nera1. However, if ache1ate
merely releases an ion at the intestinal wall, this is
frequently no more efficient than use of metal salts
because once the ion is released, it is subject to the
mi nera1 absorpt ion 1imi t i ng factors ment i oned above.
Intact absorption is generally more efficient. However,
due to high stability constants, some chelates which are
absorbed are never metabolized. cll

) If a chelate is
absorbed, it occurs because the chelate prevents the
chemical reaction of the element with other substances
in the stomach and intestines to form insoluble chemical
compounds. Che1at ion a1so prevents the strong
adsorption of the mineral onto insoluble colloids in the
intestine. This prevents the ion from being released
back into the lumen. If a chelate is metabolized after
absorption, it occurs because the ligand is capable of
either releasing the cation to other metallic requiring
cellular systems with subsequent metabolism of the free
ligand, or the chelate is able to enter into a system
which requires both the metal and the ligand together.

There are basically three types of chelates which
are recognized as being essential in biological systems:

The first group includes chelates which transport
and store metal ions. In these chelates the metal has
no current function of its own. It does not modify the
properties of the ligand, but instead requires the use
of ligands with the chemical and physical properties
which will allow the metal to be absorbed, transported
in the bloodstream, and pass across cell membranes to
deposit the metal ion at the site where needed. One
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such chelate is transferrin. It chelates absorbed iron
ions which enter the blood and transfers them throughout
the body. The presence of transferri n in the blood,
however, does not guarantee that th i s wi 11 be the
ultimate destination of absorbed or otherwise
administered iron. In the case of iron dextran
injections made to supplement inadequate body iron
1eve1s , some of the iron i s i ncorporated into
transferrin, while the remainder is either eliminated in
the wastes or fixed in the connective tissues at the
site of injection. (13)

All amino acids are particularly effective metal
binding agents, and may be of primary importance in the
transport of minerals from the lumen into the mucosal
cells as well as for storage of mineral elements
throughout the an; rna1's body. As part of ache1ate
molecule these amino acid ligands do not function
biologically as individual amino acids, but as unique
transfer molecules.

Ethylenediaminetetraacetic acid (EDTA) and similar
synthetic ligands may improve the availability of zinc
and certain other minerals for plants by protecting the
cations from precipitating chemical reactions in the
soil. EDTA and similar variants are effectively used in
medicine to hasten the excretion of lead and other heavy
metals from animals poisoned by these metal ions.(l4)
Generally speaking, however, EDTA chelates and similar
analogs, do not enhance mineral nutrition in animals.(ll)

The second group of chelates are those which are
essential to physiology. Many chelates exist in the
animal body in forms which allow the metal ion to
perform its metabolic function(s). The chelated iron in
hemoglobin and the chelated cobalt in vitamin 8-12 are
such examples of this group of chelates. Without its
iron moiety, the hemoglobin molecule could not transport
oxygen. On the other hand, if the i ron were not
chelated, the hemoglobin could not effectively bind and
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release the oxygen for metabolic use.(15) Metals which
are chelated into enzyme systems and function as part of
a metalloenzyme are other examples of metabolically
essential chelates.(16)

The third group of chelates consist of those which
interfere with utilization of essential cations. Many
metal chelates are probably formed "accidentally" and
consequently have no useful biologic value. In Table 1
numerous enzyme systems are listed. Many can be
deactivated or inhibited when the wrong metal forms a
chelate within the enzyme.(l7) One should note the
variety of cations required for the catalytic functions
of these enzymes. Without them the enzymes will cease
to function. This is a necessity which is frequently
overlooked by many who relegate mineral nutrition to its
structural role in bones and teeth and are unaware of
the importance of minerals as enzyme cofactors in basic
metabolism.

Table 1

Enzymes Whi ch Are Infl uenced by Mi nera1s (Modi fi ed from Schut te (lJ»)

Column I. The trace element (or mineral element) constitutes the
prosthetic group.

Column II. The trace element (or mineral element) is an active part of the
prosthetic group, or is incorporated into the enzyme itself.

Column III. Elements with integrating function(s) that are not understood,
as yet. El ements need not be speci fi c and may replace each
other.

Column IV. Facultative Activators.
Column V. Inhibitors of enzyme activity.

ENZYME

Carbohydrases

II III IV v

Na,K,Li,Br, F,I
Sr,Mg,Ca,Ba

u-Amylase (animal) Cl

Lysozyme
,B-D-Glucosidase
Hyaluronoglucos
aminidase

K
S203, CN ,S I ,Cu
S
K,Na,Ca,Ba, F,Mg
Fe,Mn,Br,
I,SO.,N03
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(Table 1 continued)

ENZYME II III IV V

Esterases

Deoxyribonucleases Mg,Mn,(Ca) Ca,Ba
Zoolipase Ca,Mn,Cl Pb,Mn,Na
Lipoprotein lipase W,Mo,Si
Cholinesterase Ca Co,Ba,Mg,Cu, S F

Mn
Acetylcholinesterase NaCl
Phosphatidylcholin- Mg
esterase

Alkaline phosphatase Zn,Co,Mn,Mg Ni , Fe++,Ca MgSH,CN
Acid phosphatase Co Ca,Mg,Co,Ni F,Mg
Acid phosphomono- Mg Co Ni
esterase III

Fructose- Mg,Mn Co,Ni ,m,OJ
bisphosphatase

Nucleotidase Mg Zn,FeH-,A],
Cu++

Ribonuclease F
Prostataphosphatase Ce,La
Tropinesterase KC1,NaBr, F,CN

KCNS, MgSO.,
CaC1 2 ,Na,
Cl,NaI

Phosphoprotein Mo
phosphatase

Phosphatidate Mg C3,B3.,M],~

phosphatase
Arginine deaminase Fe
Arylsulphatase NO,Cl
Deoxyribonuclease Mg,Mn Ca F
Type I

Deoxyribonuclease Mg F
Type II

Micrococcal Ca F
endonuclease

Amidases

Defence proteinases S SH Sch-Me
Proteinases in general K
Cathepsins S,CN,SH, Fe Sch-Me

S203' S03 (Hg,Cu)
Coagulation factor Xa Ca
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(Table 1 continued)

ENZYME II III IV V

(Amidases continued)

Trypsin Ca, Mn, NH.,
MgSO.

Chymosin Ca Rare Earths
Enteropeptidase Ca
Pepsin A H,Cl
Aminoacyl-histidine Zn,Mn PO., P20J , F
dipeptidase

Peptidases Mg,Mn,Zn, Zn,Co
Fe++,Co++

Dehydropeptidase I S,CN
Folic acid conjugase SHg,Ca
Tripeptide aminopeptidase Mn
Aminopeptidase Mn,Mg Mn,Zn CN, S, P2OJ ,

Fe++, Pb++,
1-9++, Cu++

Aminopolypeptidase Co,Zn Zn,Co
Cysteinyl-glycine Mn,Co,Fe
dipeptidase

Glycyl-l-leucyl- Mn
dipeptidase II

Glyclglycin- Co,Mn Zn
dipeptidase
Glycyl-l-leucine- Mn Zn, PO. Ca,(Zn-~.)

dipeptidase I
Proline dipeptidase Mn,Cd po., PzOJ , F,

S,CN,Ag
Prolyl dipeptidase Mn Sn,~,F,

Fb++,Cd++,
P2 0J

Tryptic carboxy- Zn Mg
polypeptidase

Catheptic carboxy- CN
polypeptidase

Histidine ammonia-lyase Cd++,KCN
NAD(P)+ nucleosidase N0 3 , N0 2 , NH. Zn
Arginase Cd,Mn Fe++,Co,Ni Ca,Fe,Ni B,Zn

Cd,V
Asparaginase Cu,Hg,Ag
Glycocarbaminase Mn
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(Table 1 continued)

ENZYME II III IV V

Phosphohydrolases

Pyrophosphatases Mg Mn Al,Mg,Zn,Zr, Ca,F
Th,Pb,Fe,Co,
La,Ce,Y,CN

Polyphosphatases Mg
Adenosinetriphosphatase Mg,K Mg Ca,Na
Triphosphatase Mg,Fe,Co
Apyrase Ca
ATP-Pyro- Cl,Br
phosphatase

Oligometa- Mg,Mn,Co,Zn Ca,Ba,Al ,Ti, CN,F
phosphatase Fe,Ni ,Cu,Zr,

Th,Pb,La,Ce,
Nd,Sm,Y,Pr

Polymeta- Mn,Mg,Zn Ag,Hg++
phosphatase Ca,Pb

Phosphohalogenase Mn,Co Hg++,Zn
Cu++, Pb++
(Mn)

Hydrolases with varying
substrate specificity

C-C-Hydrolases B6 -PO"
Alkylhalidase Cl,Br
Iodine-tyrosine- I
deiodase

Di-isopropyl- Ca,Mg,Co,Mn Hg Hg++,Cu++
fluorophosphatase

Transglycosylases

Phosphorylase Mg

Transphosphatases
(Kinases)

Glucose-l- AsO"
phosphate --->

amylose-trans-
glucosidase
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(Table 1 continued)
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ENZYME II III IV V

(Transphosphatases Kinases continued)

Saccharase ---> As04

ortho-phosphate-
transglucosidase

Adenylate kinase Mg
Creatin kinase Mg
Arginine kinase Mn Mg
1,3-Diphospho- Mg K, NH4

glycerate --->
ADP-Trans-
phosphatase

Pyruvate kinase K, Mg, NH 4 ,

Rb
Hexokinase Mg
6-Phosphofructo- Mg K, NH4

kinase
Galactokinase Mg,Mn
Phosphoglucokinase Mg,Mn
Gluconokinase Mg
Ribokinase Mg
ATP---> Nucleic Mg,F P04

acid-trans-
phosphatase

Riboflavin kinase Mg,Mn
Adenosine kinase Mg,Mn
Phosphoglucomutase Mg F
FMN adenylyl- Mg
transferase

FMN adenylyl- Mg
transferase

ATP ---> NAD- Mg,Mn
Transphosphatase

Aminotransferases

Amino transferases Mg,NH4 ,C02

Glutaminyl-peptide Mn, P04

-glutamyltransferase
Aspartate aminotransferase Mn, P04

Carbamoyltransferases Mg
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(Table 1 continued)

ENZYME II III IV V

Transmethylases

Transmethylase Mg,Ca CN,F,Ca

Acyltransferases

Acetyl CoA Mg K, NH., Rb Na,Cs
synthase

Choline PO. ,Ca , Mg , K
acetyl transferase

Special Transferases

Transketolase Mg PO.
Thiosulfate S203' Cu As03
sulfurtransferase

Anaerobic Transhydrogenases

Succinate Fe PO. Ca,Al,Co,
dehydrogenase Rare Earths

Oxalate Mg
dehydrogenase

Choline Co
dehydrogenase

Thiamine Mg
dehydrogenase

u-fJ-Unsaturated Cu
Acyl-CoA-
reductase

Saturase Mn,Cl
Monodehydro- PO., AsO.
ascorbate
reductase

Alcohol Zn
dehydrogenase

Glutathione disulphide Mg, Mn, PO. NaCl
reductase (NAD(P)H)
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(Table 1 continued)
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ENZYME II III IV V

Aerobic transhydrogenases

Amine oxidase Cu,Fe PO., Mo, Fe
(flavin containing)

Amine oxidase Cu Co PO. CN,Ca
(copper containing)

Xanthine oxidase Mo,Fe PO. CN,Cu
Aldehyde oxidase Me NH., W
Aldehydmutase Mo

Anaerobic transelectronases

NADPH dehydrogenase PO.
NADH dehydrogenase Fe++, PO. CN Cu,Zn,Mn,

Ca,~,P04'

P2 0
"

V

Aerobic transelectronases

Cytochrome c oxidase Fe C1
Monopheno1 Cu PO.,Ni ,CO,V K,Mg,Ca,Zn,
monooxygenase Mn,A1,Fe

Urate oxidase Cu Mn CN,F
Luciferin Mg PO., Mn P2 O,
4-menooxygenase

Hydroperoxidases

Peroxidase Fe+++ NO), I
Dioxymaleic acid Mn,Fe+++ F
oxidase

Ferro-peroxidase Fe++
Lacto-peroxidase Fe+++
Myclo-peroxidase Fe+++
Catalase Fe

Special redoxases

Homogentisate Fe++
1,2-dioxygenase

Lactonizing enzyme Mn
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(Table 1 continued)

ENZYME

Decarboxylases

II III IV V

Oxylacetate-,B
carboxylase

Malate
dehydrogenase

Malonate
decarboxylate system

Succinate
decarboxylate system

Isocitrate
dehydrogenase

Pyruvate
dehydrogenase

Triosephosphate-lyases

PO., Mn, Cd, Mg
Co
Mn Mg

PO. Mg,Mn

PO., Mn

PO., Mn, Co Mg

Mg Mn

Fructose-bisphosphate
aldolase

Asparate ammonia- Mg
lyase

Hydratases and dehydratases

Me
Cu
Co,Cu

Zn,Fe++,Co++,B

Aconitate hydratase
CN,S,F,Cu,Hg

Enolase Mg
Carbo-anhydratase Zn

Isomerases

Fe++

Mn,Zn F,Hg
CN,S

UDP-glucose-4-epimerase
Phosphoglucomutase
Phosphoglyceromutase

C-N- and C-S-lyases
and synthases

Cystathionine
-lyase

Mg,Mn,Co

Zn,Mn,Mg

Mg
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In summary, there are many types of chelates, both
natural and synthetic. In addition to medical
functions, such as removal of certain isotopes or
poisonous metals from the animal's body, chelation can
also be used in the deactivation of bacteria through
metal deprivation.(18) Nutritionally, amino acid
chelates are used to enhance trace metal delivery to the
body. (19) For that to occur, the stab; 1; ty constants of
the chelating bonds must be compatible for intact
absorption while maintaining availability for
degradation at the sites of metal usage in the body. (20)

The molecular weight of the chelate must also be kept
low to promote intact absorpt ion. (21)

The science of chelation as it relates to the
nutrition of domestic animals is coming of age. The
advantage of using amino acids to chelate essential
minerals and render them more biologically available to
the animal offers greater possibilities to regulate the
amount of a given metal ion at the cellular level than
techniques heretofore used.
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Chapter 2

FACTORS WHICH AFFECT THE INTESTINAL
ABSORPTION OF MINERALS

H. DeWayne Ashmead
Albion Laboratories, Inc.

Hugo Zunino
University of Chile

The Periodic Table contains at lrast 104 elements,
81 of which are considered minerals.() With certainty
seventeen of these minerals (and probably two others)
are deemed essential for the vital functions of animals.
The concept of determining if a mineral is essential or
not has evolved as a consequence to the development of
more sophisticated analytical techniques and
equipment.(2) It is probable that as scientific
methodologies are perfected and artificial diets become
more sophisticated, additional mi~erals will be added to
this 1ist of essential elements. ( )

The primary source of essential mineral elements
for all biological systems is the soil.(4) With the
exception of animals retrieving minerals from this
source through natural salt licks, only some plants and
certain microorganisms are able to extract simple
organic compounds and ions from the soil, without
depending on organic metabolites which have been
prefabricated by other organisms. Life forms having the
capability to extract soil ions for direct use (other
than as salt licks) are termed autotrophic. For the
most part, animals, which are heterotrophic, must
secondarily find (or catch) their metal nutrients in
prepackaged forms. Ultimately all animals are dependant
upon plants as the primary source of their
unsupplemented mineral nutrition. Any deficiencies
experienced by plants have far-rea~hing consequences to
the animals which depend on them.()

21
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Animal feedstuffs can be organized into six basic
groups: protei n, carbohydrates, 1i pi ds, vi tami ns,
mi nera1s, and water. (6) The mi nera1 group exerc i ses
three bas i c funct ions. (7)

The first function relates to the role of minerals
in the growth and maintenance of both hard and soft body
tissues. Obviously, elements such as calcium and
phosphorus as well as magnesium, contribute
substantially to the hardness of bones and teeth by
formi ng mat ri xes or comp1exes that are fundamenta11 y
inorganic in nature, while others such as phosphorus,
sulfur, zinc, and magnesium make up important components
of soft tissue; fluorine, zinc, and silicon play roles
in the formation of proteins and fats that compose the
body. (8)

Minerals also preserve cellular integrity through
their roles in maintaining the osmotic pressure between
the intra- and extracellular fluids, the acid-base
balance, membrane permeability and tissue irritability.
Although not directly related to animal growth, one of
the most dramatic examples of the types of roles
minerals can play in growth is seen in the development
of the bacterium, Escherichia coli. A culture of this
microorganism can double in size every 20 minutes in a
medium containing only glucose and minerals. In that
period of time, the chemical components of the medium
become incorporated into the expanding protoplasmatic
mass and are converted, through an intricate series of
biochemical reactions, into approximately 2,500 proteins
of differing compositions including a wide range of
nucleic acids and over 1,000 organic non-protein
compounds. (9)

The second basic function played by minerals is in
the regulation of physiological and biological processes
in the animal. For example, the same calcium which is
essential for bone development, is equally necessary in
the proper functioning of the nervous system, for blood
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coagulation, for regulating permeability in cellular
membranes, for the contraction of cardiac muscle, etc.
Vanadium, as an essential trace element, regulates
cholesterol and phospholipid synthesis. Copper is
related to the synthesis of hemoglobin, regulating
thereby the oxidative processes in the animal.

In their role as regulators of body processes, the
essential minerals function as catalysts in enzyme and
hormone systems and as integral and specific components
of metalloenzymes such as those seen in Table 1. They
may also function as less specific activators within
certain metalloenzymes.<e.l0) In a metalloenzyme the
metal is chelated to the protein moiety with a fixed
number of metal atoms per mole of protein. Upon removal
of the metal, enzyme activity ceases.
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I Table 1 I
Some Essential Metalloenzymes in Animals

Metal Enzyme Function

Iron Ferredoxin Photosynthesis
Succinate dehydrogenase Aerobic oxidation of carbohydrates
Cytochromes Electron transfer
Catalase Protection against HzOz

Copper Cytochrome oxidase Terminal oxidase
Lysyl oxidase Lysine oxidation
Ceruloplasmin Iron utilization
Superoxide dismutase Dismutation of the superoxide free

radical (Oz -:)

Zinc Carbonic anhydrase COz format ion
Alcohol dehydrogenase Alcohol metabolism
Carboxypeptidases Protein digestion
Alkaline phosphatase Hydrolysis of phosphate esters
Thymidine kinase Thymidine triphosphate formation
RNA and DNA polymerases Synthesis of RNA and DNA chains

Manganese Pyruvate carboxylase Pyruvate metabolism
Superoxide dismutase (as above)

Molybdenum Xanthine oxidase Purine metabolism
Sulphite oxidase Sulphite oxidation

Selenium Glutathione peroxidase Remova1 of HzOz

The third major function of minerals lies in the
generation of energy. This does not mean that minerals
of themselves are sources of energy; nevertheless, they
participate as essential co factors in enzymatic
reactions which chemically transform foods into other
metabolites, thus freeing energy to be used in other
functions. To illustrate this concept in part, it
should be noted that calcium, magnesium, phosphorus,
manganese, and vanadium are all utilized in one form or
another in the synthesis and formation of high-energy
bonds in compounds such as ATP. (11) In the case of
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phosphorus, every physiological event involving gain or
loss of energy and almost every form of energy exchange
within all animal cells includes the making or breaking
of high energy phosphate bonds and requires that
phosphorus be present. (e)

Accord i ng to the tota1 amount requ i red by the
animal, essential minerals are normally classified into
two groups: macronutrients and trace elements.
Although some believe that because of the low quantity
of micronutrients required as compared to
macronut ri ents, the former are not important in the
daily diet. This is not true. For example, calcium, a
macroelement, is used in great quantities in bone
synthesis for growth, but without the trace element,
cobalt, growth is retarded as if there were a manifest
deficiency of dietary calcium. A cobalt deficiency can
start a chain reaction in the animal that can lead to
inadequate metabolism of both protein and lipids which
i s further man i fested as a lower growth rate. (12)

For the above reasons, as well as others that are
outside the scope of this discussion, it is extremely
important that there be little or no interference in the
intestinal absorption of essential minerals. While lack
of interference would be desirable, this is generally
not the case. There are numerous antagonistic factors
which cause less than optimal absorption of many
minerals. Consequently, there are numerous variations
in the absorption rates and levels of the same mineral
under different gastrointestinal conditions.(13)

It is commonly known that certain minerals can
interact with each other and mutually affect each
other's absorption and metabolism.(3) The more metabolic
processes in which a certain mineral is involved, the
greater will be the possibility of its interacting with
other minerals. Some of these interactions are shown in
Figure 1.(3) The arrows indicate antagonisms between
mi nera1s as they compete for intest ina1 absorpt ion.
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These interactions may be grouped into six basic
categori es. (14)

p Co

Na

Ag

Cd
Be

Cu

Figure 1. Mineral interrelationships in animal
metabolism. The arrows indicate antagonism between
elements. For example, calcium is antagonistic to
zinc. Magnesium and calcium are mutually
antagonistic.

The first group consists of interactions which
produce insoluble precipitates as a reaction product.
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This may occur when two or more minerals in the lumen
compete for the same anionic electron-bearing ligand.
The ligand may be an organic compound, such as phytic
acid, or an inorganic compound, such as phosphate. (15.16.17)

Mineral competition for a specific dietary ligand
depends on various factors including the association
constants of the mineral-ligand compound and the
sol ubi 1i ty of the product formed. (14)

When a soluble mineral salt is ingested, it is
normally ionized in the stomach. The acid pH of the
stomach tends to encourage solubility. However, as the
pH elevates in the intestines, the solubility
characteristic is lost, and the metal tends to bind with
an an i on or 1igand. (13) Th is genera11 y occurs in the
jejunum and ileum where the metal ion is sequestered by
such molecules as metal-acid radical complexes which are
very stable and highly insoluble, thus rendering the
mineral unavailable for absorption. In order to be
absorbed, the metal ion must be soluble in the
intestinal medium. (17) For example, in a precipitated
phytic acid salt state, the mineral cannot be
transported by carri er protei ns across the cell ul ar
membrane of the mucosal ce11 s. (18) As the 1eve1 of
phytic acid increases in the feedstuffs, the absorption
of certain essential elements, especially calcium and
zinc, proportionately decreases.(lg)

The same general principle discussed in relation
to phyt i c ac id app1i es to other substances that are
found in the normal diet which can also form complexes
or insoluble salts with various cations. For example,
calcium, magnesium, zinc, manganese and iron all react
with organic phosphates to form low solubility products.
Some phosphates, such as calcium phosphate, which are
somewhat soluble in the acid environment of the stomach
may interfere with the uptake of other minerals when the
dissociated phosphate anion reacts with another cation,
such as iron, to form an insoluble precipitant: iron
phosphate. In the particular case of iron, the
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precipitation with phosphate can result in a drastic
decrease in absorption, and if severe enough, the animal
coul d exh i bi t signs of iron defi ci ency anemi a. (20.21.22.23)

Table 2 demonstrates the influence of phosphates and to
a lesser degree, calcium, on the absorption of iron. (24)

Table 2

Influence of the addition of inorganic calcium and
inorganic phosphorus on the absorption of iron

Mineral content of meal (mg)

Ca P

59Fe absorpt i on*

(%)

24
24

202
202

40
414

40
414

2.2
1.5
1.5
0.6

*All mean iron absorption rates tested were
significantly different at the P<O.005 level.

The second group of mineral interactions involves
competition between ions for the active transport
carriers which convey the cations from the lumen to the
cytop1asm of the intest ina1 ce11 s. (14.25) The carri er
molecules traverse the intestinal mucosal cell
membranes. These molecules are composed of tiny
protei ns. Through thei r funct i ona1 e1ectron-beari ng
groups, they have ample capacity to complex and/or
chelate the free cations from soluble salts which are
found in the intestinal tract. (26) Since the ions must
bond with the carrier proteins in order to be absorbed,
a physio-chemical competition between the cations for
the active protein sites can result. This competition
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can occur between trace elements, macroelements, or
both. (27)

Figure 1 demonstrates these types of inter
actions.(3) The affinity of each essential mineral ion
for the electron-bearing atoms of the carrier protein
depends on their electronic configuration and their
positions in the Periodic Table of Elements.(28,31,32)
Thus, iron and copper are mutually antagonistic, since
both elements share the same carrier molecule in the
cell membrane. (29) Norma11 y, there is a suffi ci ent
amount of the transport molecule, transferrin, to carry
both elements across the mucosal cells. However, if
iron and copper salts in the diet are excessively
increased (i.e. through a heavy intake of unbalanced
mineral supplements), iron absorption is inhibited by
the copper because of a greater affinity of copper for
transferrin.(29) In this case the animal can display
symptoms of iron deficiency anemia due to excessive
dietary copper intake. This has been shown
experimentally in Table 3,(~) where both hemoglobin and
hematocrit levels drop, and iron is sequestered in the
liver.(30) In this particular experiment, a basal diet
of 8.5% mixed grain protein was supplemented with iron
alone, copper alone, or iron and copper together.

I Table 3 I
Effect of supplementing the Basal Diet (8.5%
mixed-grain protein) with Iron or Copper, or
both Iron and Copper

Basal +Fe +Cu Fe+Cu

Hemoglobin (%) 10.4 9.2 11.3 9.8

Hematocrit (%) 31 28 38 30

Liver Fe (ppm) 183 198 187 211
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The th i rd group of mi nera1 interact ions i nvo1ve
the reduction in the capacity of body cells to
synthesize metal-binding proteins, due to interferences
produced by spec i fi c react ions to some non-essent i a1
heavy metal s. (33.34) The enzymat ic act i on necessary for
the building of a carrier protein can be blocked by
displacement of a certain specific cation activated by
another exogenous metal. When this happens, the enzyme
may function equally well, or may be completely
inhibited, depending on the particular enzymatic system
involved, and the mineral displaced.(lO) To illustrate,
lead has an inhibiting effect on the anabolic route
regulating the synthesis of the porphyrin fraction of
the hemoglobin molecule.(35) In the first stages in
hemoglobin formation, the glycine is converted into
alpha amino levulinic acid, two molecules of which
condense to form one molecule of pyrrol. Ultimately,
two pa irs of pyrro1s bond together formi ng a 1arge
porphyritic ring, which later undergoes a slight change
in structure in one of the lateral groups of the ring.
This change is a requirement for the reaction with iron.
The most important enzyme catalyzing the condensation of
alpha-amino levulinic acid in pyrrol is activated by
zinc, but inhibited by lead.(36) Excessive amounts of
lead can result in a lower production of hemoglobin and
promote anemi a. (37)

A fourth group of mineral interactions is related
to the previous one. In the previous group, the metal
activates the enzyme. In the fourth group, the metal is
an integral part of the enzyme, thus forming a
meta11 oenzyme. In these compounds, as the metal is
replaced or removed, the enzymatic action can either be
accelerated or blocked. For example, as shown in Table
1, in the metalloenzyme, carboxypeptidase, zinc is an
integral part. The zinc may be inhibited from entering
into the enzyme by cabal t . Wi thout the zinc, the
peptidase activity is reduced.(~) When cobalt replaces
the zinc in the enzyme, the peptidase activity of the
enzyme will double. If either manganese or nickel
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replace the zinc, peptidase activity is retarded.(39)
Thus, the replacement of the zinc by other metals in
that particular metalloenzyme has the potential of
ultimately affecting the protein nutrition of the animal
because carboxypeptidase is proteolytic, catalyzing the
hydrolyses of carboxy-terminal peptide bonds in peptides
and proteins.

The fifth group of mineral interactions is related
to the transport and excretion of minerals which occur
specifically in the cells of the intestinal mucosa.
Even though taken up by the intestinal cells, minerals
may be returned to the lumen by those same cells without
ever being utilized by the body. This stagnation and
excretion can result in the replacement of a variety of
metals at the same time.(40) The phenomenon usually
occurs only where specific interrelations exist between
metals promoting competition for specific transport
mechan isms. (41)

The sixth group of mi nera1 interact ions i nvo1ve
chain reactions consequential to the previous groups.
In the previous examples, each group of reactions was
considered as being separate. Generally, however, more
than one such interaction will be operating at the same
time. For example, if a certain cation is precipitated
by a given ligand making it insoluble in the intestine,
then it cannot be absorbed, as has been indicated.
Therefore, certain enzymatic reactions in which that
specific metal is essential will be affected and may be
halted or retarded. These enzymatic reactions may be
related to the production of other proteinaceous
substances: hormones, carri ers, or enzymes that are
required at the intestinal mucosa for the absorption of
some other metals. At that point, the efficient
absorption of the other minerals is also affected. In
this manner, the original precipitating ligand may block
the absorpt i on of more than one essent iale1ement,
although the 1igand only precipitated one mineral. (14)
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Huisingh, et ~., demonstrated the complexity of
these interactions while working with copper,
molybdenum, and sulfur in ruminants and non
rumi nants. (.8) They cons idered three separate
interactions, the formations of unavailable CuMoO. and
CuS and the i nh i bi t i on of MoO.2- Uptake by SO.2-- They
showed that these mechani sms are dependant upon each
other since the formation of either CuMoO. and Cu2

+ and
MoO.2- or S2-from SO.2-1 n the gut woul d 1imi t the abi 1i ty of
MoO.2- and SO.2- to precipitate in the 504

2
- x MoO.2

interact i on . (14)

Not only do interactions between minerals
interfere with cation absorption, but vitamins may also
have both negative and positive effects on mineral
uptake. It is commonly known that vitamin D influences
the absorption of calcium. (33) The effect of vitamin C
on the absorpt i on of iron i sal so we11-known. (.3) When
these vitamins are absent, the absorption of
calcium/iron, which are ingested as metal salts,
significantly diminishes. On the other hand, the excess
of another vitamin, such as niacin, can inactivate
vitamin D which is necessary for the absorption of
calcium.(··) Niacin can thus cause hypocalcemia, even
though the levels of calcium from a salt and vitamin D
in the diet appear to be adequate. Some of the clearly
elucidated synergistic relationships between vitamins
are shown in Fi gure 2. (.4)
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A

PantothenIc

Niacin

K

B 12

D

BIotin

Figure 2. The synergistic relationships of
vitamins. Dietary increases in Vitamin E, Bl, and
Niacin have no effects on Vitamin A, folic acid, and
Vitamin Bl, respectively. In all other cases a
dietary increase of a specific vitamin will
influence body requirements for the other vitamins
connected to that vi tami n by the 1i nes in th is
figure.

The quantity of fat in the feed can also affect
the absorption level of a given mineral. High fat diets
promote the formation of insoluble soaps of fatty acids
and calcium. This results in steatorrhea and a
reduction in calcium absorption.(46) Most of these
interferences obviously depend on the quality of the fat
in the diet and the chemical form in which the mineral
element i s found. (14,47)
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Another important consideration in dietary
formulations which may affect mineral absorption is the
quantity of non-digestible fiber in the feedstuffs. It
has been demonstrated that fiber may reduce the
absorption of many minerals. In nutritional balance
studies, there were appreciable decreases in the
intestinal absorption of calcium, magnesium, zinc and
phosphorus in the presence of high fi ber diets. (49) The
loss of these elements through the feces correlated well
with the increase in dry fecal material (which was
directly proportional to the increase of non-digestible
fi ber in the diet). These stud ies in non-rumi nants
showed that the minerals were physically adsorbed and
chemi call y bonded by the fi ber, and reta i ned in the
feces. Since some high-fiber feeds contain high levels
of phytic acid and, in some cases, oxalic acid, mineral
absorpt i on may be further reduced through the
precipitation of metal ions bonded to these organic
acids as previously noted.

The chemical environments of the stomach and
intestines are additional conditions affecting the
percent of mineral absorption. In unpublished research,
it was shown that absorption of magnesium increased when
the rumen was buffered wi th MgO. (49) Di fferent areas of
the small intestine vary in their capacities to absorb
a given metal ion due to changes in pH. A solution
containing 45Ca was introduced into the intestinal
lumens of twelve individual rats. Thirty minutes later
the intestinal segments were excised, ligated into nine
equal segments (segment II includes the duodenum, from
the pylobus to the ligament of Treitz), and assayed for
calcium uptake in a gas flow B-counter. The results are
shown in Figure 3 and demonstrate the decreased
absorption of calcium as it descends through the small
i ntest i ne. (51) The lower absorpt ion is a funct i on of pH
and not morphological changes. (13)
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Figure 3. The absorption of calcium as it descends
the small intestine.

With the exception of the al kal ine-earth ions (Na,
K, Ca, Mg), the metallic ions tend to form insoluble
precipitates as the pH increases, which process
increasingly occurs in the distal portion of the small
intestine. Generally speaking, the more alkaline the
chemical environment of the lumen, the lower is mineral
absorpt ion. (50,51) Certa in dietary components may increase
the pH of the gut to a higher than normal physiological
level, which further inhibits the absorption of
essential mineral elements when ingested as salts.
Figure 4 demonstrates this concept. (52)
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Figure 4. The solubility of minerals at different
pH levels.

The absorption of a given mineral from the lumen
to the interior of the mucosal cells depends in part on
the capacity of the element to be bonded to the
transporting proteins embedded within the membrane of
the intestinal cells. Any factor that inactivates the
carrier proteins or affects the chemical bonding
capacity of the cation, such as reducing its solubility
in the digestive tract, will cause a consequent
reduction in the absorption of the cation. There are no
exi st i ng general rates of absorpt ion that are
universally accepted for essential elements in the form
of salts.(lJ) Absorption varies in each particular case.
According to Suttle,(14) these variations are primarily
due to the chemical form of the ingested mineral and the
degree of structural similarity it has to the effective
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chemical form in which it is absorbed from the
intestinal content. In other words, in the final
analysis, the chemical interactions between the nutrient
in the diet and the components of the intestinal
envi ronment are what determi ne the degree of absorpt ion.
There is more than one mechanism available to transport
an essential mineral through the intestinal wall towards
the bloodstream. The system used wi 11 depend on the
chemical form of the element when it reaches the mucosal
membrane of the intestinal cells.

This concept regarding the chemical form of the
mineral and its relative susceptibility to absorption is
shown in Figures 5 through 8. In a series of
experiments , metal sin di fferent chemi cal forms were
exposed to the intestinal mucosa for specific times.
Absorptions of these different forms of the same metal
were compared as a function of time in vitro. (35,53) In
this particular series of experiments, all potentially
i nterferi ng factors normally found in the i ntest ina1
environment were removed, thus allowing for optimum
absorption. The following figures clearly demonstrate
the di fferent rates of absorpt i on of the di fferent
chemical forms of the same metal.
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different sources.
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Figure 6. The intestinal absorption of zinc from
different sources.
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from different sources.
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These figures show the increased absorption
resulting from an essential mineral in the form of amino
acid chelate. The absorption of iron from the amino
acid chelate increased 1.7 times compared to ferrous
carbonate, 3.8 times compared to ferrous sulfate, and
4.9 times compared to ferric oxide. The amino acid zinc
chelate was absorbed in the intestine 2.2 times more
than zinc as a carbonate, 2.3 times more than zinc as
zinc sulfate, and 2.9 times more than zinc as zinc
oxide. In the case of copper, 4.1 times more metal was
absorbed from the chelate than from the oxide, 2.7 times
more than from copper carbonate and 2.8 times more than
from the sul fate. The magnes i urn from the ami no ac id
chelate was absorbed from the intestine 1.2 times better
than magnesium as a carbonate, 2.6 times better than as
a sulfate, and 4.1 times better than as an oxide.
Clearly the absorption rate of a metal is dependant on
its chemical form.

It is important to understand the complexity of
mineral absorption before examining forms of minerals
that optimize absorption and circumvent the majority of
the problems discussed above. These amino acid chelates
will be examined in detail in the following studies
illustrating their potential and effectiveness both in
the therapeutic field as well as in the field of
prophylactic nutrition.
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Chapter 3

COMPARATIVE INTESTINAL ABSORPTION AND
SUBSEQUENT METABOLISM OF

METAL AMINO ACID CHELATES AND
INORGANIC METAL SALTS

H. DeWayne Ashmead
Albion Laboratories, Inc.

As noted in the previous chapter, when considered
in its most basic terms, animal nutrition is the optimal
intake of protein, carbohydrates, fats, vitamins,
minerals, and water for growth and maintenance of body
tissues, for energy, and to regulate all of the body
processes. Health and well being of the animal are
dependant upon the opt i mum mi x and intake of these
nutrients. An absolute deficiency of anyone of them
for an extended period will result in death. Minerals,
function in all of the above nutrient roles. This
necessitates having an intake amount of the essential
mineral nutrients to carry out their multitude of
assigned functions. Optimal level is the key. Too much
or too little has an equally deteriorative effect on the
animal as illustrated in Figure 1.

47
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Figure 1. A dose response curve.

As seen in Figure 1, if there is an acute
deficiency or an extreme toxicity of an essential
mineral, death will occur. If the deficiency or the
toxicity is marginal, the health and well being as well
as the performance of the animal will be impaired. Thus
it becomes absolutely necessary to provide minerals that
are "safe" and yet biologically available. The fact
that a mineral is mixed in the feed and is chemically
present does not guarantee it wi 11 be absorbed and
metabol i zed. There are numerous factors that wi 11
positively or negatively influence the bioavailability
of essential minerals. Many of these intrinsic and
extri ns i c factors have been revi ewed by Kratzer and
Vohra and are summarized in Table 1.(1)
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of Metal Amino Acid Chelates and Inorganic Metal Salts

Table 1

Factors Affecting Mineral Bioavailability

Intrinsic factors:

1. Animal species and its genetic makeup
2. Age and sex
3. Monogastric or ruminant (intestinal microflora)
4. Physiological function: growth, maintenance, reproduction
5. Environmental stress and general health
6. Food habits and nutrition status
7. Endogenous ligands to complex metals (chelates)

Extrinsic factors:

1. Mineral status of the soil on which the plants are grown
2. Transfer of minerals from soil to food supply
3. Bioavailability of mineral elements from food to animal

a. Chemical form of the mineral (inorganic salt or chelate)
b. Solubility of the mineral complex
c. Adsorption on silicates, calcium phosphates, dietary fiber
d. Electronic configuration of the element and competitive antagonism
e. Coordination number
f. Route of administration. (oral or injection)
g. Presence of complexing agents such as chelates
h. Theoretical (in vitro) and effective (in vivo) metal binding

capacity of the chelate for the element under consideration
i. Relative amounts of other mineral elements

In the lumen:

1. Interactions with naturally occurring ligands
a. Proteins, peptides, amino acids
b. Carbohydrates
c. Lipids
d. Anionic molecules
e. Other metals

2. At and across the intestinal membrane
a. Competition with metal-transporting ligands
b. Endogenously mediating ligands
c. Release to the target cell
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To review each of these factors is outside the
scope of th i s chapter. The purpose of th i s present
discussion is to examine a single extrinsic factor in
Table 1: the chemical form of the mineral as it affects
mineral bioavailability. It is well established that an
inorganic metal salt has a different absorption level
than a chel ate. (2) Even among chel ates, absorpt i on rates
will vary according to the ligand, stability constants,
molecular weights, etc.()

Because there are numerous ligands including amino
acids, ascorbic acid, citric acid, gluconic acid,
ethylenediaminetetraacetic acid, etc., for the purposes
of this discussion the field of chelates will be
narrowed to deal only with chelates resulting from the
binding of the polyvalent cation to the alpha-amino and
carboxyl moieties of an amino acid to form a five
membered ring. The structure of the ring consists of
the metal atom, the active carboxyl oxygen atom, the
carbonyl carbon atom, the alpha-carbon atom, and the
alpha-nitrogen atom. The bonding is accomplished by
both coordinate covalent and ionic bonding. At least
two and sometimes three, amino acids can be bound to a
single metal ion, depending upon its oxidative state, to
form bicyclic (Figure 2) and/or tricyclic ringed
molecules. Even though the oxidative states of certain
cations would allow for a fourth amino acid to be
chelated to the cation, the bonding angles and the
atomic distances required for chelation would tend to
preclude its occurrence.
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Figure 2. A two dimensional drawing of a bicyclic
chelate of iron with glycine and methionine as
amino acid ligands.

As defined by the American Association of Feed
Control Officials (AAFCO), such a metal amino acid
che1ate as seen in Fi gure 2 is descri bed as, "the
product resulting from the reaction of a metal ion from
a soluble metal salt with amino acids with a mole ratio
of one mole of metal to one to three (preferably two)
moles of amino acids to form coordinate covalent bonds.
The average weight of the hydrolyzed amino acids must be
approximately 150 and the resulting molecular weight of
the chelate must not exceed 800."(4

) An amino acid
chelate is not the same as a metal proteinate which is
lithe product resulting from the chelation of a soluble
salt with amino acids and/or partially hydrolyzed
protei n. 11(15) The 1atter does not descri be ei ther the
stability of the chelate, the molar ratio of amino
acids, or the molecular weight, all of which will affect
mineral bioavailability.(J) The looseness of the metal
proteinate definition allows for loosely defined
products which may not provide reproducible results from
usage to usage. Conversely, since the metal amino acid
chelates are more tightly defined, research results and
expectations in practical usage can be expected to be
more reliable.
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In an experiment comparing absorption capacity of
the amino acid chelates versus inorganic sources of the
same metals, jejunal segments from adult male Sprague
Dawley albino rats beginning ten (10) cm below the
pylorus and continuing for another twenty (20) cm were
de1i neated and removed. The segments were placed in
petri dishes containing a buffer solution and maintained
at 5° C. Each intestinal segment was cut into two
centimeter segments and then severed longitudinally
along the mesenteric line. The segments were
randomized, washed, rinsed, and incubated in KRB (Krebe
Ringers Bicarbonate) solution at 37° C while 95.5%
oxygen and 4.5% carbon dioxi de bubb1ed through the
solution via fritted glass tubes.

The randomized jejunal segments were then exposed
to 50 ~g of copper, iron, magnesium, or zinc for two
minutes. Each of the metals was either in the form of
a salt (carbonate, oxide, or sulfate) or an amino acid
chelate all of which had been dissolved in simulated
gastric solutions before presentation to the intestinal
segments. At the end of the 120 second exposure period,
the segments were washed, rinsed and then assayed for
their metal contents by atomic absorption
spectrophotometry. The resul ts are shown in Tabl e 2. (4)

This table clearly shows that amino acid chelates are
better absorbed into the intestinal mucosa than cations
from metal salts.
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I Table 2 I
Jejunal Uptake of Different Mineral Forms·

Chelate SO. O2 Cal Control

Copper 35 8 11 6 Trace
Magnesium 94 36 23 51 7
Iron 298 78 61 82 53
Zinc 191 84 66 87 14

~Data represent the means and are expressed as ppm
of metal.

The above in vitro experiments were designed to
test the absorption of minerals in an ideal intestinal
environment in which the interfering factors were
eliminated in order to allow optimum absorption of the
mi nera1s. In vi vo work has demonstrated that, after
ingestion, metal salts are generally ionized in the
stomach, providing they are soluble. Assuming that no
interfering chemical reactions occur, the cations enter
the 1umen where they are bonded to carri er protei ns
embedded in the luminal membranes of the mucosal cells.
The minerals are then transported to the interior of the
mucosal cell by passive diffusion or by active
transport. This absorption can occur anywhere in the
small intestine, but it generally takes place in the
duodenum where most metal ions retain their solubility
due to a lower pH. (16)

In the case of an amino acid chelate, the metal
ion in the molecule is chemically inert due to the
coordinate covalent and ionic bonding by the amino acid
ligands. It is not affected by different precipitating
anions as is the case with free metal ions from soluble
salts. Fats and fibers do not interfere with the
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absorption of the amino acid chelate due to the high
formation constant (or the low dissociation constant).
And finally, the absorption of the amino acid chelate
does not require vitamin intervention for absorption as
in the case of some metal ions.

As previously described in the AAFCO definition,
amino acid chelates are formed with one or more amino
acids and must have a molecular weight of less than 800
daltons. If the molecular weight were much larger, it
would be unable to traverse the intestinal mucosal cell
membrane wi thout requ i ri ng further hydro1ys isin the
intestinal lumen.(l7) Since the amino acid chelates act
like low molecular weight peptides(2), it is useful to
study them as such.

After digestion of the proteins found in the diet,
they are rendered into amino acids, dipeptides, and
tripeptides. They are absorbed from the lumen in these
three states. When a small er mol ecul ar wei ght ami no
acid chelate is formed, such as described in Figure 2,
the resulting molecule assumes many of the
characteristics of a dipeptide or tripeptide. Due to
their stability, most amino acid chelates are not
altered in chemical structure throughout the digestive
process. Therefore, the essential amino acid chelated
metal travels through the intestine in the guise of a
dipeptide-like or tripeptide-like molecule. Its low
mo1ecul ar wei ght is the key to its absorpt i on as an
intact molecule. In the case of a high molecular weight
metal proteinate or a metal complex, there is little
chance for survi val in the gastroi ntest ina1 envi ronment.
When a metal is "sequestered" into these structures
which have greater molecular weights than the amino acid
chelate, the resulting molecule may not be able to
transport the ion through the mucosal membrane. If
absorption were to occur, the proteinate must be
hydrolyzed in the intestinal lumen. When this happens,
the bonds between the metal and the organic ligand are
broken, and the capacity to transport the sequestered
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metal is lost. At the same time, the freed cation
becomes subject to all the i nterferi ng chemi cal
reactions found in the lumen that were discussed in the
previous chapter.

Besides being concerned with the molecular weight
of an amino acid chelate, one must also address its
stability constant. The stability constant is a
logrithemic number that describes how tightly the metal
ion is bonded to the ligand(s>. If an amino acid chelate
is stabi 1i zed through a part i cul ar bufferi ng process(18),
its stability constant is modified so that it is not
affected by the acid pH of the stomach and will be
absorbed as an intact mo1ecul e. When on1y one ami no
acid is used to chelate the metal ion, it will not form
a chelate bond that is as strong a chelate formed of two
or more ligands. Two chelating amino acids provide four
bonds (three amino acids provide 6 bonds) into a single
metal atom. The combination of the bonds projecting out
at tetrahedral angles and the steric hindrance of the
chelating amino acid rings impede competing
electrophilic molecules or atoms from disrupting the
chelate bond. Thus, two and three ringed amino acid
chelates are the most stable. If the stability constant
of the amino acid chelate is optimal, the amino acid
che1ate wi 11 a1so be res i stant to the act i on of the
peptidases that break internal peptide bonds, due to the
presence of the metal atom in the mo1ecul e.
Consequently, a properly prepared amino acid chelate
molecule is generally absorbed intact through the
intestinal mucosa.

MacInni s et li. ,(19) have suggested that nearly all
of the mucosal cells in the small intestine are capable
of absorbing amino acids or dipeptides. The amino acid
chelate is absorbed from the small intestine, primarily
from the jejunum, as if it were a dipeptide. It follows
the same absorption pathway through the mucosal cell as
does a dipeptide. As illustrated in Figure 3, when the
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intact amino acid chelate is absorbed into the mucosal
cells, it is believed that through the amino acid
chelate molecule forms a coordinating link with the
gamma glutamyl moiety of glutathione, a tripeptide found
in the mucosal membrane cell s. (20,21,22) After the
formation of a chelate-gamma-glutathione molecule, an
enzymatic breakdown of this complex could then ensue
which could result in the transport of the amino acid
chel ate from the 1uminal side of the mucosa to the
cytoplasm within the cell.

By the act i on of the gamma-gl utamyl transpept idase
enzyme, the che1ate-gl utath ione compound woul d then
degrade to gamma-glutamyl-amino acid chelate and
cysteinyl-glycine. The next step would involve the
cleavage of the chelate by the action of gamma-glutamyl
transferase, degrading it to a 5-oxyoproline and to the
original amino acid chelate, with the same structure as
that present in the 1umen. (20,21,23.24) Us i ng th is pathway,
the active transport of the amino acid chelate from the
lumen to the cytoplasm could be accomplished through two
rapid enzymatic steps. The process would require ATP to
restore the glutathione transporting molecule, in order
to move the next molecule of the substrate amino acid
chelate into the cell interior.
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LLMEN
!\MIt-«) ACID CtELATE

CYTCJlLASM

Figure 3. The membrane transport of an amino acid
chelate demonstrating the biochemical transport
pathway of an amino acid chelate through the
ce11 ul ar membrane. (24)

The final entry of the amino acid chelate into the
cytoplasm could take place at the terminal web of the
mucosal cell and woul d be the resul t of pH changes
coupled with enzymatic action which breaks the linkage
of the transport molecule with the amino acid ligand of
the chelate. The original molecule of the amino acid
chelate would then be able to quickly traverse the
mucosal cell in the direction of the basement membrane
and from there be moved directly into the plasma, as an
intact molecule. There would be no requirement for an
intracellular carrier required to transport the amino
acid chelates through the mucosal cell. Perhaps osmotic
pressure and the kinetic energy of diffusion are factors
that influence its movement.
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In the cytoplasm of the mucosal cell a certain
amount of peptide hydrolysis can take place.(23)
However, the intracellular hydrolysis of the amino acid
chelates occurs less frequently than the hydrolysis of
dipeptides without metal, probably due to the steric
hindrance of the ring structure inherent in the chelate
molecule, as noted above in connection with restrained
luminal hydrolysis. The actual separation of the metal
from its amino acid ligand molecules is believed to
generally take place at the sites of usage, if
hydrolysis is necessary. Most metals function in the
body as parts of amino acid chelates and complexes so
hydrolysis may not be necessary. When hydrolysis does
occur, the coordinating bonds break, possibly due to
enzymatic action together with cellular pH changes that
have lowered the stability constants of the amino acid
chelates, favoring the release of the cation.(27)

The above he1ps to exp1ain the differences in
absorption between the amino acid chelates and the metal
salts which were seen in the jejunal absorption
experiment summarized in Table 2. The differential in
absorption rates can also be assessed visually. To
demonstrate the differences in the mucosal cell uptake
of an iron amino acid chelate and iron carbonate, fasted
experimental animals were fed iron as the chelate or as
the carbonate. Sect ions of thei r respect i ve mucosal
tissues were excised and prepared for examination by x
ray dispersive microanalytical electron microscopy.
Figure 4A shows the unabsorbed iron carbonate on the
microvilli after ingestion, whereas Figure 48 shows the
iron amino acid chelate entering the mucosal cell. The
difference in the i ron content of the two cell sis
dramatic.(5) The data in Figures 4A and 48 also
demonstrate that not only was the iron from the chelate
absorbed in greater quantities, but that its rate of
absorption as a function of time was also greater. When
considered in this light, the data in Table 2
substantiate the same observation.
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Figure 4A. The absorption of iron from iron
carbonate on the microvilli.

Figure 48. The absorption of iron from iron
amino acid chelate on the microvilli.
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As compared to the previously discussed jejunal
uptake studies, in vitro perfusion studies using
isotopes represent a more sophisticated assessment of
the absorption and transfer of metals from the mucosa to
the serosa. In these experiments, rat small intestines
were excised, washed, and everted in an oxygenated (95%
O2 and 5% CO2 ) buffer solution. Fifteen-centimeter (15
cm) segments were cut, tied at the ends and placed in
tandem in separate vessels at 37° C which contained 1 X
10-4 zinc in the mucosal solution. One half of the
segments wereused to measure the transfer of ~Zn from
MZ nC1 2 from the mucosa to the serosa, and the other half
were used to measure the mucosal to serosal transfer of
MZn after being chelated to the amino acid, histidine.
Each hour, for a period of eight hours, a segment was
removed, rinsed and digested prior to scintillation
count i ng to determi ne the total rad ioact i vi ty in the
tissue. Each hour, for a period of five hours, a sample
of the serosal solution was removed and analyzed for the
amount of uZn that had been transferred from the mucosa
to the serosa. Figure 5 shows the moles of zinc per
gram of tissue in the duodenum (A) and in the
jejunum(S), while Figure 6 shows the quantity of ~Zn

transferred to the serosal solution from either
source. (6)
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to the jejunum.
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While at first glance the zinc from the chloride
source would appear to be absorbed better than from the
amino acid chelate source (Figures 5A and 58), the
dynamics of the intestinal transfer are better
elucidated with reference to Figure 6. Less 65Zn from
the amino acid chelate is found in the intestinal tissue
of the duodenum and jejunum than from ZnC1 2 because more
of the zinc has been transferred to the serosa. When
chelated to amino acids, approximately four times as
much zinc was transported to the serosa. From these
figures it is easy to see that the movement of zinc from
the mucosa to the serosa in the form of an amino acid
chelate is not only more rapid than zinc as zinc
chloride, but the quantity of zinc absorbed and
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transferred is significantly higher. When the mucosal
cell is dependant upon internally generated carrier
molecules to transport the zinc to the serosa, as in the
case of ZnC1 2 , the movement appears hindered, or even
blocked. Research demonstrates the possibility of
higher concentrations of zinc from the chloride in the
mucosal cells in vivo where the zinc could possibly
diffuse back into the lumen or be lost as the mucosal
cells containing the untransferred zinc died and were
sloughed off. Similar results as these data presented
on zinc exist for iron.(2)

The following comparative studies involve the use
of radioactive isotopes in vivo, in which labeled metals
chelated to amino acids or as salts were ingested by
live animals and their absorptions and metabolisms
compared.

In the first example, Sprague-Dawley male adult
rats were fasted for 24 hours before being divided into
two groups of eight animals each. While under light
ether anesthesia each animal was given an intra
peri tonea1 dose of 5.0 J-Lg of 65Zn as an ami no ac id
chelate or as zinc chloride. Commencing 1.5 hours after
dosing and continuing every half hour thereafter for
four hours, blood from each an i rna1 was removed by
suborbital bleeding and assayed for ~Zn with a gamma
ray spectrometer. After the 1ast blood sampl e was
removed, all of the animals were sacrificed and their
tissues a1so assayed for 65Zn. Fi gure 7 presents the
mean zinc 1eve1sin the blood of the two groups as
plotted against time. Table 3 presents the amount of ~

Zn found in the assayed tissues of the animals. (7)
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I Table 3 I
Mean 6SZ inc Levels in the Tissues

Tissue Zn amino acid Zn ch1ori de" % Increase
chel ate"

Muscle 186 153 22
Heart 1,457 1,433 2
Liver 10,250 7,529 36
Kidney 8,629 7,797 11
Brain 541 444 22

.. Data are expressed as corrected counts/minute/g of
tissue.

As can be seen from these data, both the
absorption and metabolism of zinc amino acid chelate is
greater than that of zinc chloride. The lower initial
levels of the chelated zinc in the blood (Figure 7)
suggest that the chelate is absorbed at a locus in the
small i ntest i ne that is different than that of the
chloride. Whereas the majority of the ionic salt is
absorbed in the acidic environment of the duodenum~
where solubility of the salt is enhanced, the bicyclic
amino acid chelate is absorbed in the jejunum, intact,
and incorporated into a dipeptide-like molecule. Thus,
one would expect that initially there would be a
s1ight1y lower amount of 65Zn in the blood of the
chelate group until intestinal motility moved the
majority of the amino acid chelate to its primary
absorption site in the jejunum. Until that occurred one
would expect the ~Zn blood levels from the ZnC1 2 to be
higher since the majority of that zinc would be absorbed
in the duodenum. It is significant to note that the
normal sites for absorpt; on of am; no ac; ds and small
peptides and the apparent site of absorption of amino
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acid chelates are in the jejunum. In the latter case,
as an amino acid chelate, the metal is a stable part of
an organic molecule and is not only smuggled into the
mucosal cell as part of that molecule but is also
transported to the blood in the same form. (2)

In a similar study to the one above on zinc,
54manganese amino acid chelate was compared to
54manganese chloride. Two groups of adult male Sprague
Dawley albino rats were fasted for 24 hours and then
orally administered a single dose of 32 ~g of
radioactive manganese as either the chelate or the
chloride. Fourteen days following dosing, the animals
were sacrificed and their tissues assayed for ~Mn. The
delay in sacrificing the animals and assaying their
tissues was to provide time for equilibration. When the
body is loaded with a stable manganese there is a rapid
excretion of old manganese via the bile and a
redistribution of the new manganese within the
tissues. (25) The fourteen days between dos i ng and tissue
assay allowed the distribution of ~manganese to occur
so that true metabolic comparisons between the amino
acid chelate and MnC1 2 could be obtained. The results
are shown in Table 4. (I)
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I Table 4 I
Mean 54Manganese Levels in Tissue

Tissue Mn amino Mn chloride" % Increase
acid

chel ate"

Heart 107 36 197
Liver 106 52 104
Kidney 97 80 21
Spleen 397 190 109
Lung 56 54 4
Sm Intestine 141 89 58
Muscle 28 22 27
Bone 266 112 138

.. Data are expressed as corrected counts/minute/g of
tissue.

As can be seen from Table 4, when the manganese is
chelated to the amino acids, its retention within body
tissues is much greater than when it is gi ven as an
inorganic salt. This suggests that the absorption of
the chelate was also higher, and is further justified by
the fact that 33% more 54Mn from the ch1ori de was
actually recovered in the feces after non-absorption or
excretion back into the bile than from the amino acid
chelate.

A third comparative in vivo isotope study was
designed using calcium in a similar experimental design
as described above. Adult male Sprague-Dawley albino
rats were divided into two groups. After fasting for 24
hours each animal received an oral dose of 1 mg of
radioactive calcium as either calcium amino acid chelate
or as calcium chloride. One week following the dosing,
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all of the animals were sacrificed and their tissues
assayed for 45Ca. The delay in sacrificing the animals
after dosing was not for the same reasons as the
manganese study. In this case, the movement of calcium
ions from CaC1 2 across the mucosal cell requires the
hormonal production of a vitamin Ddependant carrier. (26)

Consequently, time was provided for the movement of
calcium from CaC1 2 out of the mucosal cells and into the
tissues. Table 5 presents the results. (9)

I Table 5 I
I Mean 45Ca1ci urn Levels in the Tissues I

Tissue Ca amino acid Ca % Increase b

chelate" ch1ori de·

Bone 5,772 3,682 57
Muscle 1,206 614 96
Heart 932 642 45
Liver 742 664 12
R. Cerebrum 804 698 15
Kidney 730 686 6
Serum 31 8 288
Erythrocytes 13 19 (-32)
Whole Blood 44 27 63

• Data are expressed as corrected counts/minute/g
of tissue.

b With the exception of the erythrocyte
compartment.

The chelate group excreted 76% less 45Ca in their
feces than the chloride group, indicating greater
absorption. The data in Table 5 indicate that the
calcium amino acid chelate was translocated to the
tissues in greater quantities than the chloride.
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In a fourth series of studies, 4.4 ~c of ~Fe were
utilized as either the amino acid chelate or as FeC1 2 •

The experimental design was similar to those described
above except that pregnant Sprague-Dawley female albino
rats were used. Each of the 15 an imal sin the two
groups was fasted for 24 hours prior to administering a
si ngl e ora1 dose of one of the two forms of iron.
Approximately 72 hours after dosing and one day before
expected parturi t i on the an imal s were sacri fi ced and
thei r tissues and fetuses were assayed for 59Fe. The
delay between dosing and assaying of tissues was done to
allow placental transfer of absorbed iron and
incorporation of that iron into the fetuses. Table 6
presents the resul ts. (10)

Table 6

Mean ~Fe Levels in the Tissues of Mothers and
Fetuses

Tissue Fe amino acid Fe chloridea % Increase
chelatea

Uterus
Liver
Kidney
Spleen
Heart
Lung
Fetus (mean/
Fetus)

4,925
9,675

950
325

1,425
2,925

46

3,333
8,167

567
134
333

1,367

16

48
18
68

143
328
114

188

a Data are expressed as corrected counts/minute/g of
tissue.

The data in Table 6 demonstrate that when iron is
chelated to amino acids, its uptake, and utilization,
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are significantly greater than when equivalent amounts
of iron in the chloride form are ingested. An added
finding in this study is the placental transport of the
iron as the amino acid chelate. Traditionally,
transplacental iron transport has been a difficult feat
duri ng pregnancy. These data i nd icate that when the
amino acid chelate is ingested, more iron can be
translocated to the fetus from maternal blood. Other
studies have indicated that placental transfer of the
iron amino acid chelate effect is primarily due to the
molecular weight of the absorbed chelate (approximately
300 daltons) when compared to iron transferrin in the
blood (approximately 86,000) which is derived from the
iron chloride.(ll) Because the amino acid chelate is
absorbed into the blood intact in the same molecular
form as when it was ingested, the smaller molecule is
more easily moved through the so-called "placental
barrier" than iron attached to the much larger
transferrin molecule.

In another study involving ~Fe and its
incorporation into hemoglobin, 22-day-old male pigs that
had been fasted for 24 hours were given a single dose of
~Fe as either ferrous sulfate or iron amino acid
chelate. The amount of iron given in either oral dose
was the same. Beginning one hour after dosing and
continuing for the next 20 hours blood samples were
taken hourly and assayed for 59Fe in the hemogl obi n.
Fi gure 8 presents the resul ts. (24)
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The data in Figure 8 demonstrate a greater
production of hemoglobin in the baby pigs when the iron
amino acid chelate is fed versus the inorganic salt. It
also shows that more iron from the chelate was absorbed
and incorporated into the hemogl obi n mo1ecul es.
Interestingly enough, the data also substantiate the
observations noted in Figure 7 in regards to absorption
of zinc from the intestine as an amino acid chelate or
as a soluble salt. There is a dip in the iron
absorption from the chloride as intestinal motility
moves it into the jejunum just as there was with the
zinc. On the other hand, while initially lower, the
absorption from the amino acid chelate shortly overtakes
the chloride and then continues to distance itself from
the salt as a function of time.
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In conclusion, it was shown in Table 1 that there
are numerous factors which will affect mineral
bioavailability. One of the extrinsic factors is
interactions with amino acids. The above data
demonstrated that if the interaction is that of amino
acid chelation, the absorption and metabolism of
essential polyvalent minerals are greater than that of
the same metals in the form of the soluble salts.

In Figure 1, a dose response curve was presented.
The animal fails to thrive if it obtains too little or
too much of a specific metal. The greater uptake of the
amino acid chelates could open the door to speculation
that mineral toxicity may occur more readily when these
chelates are ingested. Such is not the case as
demonstrated by numerous toxicity and pathology studies
including LD-50 studies, acute and sub-acute toxicity
and pathology studies and long-term and multi-generation
toxicity and pathology studies. Some of these studies
will be presented later in this book. The detailed
findings will be presented further on in this book. For
the present, suffi ce it to say that the ami no ac id
chelates are considerably less toxic than equivalent
amounts of metal salts.(12·13) When essential minerals are
chelated and presented as intact units to the internal
physiological systems of animals, they are in effect
encased in their protective carriers. These amino acid
units protect the metals from unwanted precipitating
reactions in the gut and have the additional benefit of
protecting the mucous membranes and other tissues
suscept i b1e to i rri tat i on from the effects of non
confined metals.

Thus the use of mi nera1s that are che1ated to
amino acids are not only absorbed from the small
intestine in greater quantities due to their molecular
presentation, but that they are also less toxic in this
protected, sequestered form.
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Chapter 4

INCREASING INTESTINAL DISACCHARIDASE
ACTIVITY IN THE SMALL INTESTINE WITH

AMINO ACID CHELATES

Silvano Maletto, University of Turin
Germano Cagl i ero, Agrolabo, S.P.A.

The primary function of carbohydrates in the
animal is as a source of fuel. Carbohydrates are
degraded to carbon dioxide and lower sugars, and in that
process they release energy. Carbohydrates also
function as the starting material for the biological
synthesis of fatty acids and certain amino acids. They
have roles in the structure of glycolipids,
glycoproteins, heparin, nucleic acids, etc. For these
reasons the efficient digestion and metabolism of
carbohydrates is of paramount importance to the overall
feeding efficiency of the animal. A less than optimal
degree of carbohydrate digest i on and metabo1i sm wi 11
result in poorer feed utilization and increased feeding
costs.

Carbohydrates are classified into three groups:
monosaccharides, disaccharides and polysaccharides. The
disaccharides and polysaccharides are converted to
monosaccharides by enzymatic action in the saliva
(amylase), from pancreatic secretions (pancreatin), and
from enzymes produced in the small intestine
(di saccharidases). (1)

The polysaccharides are composed of glucose and
other monosaccharides which are held together by two
types of linkage, joining the 1 -- 4 carbons and the 1 
- 6 carbons between each monosaccharide unit. The 1 -
4 1inkages form straight chains whereas the 1 -- 6
linkages occur on the straight chains at R?ints where
one stra ight cha in branches from another. () Th is is
seen in Figures 1 and 2. (1,6)
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Fi gure 1. Glycogen conta ins 1i near amylose cha ins,
made by linking carbons 1 and 4 of glucose through
oxygen. Branches occur in the amylose chains where
carbon 6 and a residue are linked through oxygen in
the C-1 terminal of another chain segment.
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Figure 2. A cross-section of glycogen showing the
tree-l ike structure created by branched amyl asact in
chains. The short inner segments are actually part
of branches extending above and below the cross
section. The circles represent glucosyl residues.

The amylases of the saliva and pancreatic
secret ions attack the 1 -- 4 carbon 1i nkages as the
polysaccharides. These enzymes convert the bulk of the
ingested carbohydrates into disaccharides. These
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disaccharides are then presented to the intestinal
mucosa where the disaccharidases break the 1 -- 6 carbon
linkages resulting in monosaccharides. There are two
classes of disaccharidase enzymes: glucosidases and
gl actos idases. (1)

The disaccharidases are located on the brush
border of the mucosal cells of the intestine. They not
only digest the disaccharides into monosaccharides, but
they also facilitate the transfer of these sugars across
the membrane. Thus, they are integral to the absorption
of the carbohydrates. (1.2)

Because these enzymes serve more than one
function, different enzymes occupy different membrane
envi ronments. Based on the bi 1i pi d membrane mode1
containing integral and peripheral proteins as developed
by Si nger, (3) some enzymes may extend through the bi 1ayer
while others are located in half of the bilayer. The
enzymes all appear to require lipid fluidity in their
immediate environments. (4) Some of the enzymes may have
a tightly bound shell of a specific lipid which slowly
exchanges with the bulk lipid of the membrane, whereas
other enzymes may have no direct interaction with the
environmental 1ipids but may be peripheral proteins
which are bound to the cell membrane by an interaction
with the integral proteins found in the membrane. Still
other enzymes may be attached, or lIanchored ll to a non
polar region of the membrane by a hydrophobic tail. In
this case, the functionally active region of the
membrane extends out into the lumen away from contact
wi th the membrane 1i pi ds. (2) These a1ternat i ves are
ill ustrated in Figure 3. (2.5)
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Fi gure 3. A schemat ic representat i on of the
localization of some of the enzymes in plasma
membranes. The active site of enzymes or
binding site on receptors is indicated by
Abbreviations: GR, glucagon receptor; H,
glucagon, hormone; A, catalytic unit of
adenylate cyclase; SP, (Na+ + K+)-stimulated
ATPase; M, Mg 2 +-dependent ATPase; POI,
Phosphodiesterase I; CPD, cyclic AMP
phosphodiesterase; N, 5'-nucleotidase.

The absorption of digested carbohydrates from the
intestine is influenced by the general conditions
relating to the animal. This not only includes the
general heal th of that an imal, but a1so its current
nutrition. (1) If its mineral nutrition is either
inadequate or chemically present but nutritionally
unavailable to the animal, the disaccharidase activity
i s 1imi ted. (2,7,4)

Recognizing the need for these enzymes to promote
feed efficiency and that many of these essential enzymes
are metal activated, an experiment was designed to
ascertain if the feeding of amino acid chelates to the
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animal would increase enzymatic activity at the brush
border of the intestinal cell.

The research was conducted using eight adult male
Wi star-Hazemann wh i te rats. Each rat wei ghed
approximately 100 grams. They were individually housed
in wi re mesh cages. The rats were fed water and a
commercial laboratory rat chow ad libitum for ten days,
which was considered a stabilization period.

At the end of the ten-day period the rats were
arbitrarily divided into four groups of two rats each.
The first group continued to receive the commercial
1aboratory rat chow as above wi th no changes in its
diet. The second, third, and fourth groups received the
same laboratory rat chow plus 500 ppm, 1000 ppm and 1500
ppm, respectively, of an amino acid chelate formula
shown in Table 1.

Table 1

Composition of Amino Acid Chelate Supplements

% in Mineral Mix % Supplemented at Different Levels

Control ~ 1000 ppm 1500 ppm

Iron 9.00 % -- 0.0045 0.009 0.0135
Copper 2.15 % -- 0.00107 0.00215 0.00322
Zinc 3.00 % -- 0.0015 0.0030 0.0045
Manganese 1.20 % -- 0.0006 0.0012 0.0018
Cobalt 0.08 % -- 0.00004 0.00008 0.00012

The four groups of rats received the dosages of
amino acid chelates shown in Table 1 for ten consecutive
days immediately following the stabilizing period. At
the conclusion of this second feeding period, all of the
rats were sacrificed by cervical dislocation.
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The small intestines from the rats in each group
were removed. The duodenum and an equal length of the
upper jejunum which was attached to the duodenum were
excised from each small intestine. The excised samples
were cut along the mesenteric line and then rinsed with
distilled and deionized water to remove luminal
contents.

The mucus membrane was scraped away from these
cleaned and flattened intestinal segments and put in
labeled containers, each containing 4 ml of deionized
distilled water. The membrane-water mixture was
homogenized for twenty minutes and then stored at 00 C
until centrifuging at 3000 RPM for twenty minutes. The
supernatant was collected and maintained at -18 0 C until
measurement of disaccharidase activity. Using
electrophoresis methods discussed by Andrews,(9) the
disaccharidase activity in the mucus membrane was
determined by measuring the quantities of five membrane
bound disaccharidase enzymes. All comparisons for
enzyme levels were measured against the control group as
a standard. The findings are summarized in Table 2, and
the data are expressed as percents of the control.

I Table 2 I
The Mean Disaccharidase Activity of the Intestinal Mucous Membrane
With and Without Supplementation With Amino Acid Chelates

No Supplementation Amino Acid Chelate Supplement

Control ~ 1000 ppm 1500 ppm

Maltase 100 129 134 177
Lactase 100 136 147 157
Saccharase 100 178 163 135
Trehalase 100 113 212 142
Cellobiose 100 186 139 121



Increasing Intestinal Disaccharidase Activity in the Small 83
Intestine with Amino Acid Chelates

As can be seen from the data in Tabl e 2, the
inclusion of amino acid chelates increased carbohydrate
enzyme activity at the intestinal membrane an average of
48% when the chelates were included at 500 ppm, 59% when
the chelates were included at 1000 ppm, and 46% when the
che1ates were inc1uded at 1500 ppm. A1though the
enzymatic activity was increased over the control in
each case that amino acid chelates were supplemented in
the diet, the increases were not consistent. Some
disaccharidase enzymes were more responsive to higher
metal intake than others. The rna1tase and 1actase
activity increased with the higher amount of minerals
present. In the case of the saccharase, trehalase and
cellobiose, after a certain level, any increased intake
of metals suppressed their activity. Whether this is a
result of toxicity or simply providing the wrong mineral
combination and suppressing activity is unknown.
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Chapter 5

EVALUATION OF THE NUTRITIONAL
EFFICIENCY OF AMINO ACID CHELATES

Silvana Maletta, University of Turin
Germano Cagl iera, Agro/abo, S.P.A.

In the past few years we have reviewed field tests
and other research published by Albion Laboratories and
its associates in which it has reported that when
animals are fed a formula containing Albion's
biologically available amino acid chelates in
conjunction with certain vitamins and other nutrients,
the producer can reduce the protei n content of the
animals' feed and still obtain increased growth and
performance. (1)

For example,(1) a group of Durlock and Hampshire
pigs were divided into three groups: (1) a confined
treated group, (2) a confined control group, and (3) a
pasture control. All pigs in the study were weaner pigs
and were assessed until market time (220 pounds or 100
kg). The pasture group grazed free choice and did not
receive any supplemental commercial feed. The two
confined groups received the same commercial feed except
that the treated group received an additional amino acid
chelated mineral supplement formulas in three sequential
rations shown in Table 1.
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I Table 1 I

Mineral Supplement Formulas

Minerals as amino Weaning to 60 Pounds to 125 Pounds
acid chelates 60 Pounds 125 Pounds to Market

Potassiuma 1.206 % 0.804 % 0.804 %
Iron 0.205 % 0.120 % 0.120 %
Zinc 0.213 % 0.134 % 0.134 %
Magnesium 0.027 % 0.018 % 0.018 %
Manganese 0.028 % 0.015 % 0.015 %
Copper 0.021 % 0.014 % 0.014 %
Cobalt 0.0012% 0.0005% 0.0005%

~Potassium was administered as an amino acid complex

The feed compositions used in this study are shown
in Table 2. It should be noted that in each of the
treated feeds there was less total protein than in the
control feed. The purpose of this study was to measure
the effects of feed i ng the ami no ac id che1ates ina
lower protein feed.
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I Table 2 I
I Confinement Feeding Formulas I

Control Treated

Birth to 60 lbs 125 lbs
60 1bs to to

125 1bs Market

Chelated Mineral
Supplement
(Table 1.) -- 90 1bs 60 1bs 60 1bs
Soybean Mea1 300 lbs 300 lbs 200 lbs 100 1bs
Grain 1700 lbs 1610 1bs 1740 lbs 1840 1bs
Total Protein

(calculated) 347 lbs 335 1bs 312 1bs 284 1bs

The effect that the amino acid chelates produced
on the pigs receiving less protein in their feed is
summarized in Table 3. The average daily gain, which in
part is a function of protein metabolism from dietary
protein, was greater.

I Table 3 I
Protein Sparing Effect of Amino Acid Che1ates

Finished
Days to Average Length Loin Percent

Treatment 220 Lbs Daily Gain Inches Eye Backfat Lean

(1 bs) (i n.) (sq. in.) (i n.) (%)
Control Pasture 175 1.29 32.68 4.92 0.77 56.22
Control Confinement 160 1.42 34.03 5.40 1.10 54.04
Treated 153 1.51 32.40 4.95 1.05 53.80
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While not all of the data were positive, the
indications suggested that the amino acid chelates
enhanced protein utilization from the feed. That
concl us; on was conf; rmed ; n another test on 183 SPF
Feeder pigs divided into two groups. The feed regimes
were the same as listed in Tables 1 and 2. The results
are summarized in Table 4.(1)

I Table 4 I
I SPF Feeder Pig Farm Test I

Control Treated

Number of pigs started 30 153
Starting weight/pig 94.1 1bs 91.6 1bs
Total feed consumed 9,251 1bs 44,390 1bs
Average feed/pig marketed 319 1bs 301.97lbs
Total pigs marketed 29 147
Percent mortality 3.33 % 3.92 %
Average market weight/pig 218.29 lbs 212.32 lbs
Average gain/pig 124.19 lbs 120.72 lbs
Average feed/pound of gain 2.569 lbs 2.501lbs
Average daily gain 1.678 lbs 1.472 1bs
Average days to market 74 days 82 days
Feed cost/pound of gain 18.08 ¢ 17.09 ¢

The protein sparing effect resulting from feeding
the amino acid chelates is evident. It was believed
that the equivalent growth rates of the pigs fed less
protein compared to those fed higher protein levels was
due to the mi nera1sin the che1ates caus i ng greater
activity in the multitude of enzymes related to protein
utilization that require these minerals. The greater
bio-availability of the amino acid chelated form of
these minerals possibly allowed more of the minerals to
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activate the proteinase enzymes as well as those
enzymes, such as magnesium, that are involved in
anabo1ism. (7) Thus, these che1ates become the mi nera1s
source of choice for a series of tests. Using several
different species of animals, it was our desire to
ascertain how efficient protein metabolism was through
supplementing the amino acid chelates. The tests were
conducted on chickens (broilers and layers) pigs, and
cattle.

In the case of the broilers, 180 male birds were
divided into six groups of 30 each. Three different
diets were studied: (1) Corn, soybean, and barley.
Each diet had a control group of 30 birds and an
experi mental group of 30 bi rds. Each experi mental group
was further subdivided into three groups of ten birds
each. Each experimental subgroup had the formula of
amino acid chelates shown in Table 5 included with the
feed at the rate of 50 ppm, 100 ppm, or 200 ppm per Kg
of feed. The experiment was designed as shown in Table
6.

I Table 5 I
Composition of Amino Acid Chelate Supplements

% in
Mineral Mix % in Feed at Different

Formula Levels

50 ppm 100 ppm 200 ppm

Iron 9.00 % 0.0045 % 0.009 % 0.0180 %
Copper 2.15 % 0.00107 %0.00215 % 0.0043 %
Zinc 3.00 % 0.0015 %0.0030 % 0.0060 %
Manganese 1.20 % 0.0006 % 0.0012 % 0.0024 %
Cobalt 0.08 % 0.00004 % 0.00008 % 0.0002 %
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I Table 6 I
I Experimental Design for Broilers I

Number
Group Feed of Supplement

Birds 50 ppm 100 ppm 200 ppm

Control corn 30 -- -- --
Experimental corn -- 10 10 10
Control soybean 30 -- -- --
Experimental soybean -- 10 10 10
Control barley 30 -- -- --
Experimental barley -- 10 10 10

All of the birds were housed in wire cages and
consumed both water and feed ad 1i bi tum. Pri or to
receiving the supplements each experimental and control
group received the same feed for a period of ten days.

All of the feeds contained Cr20J which was used as
both an indicator of the digestibility of the feed and
as a proportionality constant to measure the amino acid
content of the feces. The 1atter was measured by a
Beckman automatic analyzer using acid-insoluble ashes
and Cr20J as markers. Energy determinations were
accomplished with a calorimetric bomb.

All of the broilers were sacrificed on the 60th
day of treatment, and the intest ina1 content of the
ileocecal tract removed. Feces were collected in this
manner to avoid the presence of the urine which would
have added uric acid and urates to the feces and changed
the results.

In addition to fecal analysis, feed samples were
a1so assayed to ascerta in the total energy and ami no
acids potentially available to the birds after the
additions of the amino acid chelates. The differences
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between the potential available amino acids and energy
in the feed analysis and the amounts of each that were
actually used from the fecal analysis were determined
and the mean results obtained from calculations of
linear regressions summarized in Table 7. The data are
expressed as percent vari at ions of the experi mental
groups compared to the control groups. The percentage
increases or decreases of metabolizable energy and the
digestibility of the amino acids in the feeds are
preceded by plus (+) for an increase and by minus (-)
for a decrease as compared to the controls. An asterisk
(*) indicates that the value is statistically
significant at the P<O.05 level, thus being different
from its respective control but not necessarily
different from the same constituent in the other
rations.
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I Table 7 I
Increased Metabolizable Energy and Available Amino Acids from
Broiler Feeds Containing Amino Acid Chelates

Corn Diet % Soybean Diet % Barley Diet %

Metabolizable energy + 10.9 * + 7.1 * + 12.3 *
Aspartic acid + 2.8 + 0.7 + 3.1 *
Threonine + 1.7 + 1.2 + 4.3 *
Serine + 1.3 + 0.4 + 2.6
Glutamic acid + 8.8 * + 4.3 * + 9.8 *
Proline + 7.1 * + 6.4 * + 8.1 *
Alanine + 3.4 * + 1.1 + 2.5
Valine + 3.1 + 4.3 * + 8.2 *
Methionine + 3.7 * + 3.2 * + 7.6 *
Isoleucine + 1.6 + 1.6 + 2.1
Leucine + 10.4 * + 6.3 * + 12.7 *
Tyrosine + 7.3 * + 3.9 * + 11.1 *
Phenylalanine + 5.9 * + 2.5 + 2.8
Lysine + 10.8 * + 7.7 * + 12.3 *
Histidine + 3.9 * + 2.4 + 5.7 *
Arginine + 2.3 + 0.8 + 3.4

I*P<O.05 I

As the data in Table 7 demonstrates, in every
instance the presence of the amino acid chelates in the
feeds increased the metabolizable energy and the
available amino acids over the same feeds without the
chelates. The increases in utilizable energy were all
statistically significant. There were significant
increases in 58% of the amino acids measured.

In a second experiment 180 laying hens were used.
The experimental design was identical to the design of
the broiler experiment except the amounts of amino acid
chelates fed to the three experimental subgroups were 75
ppm, 150 ppm, and 225 ppm. The pre-supplementation
conditioning period was ten days. The treatment period
lasted 50 days. All hens were sacrificed on the 51st
day, and their feces and feed were assayed as described
above. The differences between available energy and
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amino acids from the feed and the actual amounts of each
used (fecal analysis) were determined and summarized in
Tabl e 8 as the mean 1inear regress ions (expressed as
percent variations of the experimental groups compared
to the control groups). Data marked with an asterisk
(*) are statistically significant at the P<O.015 level.

I Table 8 I
Increased Metabolizable Energy and Available Amino Acids from
Layer Feeds Containing Amino Acid Chelates

Corn Diet % Soybean Diet % Barley Diet %

Metabolizable energy + 7.1 * + 5.3 * + 8.9 *
Aspartic acid + 6.2 * + 2.2 * + 5.3 *
Threonine + 3.1 + 1.1 + 3.7 *
Serine + 4.7 * + 5.6 * + 7.4 *
Glutamic acid + 5.5 * + 2.7 + 8.3 *
Proline + 8.3 * + 4.9 * + 9.0 *
Alanine + 3.8 * + 2.1 + 4.7 *
Valine + 1.1 + 0.4 + 2.6
Methionine + 5.3 * + 2.2 + 7.1 *
Isoleucine + 6.4 * + 2.6 + 5.3 *
Leucine + 8.5 * + 6.1 * +11.7 *
Tyrosine + 3.8 + 1.6 + 4.2 *
Phenylalanine + 4.7 * + 2.5 + 7.6 *
Lysine + 8.3 * + 5.1 * + 8.9 *
Histidine + 5.7 * + 4.8 * + 7.0 *
Arginine + 2.8 - 0.6 - 3.1

I*P<O.015 I

The data in Table 8 demonstrate that when amino
acid chelates were included as part of the laying hens'
feeds, the birds were able to obtain additional energy
from the feeds. The increases were significant. The
presence of the chelates in the feeds also made all of
the amino acids in the feed except arginine, more
available to the chickens. Sixty-seven percent of the
time, the increase in amino acid availability was
significant.



Evaluation of the Nutritional Efficiency of Amino Acid Chelates 95

Having demonstrated that the amino acid chelates
improved the nutritional value of feeds given to
chickens by enhancing the availability of the amino
acids and energy contained in the poultry feed, we next
applied this same concept with pigs. Two test periods
were studied. The first period used male, non-castrated
pigs that were four weeks old and had just been weaned,
and fo 11 owed them for 30 days. The second peri od
started with feeder seven week old male non-castrated
pigs that each had a beginning weight of approximately
70 Kg. These were also followed for 30 days.

Thirty-six pigs raised in confinement were used in
each study. They were divided into two groups:
experimental and control. The experimental groups were
further subdivided into three groups of six pigs each.
These subgroups were fed 50 ppm, 100 ppm, or 200 ppm of
amino acid chelates (Table 5) in their feed. Other than
the inclusion of the amino acid chelates in the feeds of
the experimental groups, the pigs received the same feed
ad libitum. The feed formulation without the amino acid
chelates is shown in Table 9.
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I Table 9 I
I Pig Feed Formula I

Period 1 Period 2

Corn flour 13 Kg 21 Kg
Barley flour 18 Kg 19 Kg
Soya flour (44 % protein) 15 Kg 13 Kg
Fish meal 5 Kg 4 Kg
Powdered skim milk 9 Kg 7 Kg
Corn germ meal 4 Kg 4 Kg
Wheat millings - 3 Kg
Oat flour - 17 Kg
Rice polishings 9 Kg 5 Kg
Torula yeast 1 Kg 1 Kg
Sugar 2 Kg 2 Kg
Calcium carbonate 1 Kg 1.5 Kg
Oicalcium phosphate 1.5 Kg -
Sodium chloride 0.5 Kg 0.5 Kg
Vitamin/mineral pack 1 Kg 1 Kg

Vitamin A 4,000,000 I.U.
Vi tami n OJ 200,000 I.U.
Vi tami n B. 250 mg
Vi tami n B2 1,000 mg
Vi tami n 86 200 mg
Vitamin 812 7 mg
Pyridoxine 5,000 mg
Vitamin K 250 mg
D-Pantothenic acid 3,000 mg
Choline chloride 100,000 mg
DL-methionine 20,000 mg
Lysine 10,000 mg
B.H.T. 1,000 mg
Calcium 100 mg
Iron 30,000 mg

On the last day of each test period, the feces of
each pig was collected for a 24 hour period. These
samp1es were measured by cal ori met ri c bomb for the
energy remaining in them and by a Beckman automatic
analyzer for the undigested protein. These data were
compared to similar assays of the feed samples to
ascertain the degrees of digestibil ity of the feeds with
and without the presence of the amino acid chelates.
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Tab1e 10 presents the summari zed mean resul ts
which were obtained from linear regression calculations.
The data are expressed as plus (+) or minus (-) percent
variations of the experimental groups compared to the
controls. Percentages followed by an asterisk (*) are
statistically significant at the P<O.05 level.

Table 10

Increased Metabolizable Energy and Available Amino
Acids From Swine Feeds

Metabolizable energy
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

I*P<O.05

First Period
%

+ 8.4 *
+ 3.8 *
+ 0.6
+ 5.7 *
+ 3.2 *
+ 8.9 *
+ 0.8
+ 4.5 *
+ 7.7 *
+ 0.2
+ 8.9 *
+ 5.9 *
+ 5.3 *
+ 8.8 *
+ 4.5 *
+ 0.3

Second Period
%

+ 7.1 *
+ 1.8 *
+ 0.2
+ 4.4 *
+ 2.3
+ 5.3 *
+ 0.2
+ 4.0 *
+ 6.1 *

o
+ 4.7 *
+ 5.4 *
+ 4.2 *
+ 6.2 *
+ 3.3
- 0.4

The data in Table 10 demonstrate that when the
amino acid chelates are included as part of the feed,
there was greater utilization of both the energy and the
naturally occurring amino acids in the feed. Seventy-
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three percent of the amino acids measured increased
significantly in the younger pigs whereas 60% of them
increased significantly in the older pigs. This
enhanced utilization appears to be a function of the age
of the pigs. As they become older, the availability of
the energy and amino acids tends to diminish somewhat.

This same trend of reduced utilization of
nutrients as a function of age also appeared in growing
calves. In this last series of experiments two groups
of calves were used. The first group consisted of 36
bull Piedmont calves that were 15 days old at the
beginning of the study. They were divided into two
groups of 18 calves each, experimental and control. The
experimental group received a different levels of the
amino acid chelates, which are shown in Table 5, at the
rates of 150 ppm, 200 ppm, or 250 ppm mixed in
reconstituted milk formula. This is shown in Table 11.
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I Table 11 I
Reconstituted Milk Formula for Calves

Control Experimental

Powdered skim milk 70.0 % 70.0 %
Fat (tallow 28%, lard 25%,
palm oi 1 25%, coconut oi 1 25%) 18.0 % 18.0 %

Dextrose 6.0 % 6.0 %
Corn starch 3.0 % 3.0 %
Lecithin 1.0 % 1.0 %
Dicalcium phosphate .4 % .4 %
Sodium chloride .3 % .3 %
Esterase sugar .285 % .285 %
Vitamin pack 1.0 % 1.0 %

Vitamin A 2,700,000 I.U.
Vi tami n D3 700,000 I.U.
Vitamin E 2,500 mg
Vi tam; n 8. 600 mg
Vi tami n 82 500 mg
Vi tami n 86 200 mg
Vi tam"j n 812 5 mg
Vitamin K 2,500 mg
Pyridoxine 5,000 mg
dl-methionine 30,000 mg
Lysine 20,000 mg

Amino Acid Chelate Package (Table 5) 150 ppm
200 ppm
250 ppm

In addition to milk, the calves were given corn,
wheat, and hay as they matured sufficiently to consume
them. The experiment lasted ninety days which included
a ten-day stabilization period at the beginning of the
experiment during which time no amino acid chelates were
fed.

The second group of cal ves cons i sted of forty
bulls of the same breed as above. They were ten weeks
old at the commencement of the study which continued for
eighty days which included a ten day stabilization
period during which time no amino acid chelates were
fed.
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The calves were divided into two groups:
experimental (30 calves) and control (10 calves). The
experimental group was subdivided into three groups of
ten animals each and fed the amino acid chelate
supplement shown in Table 5 at the rates of 100 ppm, 150
ppm or 200 ppm. The chelates were blended into the dry
feed, the formulation of which is shown in Table 12.
The above feed formula was blended so that in every 102
Kg of feed there were 40 Kg of corn silage, 40 Kg of
alfalfa hay, 20 Kg of barley, and 2 Kg of the vitamin
pack.

I Table 12 I
Feed Formula for Ten Week Old Calves (excluding amino acid chelates)

40 Kg 40 Kg 20 Kg
Corn Silage Alfalfa Hay Barley

Moisture 57.96 % 11.76 % 12.0 %
Crude protein 3.41 % 8.78 % 33.0 %
Crude fat 1.41 % 2.52 % 1.0 %
Crude fiber 13.17 % 30.24 % 7.0 %
Ash 2.06 % 8.19 % 33.0 %
Non-nitrogen extract 22.26 % 38.51 % 26.0 %
Vitamin Pack

Vitamin A 600,000 I.U.
Vi tami n DJ 6,000 I.U.
Vitamin E 20 mg
Choline 1,000 mg
Cobalt 2.5 mg
Iron 100 mg
Iodine 7.5 mg
Manganese 150 mg
Copper 25 mg
Zinc 275 mg
BHT 100 mg

On the last day of the eighty days of the test
period, 24 hour samples of feces were taken from every
cal f and assayed for the energy and the am; no ac ids
still remaining. The results were compared with feed
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analyses according to the analytical procedures which
have been previously described.

A summary of the mean results after linear
regress i on cal cul at ions for the two groups of cal ves are
presented in Tabl e 13. The di fferences between the
experimental groups and controls are indicated by plus
(t) or minus (-). Data that are statistically
significant at the P<0.05 level are indicated by an
asterisk (*).

I Table 13 I
Increased Metabolizable Energy and Available Amino
Acids From Cattle Feeds

New-born Calves Older Calves
% %

Metabolizable energy + 7.8 * + 5.1 *
Aspartic acid + 1.4 + 0.5
Threonine + 3.6 * + 2.1
Serine + 7.5 * + 3.9 *
Glutamic acid + 4.9 * .0
Proline + 0.7 - 0.5
Alanine + 4.7 * + 4.4 *
Valine 0 - 0.2
Methionine + 5.0 * + 3.9 *
Isoleucine + 0.3 + 1.5
Leucine + 2.0 - 0.2
Tyrosine + 5.1 * + 3.7 *
Phenylalanine + 1.8 - 0.2
Lysine + 6.9 * + 3.4 *
Histidine - 1.7 + 0.6
Arginine + 0.5 0

I*P<O.05 I
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As seen in Table 13, when amino acid chelates were
included in bovine feed, the utilization of available
energy and amino acids from those feeds was improved.
Like the pigs, however, the older animals were not as
efficient as the younger ones in digestion. The
differences in the two groups of calves may be due to
two digestive models. The younger calves are
monogastric, whereas in the older calves, the rumen has
developed, and they have become polygastric.

Rumen material was removed from all of the older
ca1ves and compared. An increase in the amount of
propionic acid with corresponding decreases in the
amount of methane ammonia in the experimental groups was
found. The increase of propionic acid and decrease of
methane result in greater obtainable energy from the
ration. The decrease in ammonia has a protein sparing
effect which produces greater utilization of the amino
acids in the feed for the production of meat.

Having seen the effects of the amino acid chelates
on improving digestibility of animal feeds, and
theori zi ng that thi s was probably due to increased
bioavailability of these crelates to the mineral
dependant digestive enzymes(2, ,4), we also wanted to see
if there was an increased utilization of the amino acids
at the cellular level.

Eight male Westar-Hagemann white rats weighing
approximately 100 g each were used in this study. All
were fed the same commercial rat chow for ten days to
stabilize them. They were then divided into four groups
of two rats each. One group was the cont ro1. The
remaining groups, labelled experimental, received 50
ppm, 100 ppm, or 150 ppm of the amino acid chelates
shown in Table 5, mixed with their feed. These chelates
were fed to the three experimental groups for ten days.
The control group received the same feed as the
experimental groups minus the amino acid chelates for
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the same ten day peri od.
provided ad libitum.

All feed and water was

At the end of ten days all of the rats were
sacrificed. Their duodenums and livers were removed.
The duodenums were cut longitudinally and washed with
distilled water. The mucus membrane was then scraped
off and put in containers which each contained 4 ml of
deionized/distilled water. One microcurie (1 microcurie
equal sa. 1 ml) of (14)C was added to the membrane-water
mixture which was then homogenized for 20 minutes. The
contents were refrigerated at O°C for the incubation
peri od. (5,6) The 1i vers of the rats were treated ina
similar fashion. They were homogenized for 20 minutes
after (14)C was added. They were then incubated. (5.6)

Protei n synthes; s was measured as the rate of
incorporat i on of the (14)C into the ami no ac idin the
tissues. The labelled amino acids were then determined
by scintillation counting. The data, which are
expressed as corrected counts per minute are shown in
Table 14.

I Table 14 I
Protein Synthesis in the Liver and Duodenum

Control Experimental

Levels of
Amino Acid

Chelates

500 ppm 100 ppm 150 ppm

Liver 765±51 923±103 962±89 lO38±94

Duodenum 264±44 316±65 385±61 409±75
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The data in Tabl e 14 demonstrate that protei n
synthesis in the liver increased over the control 20.7
% (at 50 ppm), 25.8 % (at 100 ppm), or 35.7% (at 150
ppm) depending on the quantity of amino acid chelates
included in the feed. Protein synthesis in the duodenum
increased over the control 19.7 % (at 50 ppm), 45.8 %
(at 100 ppm) or 54.9 % (at 150 ppm) according to the
amount of amino acid chelate supplemented. It appears
that there was more protein synthesis at the duodenum
where there probably was a greater concentration of the
amino acid chelates than at the liver.

All of the above studies tended to confirm the
value of including amino acid chelates in the feeds of
animals and birds. The data demonstrated that when the
amino acid chelates are included, the animal or bird is
able to extract more energy and amino acids from the
feed. Furthermore, th i s increased ami no ac id
availability results in increased deposition of amino
acids in the soft tissues of the body.

The earlier cited data indicated that when amino
acid chelates were included as part of a swine feed
formulation the average daily gain was between 6.3 and
17.1 % better. Our data indicate that this gain is due
to the increased availability of supplemental and
natural amino acids in the feed and their subsequent
incorporation into the tissues of the animals.
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Chapter 6

AN ASSESSMENT OF LONG TERM FEEDING
OF AMINO ACID CHELATES

Robert B. Jeppsen
Albion Laboratories, Inc.

The practice of using chelated minerals to
facilitate the intestinal absorption of metals required
by animals has been relatively recent. Chelates were
first used in 1920,(1) although it was 1952 before this
class of metals was proposed as a technique to increase
metal uptake.(2) Although chelates were first proposed
for use in plant nutrition, it was soon determined that
animals similarly benefitted from better mineral
absorpt ion i f the mi nera1sin the i r feed were a1so
chelated.(3,4) Prior to the introduction of amino acid
chelates by Albion Laboratories, the major ligand used
in animal nutrition was ethylenediamine tetracetic acid
(EDTA). While EDTA was a good chelating agent, its high
stabi 1i ty constant precl uded its useful ness inmost
species of animals, because the intact chelated minerals
were absorbed ~nd then excreted back into the colon or
urine unused.() The use of amino acids as chelating
1igands overcame the problem of stabil ity constants
increased in mineral utilization as well as
absorpt ion. (6)

This increased mineral uptake created concern for
safety when the amino acid chelates were ingested. Over
the course of the past twenty years these amino acid
chelates have been tested for structural validity,
effi cacy, and safety both to handl ers and the target
species receiving the nutritive benefits of the
products. (7,8) The present long term study of the
effects of amino acid chelates on breeder sows
represents a further validation of their historical
performances.
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the same breed (York Landrace) and were raised in
confined housing on similar farms in the same
geographical location. The test sows were the products
of multiple generations having their diets continuously
supp1emented wi th ami no ac id che1ates of iron,
magnesium, zinc, manganese, copper and cobalt (Table 1).
They also received potassium as an amino acid complex.
All of these products were manufactured by Albion
Laboratories, Inc.

Both groups of pigs were routinely inoculated
against erysipelas, leptospirosis, Parvo virus, and
Escherichia coli. Pregnant sows were vaccinated twice,
once at six weeks and aga in at three weeks before
farrowing. All pigs were dewormed and treated for lice.

Health and breeding statistics between the farms
containing the control and test pigs were similar. The
various feeds provided the two groups of pigs throughout
the course of their lives were also similar except that
the test pigs were fed the amino acid chelates as noted
above.(9) The Quantities of amino acid chelates provided
to each test sow are shown in Table 1. These amino acid
chelates were provided continuously in weaner, grower,
nursing sow, and dry sow pig feeds given the test pigs
over four generations.

In order to better assess the possible internal or
cellular effects of the amino acid chelates, six breeder
sows with various histories of parentage on the chelates
and complimentary individual doses were selected for in
depth analysis. Two concerns in these test sows were
assessed: (1) the long term effects of continuously
feeding amino acid chelates on single individuals, and
(2) cumulative effects of amino acid chelates from
generation to generation (teratogenic effects). Three
of the test sows represented the fourth filial
generation to continuously receive the amino acid
chelates. Of the remainder, one was of the third and
two were of the second filial generations. Since the
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test animals of the fourth generation were much younger
than those of the second or third generations, the total
amount of amino acid chelates ingested by those of the
fourth generation was much less than the others. This
was especially true for two of these animals, which were
not old enough to have had more than one and two litters
respectively. Since the nursing sow ration contained
more of the amino acid chelates than the other rations,
the pigs which had fewer litters ingested considerably
less of the chelates.

I Table 1 I
Total Amounts of Minerals as Amino Acid Chelates Fed to Test
Sows(~)

Fi 1ial
Generation Iron Magnesium Zinc Manganese Copper Cobalt Potassiumb

3rd 734 599 367 147 18 6 599
4th 556 451 278 111 14 4 1151
2nd 580 409 290 116 15 5 409
2nd 687 537 344 138 17 6 537
4th 193 154 96 39 5 2 154
4th 131 88 65 26 3 1 88

~All numbers represent the number of grams of metal received from birth
to death.

bPotassium was provided as an amino acid complex.

All of the animals in the control group and the
test group were sacri fi ced on the same day. Thei r
tissues, shown in Table 2, were excised for
histopathological evaluation. A blood sample was also
taken at the time of sacrifice. The blood from each sow
was placed in individual lined vacutainers containing
EDTA for the purpose of blood cell analysis.
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I Table 2 I
Tissues Excised for Histopathological Examination

Brain Muscle Lymph Node (mesenteric)
Duodenum Heart Kidney
Jejunum Liver Ovary
Ileum Spleen
Large Bowel Bone Marrow

At the t; me the an; rna1s were de1i vered to the
slaughter house for sacrifice, a premortum examination
was conducted by a veterinarian. He did not know which
group was the test group and whi ch was the control.
Following euthanization by cerebral electrocution, a
postmortum examination by the same veterinarian was also
conducted. (10)

Four samples of each tissue shown in Table 2 were
excised from each animal and immediately submerged in
sample bottles containing 10% formalin (pH 7). The
samples were subsequently delivered to a pathological
laboratory. There they were dried, embedded in
paraffin, sectioned, and mounted on slides. A total of
308 specimens were mounted for examination. The
pathologist who read the slides was unaware of which
pigs were in the control group and which were in the
test group. (11)

As noted above, a premortum examination was
carried out to determine the condition of each animal.
All but three of the animals were judged to be in "good
condition." Two of the three which did not receive the
"good condition," rating came from the control group and
one from the test group. In spite of this, the
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histopathological findings were essentially the same for
all of the animals.(lO)

The postmortum investigation included an
examination of each animal's carcass. The viscera were
also individually examined. On the whole, there were
few abnormalities. One control sow had polycystic
ovari es and another suffered from purul ent metri tis.
One test sow had a spl eni c scar as a resul t of a
previous splenic injury, and another had a hepatic
cyst.(10) All of the abnormalities found by the
veterinarian in this examination were later assessed by
the hi stopathol ogi st and judged to represent normal
lesions which would tend to occur in any group of
pigs . (11)

Blood sampl es were assayed by a Canadi an
government 1aboratory. (12) Most of the val ues for red
blood cell count, white blood cell count, hemoglobin
content, packed cell volume, mean red cell volume,
protein, immature neutrophils, mature neutrophils,
monocytes, lymphocytes, eosinophils and basophils were
wi th in the normal range. Of the ones wh i ch were
aberrant, equal numbers came from both the controls and
test animals within the same parameter. Thus, no
apparent differences existed between the two groups as
measured on the basis of blood cell analysis.(lo.12)

The data generated from the detailed
histopathological examination are easily summarized:
there were no histopathological tissue alterations
observed that could be attributed to minerals or amino
acid chelates. Furthermore, there were no tissue
findings which could distinguish the test group from the
control group. Both groups were histologically the
sarne. (11)

Care was taken to provide sows in the control
group that were similar to those in the test group.
Identical and objective measures for both test animals
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and controls were conducted. Specialists commissioned
to apply their knowledge and skills to the assessments
were kept blind as to which pigs belonged to which
group. The amino acid chelates listed in Table 1 had
been administered as a dietary supplement to pigs on a
farm over the course of severa1 years, and the on1y
effects attr i t'utabl e to thei r use were improvements
(such as, no ~eed for iron dextran injections in newborn
piglets, increase piglet weight at weaning, lower
morta1i ty, and higher product i on outputs). Severa1
generations had been sired by ancestry which had
received these amino acid chelates continuously, and no
apparent teratogenic effects could be attributed to them
by gross observation. The resulting impartial
conclusions were definitive: there were no
histopathological tissue alterations which could be
attributed to the amino acid chelates; nor were there
any significant gross or microscopic differences between
the test and control groups of sows.

Thi s long-term assessment has shown that ami no
acid chelates are safe for continual feeding as
nutritive dietary supplements when applied under the
constraints of recognized and recommended dosages for
nutritive minerals. This study indicates that they are
free of teratogenic effects and chronic morbidity at the
histological level, as well as at the level of practical
observation.
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Chapter 7

THE USE OF AMINO ACID CHELATES TO
ENHANCE THE IMMUNE SYSTEM

Robert T. Coffey

Whenever an animal is exposed to an antigen, its
body must recognize the antigen as a foreign substance.
At the same time, its immune system must be able to
recognize the animal's own cells as not being foreign
and then mount a selective immune response against the
antigen invading substance while still being tolerant to
the animal's own cells. If this does not occur because
the immune system fails to develop or is destroyed, then
the animal will rapidly succumb to the disease.

Figure 1 demonstrates the essential features of
the optimal immune system. It has four components.
First, there is a method of identifying and processing
the ant igen. Second, through the use of ant igen
sensitive cells, a reaction specific to the antigen is
induced. Third, cells produce antibodies or participate
in a cell mediated immune response. Lastly, the cells
retain a memory of the event and therefore react
specifically and more quickly to that type of antigen in
future encounters. (1)
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FOREIGN MATERIAL..
Recognition

and processing

Ceil-mediated
immunity Antigen-sensitive

cell
~ I Tolerance 1-48

Figure 1. A simple flow diagram showing the
essential features of the immune responses.

In spite of the idealistic concept presented in
Figure 1, the animal does not always respond in a
positive manner. These limitations can be divided into
physiochemical limitations and the pro8lems associated
with nature of the foreign material. 3 Sometimes a
physiochemical 1imitation can cause an inhibition of
antibody production. On other occasions, with certain
antigens, the immune system is unable to differentiate
between the antigens and normal cells. When this occurs
the disease continues ifs course in the animal in spite
of vaccinations, etc. (3

Frequently it is not a simple process to identify
an antigen of the causitive agent in a disease even
though the outbreak of the disease suggests a specific
cause. Nevertheless, the conditions allowing the agent
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to become established may be varied and seemingly
unrelated to the disease. In fact, these conditions may
overrun the natural immune system so the animal is
incapable of a positive response to exposure to a
specific antigen.

The incidence and types of diseases in cattle
often have several predisposing factors involved. For
example, the stress of the sale barn, transportation, a
new environment, a change in feed, etc., all seem to
encourage respiratory infections; while cold, damp
weather, lack of colostrum, etc., predispose calves to
scours and pneumonia. Because of the complexity of the
disease factors, many producers experience frustration
when all efforts to prevent a specific disease including
vaccinations, environmental changes, etc., seem to be in
vain.

To illustrate, a few years ago a herd of calves
was purchased in California. They were vaccinated for
shipping fever and then transported by truck to Idaho.
Several of the calves died, primarily from pneumonia,
immediately following transportation to Idaho. A post
mortem revealed not only the respiratory infection but
also an extremely high level of lead in their bodies.
The lead was acquired via a lead polluted environment 
air as well as feed and water - in the specific area of
Cal i forn i a where they were fi rst ra i sed. When 1ead
levels are relatively high, this pollutant will
interfere with body metabolism of both copper and zinc.
The latter two are essential enzyme co-factors in the
immune system. (4,5) Thus, the cal ves immune systems were
unable to respond to the organisms responsible for the
respiratory infections. The incidence of lead thus
compromised the calves' natural immune process
sufficiently to allow the infection to become
established in spite of vaccinations being administered
against them. (5)
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The preceding example raises some question on the
importance of si ngl e disease ent i ty di agnos is. The
types of organisms isolated from a culture provides the
veterinarian with some useful information which
frequently allows for effective treatment or prevention,
but on many occasions there are several pathogens
present in a problem herd. The opposite extreme can
also occur. A pathogen may never be isolated, and yet
the clinical symptoms lead the veterinarian to believe
he is dealing with shipping fever, viral scours,
sal mone 11 as is, or some other disease. Based on that
belief he commences treatment and vaccination programs
which ultimately do not prove effective. Sometimes the
deficiencies of treatment can be isolated to the
properties of antigens listed in Table 1. Other times
the problems are of an entirely different cause.

I Table 1 I

I Essential Features of Antigenicity I
Feature Property

Size Larger is better.
Diversity Simple polymers may be poor antigens.
Stability Structural stability is mandatory.
Degradability Very sensitive molecules are poor antigens.

Totally inert molecules are poor antigens.
Foreign The more foreign the better.

For these reasons, it is essential for the
veterinarian not only to isolate the disease causing
antigens, but also to evaluate the immune system of the
animals with which he is working since strength in that
system is paramount to disease resistance. In
evaluating the possibility of immune incompetence or
malfunctioning in cattle, there are several
characteristics one or more of which are consistently
associated with the herd. These include:
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(1) In high producing cattle with rapidly growing
calves, there is a greater incidence of disease
morbidity and/or mortality which is
statistically significant.

(2) The time of year when the disease outbreak
occurs is usually the same.

(3) The herd response to vaccination and/or
treatment programs is less than anticipated,
and occasionally, even detrimental.

(4) Based on symptoms, a clinical diagnosis is made
although no antigen can be isolated.

(5) The illness occurs after feeding the herd
ensiled roughage, especially corn silage.

(6) Associated with number 5, above, a respiratory
disease may occur 30 to 120 days after being
fed the corn silage.

(7) The cattle experience a "vaccination break"
which occurs after the use of a modified live
virus vaccine.

(8) The animals seem to crave salt and/or minerals.
They have rough hair coats and are unable to
maintain weight gains. Their average daily
gains are not what they should be based on the
feed ration.

As stated above, not all of these broad factors are
usua11 y present at one time. When anyone' of these
conditions exists, however, and the veterinarian notes
a poor response to convent iona1 treatment and prevent ion
programs, it is imperative that he evaluate the immune
system of the cattle he is dealing with. Immunity is
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influenced by genetics, the environment, and nutrition.
Alarge amount of the clinical data which our laboratory
has accumulated and which is associated with immune
system breakdown, demonstrates that there are
significant relationships between trace element levels
in the body and immunoglobulin production.(8) By
reviewing the eight factors listed above, it is obvious
that each one can contribute to or result from a trace
mineral deficiency. For example, high producing or
rapidly growing cattle require large amounts of minerals
just to maintain that production or growth. On the
second item, at certain times during the year, forages
have a lower mineral content or high mineral antagonists
such as nitrates, heavy metals, or sulfates, than at
other times of the year. On the third characteristic,
a mineral deficient herd is handicapped in developing an
immune system regardless of the vaccination program. In
the fourth case, the symptoms resulting from a
microelement deficiency may mimic an infectious disease.
In the fifth and sixth cases, the corn silage may be
high in certain minerals, such as aluminum or iron. In
excess, these minerals are nutritionally and
physiologically antagonistic to the minerals essential
for the development of the natural immune system. This
antagonism may create an artificial deficiency when
supplemental mineral nutrition is inadequate. Finally,
the craving of salt/minerals, rough hair, and poor
weight gains may all be indications of poor mineral
nutrition which may be contributing to a faulty immune
system. When trace element metabolism is out of balance
or deficient, there may be immune incompetence or
rna1funct i on . (9.10.11)

Immunologic competence is the ability to develop
immunity when appropriately stimulated by an antigen.
As summarized in Figure 1, in a normal animal after
entry of antigens into the body there can be recognition
of that antigen by the immune system. This recognition
(humoral) stimulates the synthesis of specific
circulatory antibodies to each antigen. The antibodies
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are protein molecules produced by plasma cells as a
result of an interaction between antigen-sensitive B
lymphocytes and the specific antigen. This interaction
produces what are known as immunogl obul ins. (12) The
immunoglobulins are classified as IgG, IgM, IgD, IgA,
and IgE.(13'14) Table 2 summarizes the basic
characteristics of the immunoglobul ins. (lS) Cattle are
1imited to IgG, IgM, IgE, and IgA. (17)

I Table 2 I
Basic Characteristics of the Major Immunoglobulin Isotypes in the
Domestic Animals

Property IgM Ig6 IgA IgE IgD

Most usual 19S 7S lIS 8S 7S
sedimentation
coefficient

Molecular weight 900,000 180,000 360,000 200,000 180,000
(daltons)

Electrophoretic f3 r f3-r f3-r r
mobility

Heavy chain jj r • e 3
antigen

Prominant organ Spleen and Intestinal Intestinal Spleen
of synthesis lymph Spleen and and and and

nodes lymph respiratory respiratory lymph
nodes tracts tracts nodes

The IgG (which can be further divided into four
subclasses in some animal species) and IgM classes
together make up approximately 80% of all of the
immunoglobul ins which are produced by the body. (14) The
product i on of these immunogl obul ins is controll ed by
enzyme systems which have specific trace minerals as
part of the act i ve enzyme. (7,13,16)

Upon initial antigen stimulation, normally IgM is
produced. As a membrane bound molecule on the



124 The Roles of Amino Acid Chelates in Animal Nutrition

1ymphocytes, (14) it serves as the fi rst 1i ne of defense
against pathogens by mediating the response of the B
lymphocytes to the antigen stimulation.(14.11) Because of
their large size they are confined primarily to the
blood. Their presence in the blood probably contributes
to their service in the first line of defense.

The secondary immune response comes from the IgG
class of antibodies and constitutes about 70% of the
total immunoglobulins produced. It, too, resides in
high quantities in the blood, but because of its smaller
molecular size, it more easily escapes the blood stream
and can impart a defense to the spaces between the
tissue cells as well as on body surfaces. The branching
of IgG from the blood stream occurs only when a specific
amount has accumulated.(l8) As IgM levels decline, the
IgG increases upon secondary stimulation. A second
exposure to the same antigen results in a secondary, or
anamnestic response in which IgM levels, which were once
declining, increase, as does the IgG immunoglobulin, as
seen in Figure 2. (19,20)
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Figure 2. Primary and secondary antibody responses.
In a typical immune response the antibody level
following secondary antigenic challenge: 1. appears
more quickly and persists longer, 2. attains a
higher titre, 3. consists predominantly of IgG, as
opposed to the antibody response following a primary
antigenic challenge. In the primary response the
appearance of IgG is preceded by IgM.

IgD, representing less than 1% of the serum
immunoglobulin, is located on the cell surfaces of B
lymphocytes. It is believed that IgO acts s;inilarly to
IgM. It, has not been isolated in cattle, as seen in
Table 3. 14)
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I Table 3 I
Immunoglobulin Isotypes and Subisotypes of Domestic Animals and Man

Immunoglobulin Isotypes

Species IgG IgA IgM IgE IgD

Horse Ga,Gb,Gc,G(B),G(T)a,G(T)b A M E ?
Cattle Gl,G2(G2a,G2b7) A M E 7
Sheep Gl(Gla?),G2,(G3?) Al,A2 M E ?
Pig Gl,G2,G3,G4 AI,A2 M E D
Dog Gl,G2a,G2b,G2c A M E ?
Cat Gl,G2 A M E ?
Chicken Gl,(G2,G37) A M 7 D
Human Gl,G2,G3,G4 Al,A2 M E 0

IgA is known as a secretory antibody (sIgA)
because it is found in the seromucous secretions, such
as sal iva, tracheobronchial secretions, colostrum, mil k,
and genitourinary secretions. It forms about 15% to 20
of the total serum immunogl obul in. (14)

IgE is only found in traces, but it is bound
through specific receptors on the cell surface of mast
cells and basophils. It is involved in protecting
against atopic allergies and helminthic parasites.(14)

As noted above, several trace minerals - notably
copper, zinc, and manganese - can affect immunoglobulin
enzyme act i vi ty. (7,13,16,22,23) Inadequate intake or use of
these minerals can affect both T-cell and B-cell
response. Excessive metal intake of such elements as
lead, iron or aluminum can interfere with copper, zinc,
and manganese metabolism and change T-cells from
antibody-producing to antibody-suppressing cells. (9,12,23)
When th i s occurs the immune response of the ant igen
stimulated animal is not at all what would normally be
anticipated. The following case history vividly
demonstrates this.
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A Limousin cow-calf herd which our laboratory(27)
had been studying had annual calf losses ranging between
12% and 20% over a two year period. With the increasing
annual losses, there were always higher losses with the
spring calves than with calves born in the fall. Most
illness resulting in mortality occurred between three
and ten weeks of age and were both respi ratory and
enteric in nature. This disease pattern was puzzling.

Since most calves are born with a gammaglobulin
emia, the colostral transfer of maternal IgG across the
calves' intestinal epitheliums, which takes place during
the first 24 hours after birth, generally provides
adequate passive immunity until such time as they can
build their own immune systems. As calves mature and
colostral immunity diminishes, their own immune systems
should respond to antigen stimuli. Table 4 summarizes
what should occur in normal calves and are based on the
use of radioimmunodiffusion plates from over 2,000 serum
samp1es. (24)

I Table 4 I

Bovine Immunoglobulin Levels Based on Age

mg/ml ± range

Age of calf IgG1 IgG2 IgM

Newborn 24 - 50 .2 - .8 1 - 5
1-2 weeks 15 - 35 .2 - .6 .6 - 1.0
1 month 15 - 29 .1 - 1.5 .4 - .8
2 months 8 - 14 .1 - 2.0 .7 - 1.7
3 months 10 - 16 .1 - 2.1 1.8 - 3.2
6 months to adult 6 - 14 .4 - 2.1 1.7 - 2.9
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In the fall of the first year of the study with
the Limousin cow-calf herd, a preventative vaccination
program was estab1i shed in hopes of reduc i ng spri ng
calving mortality. The cows were vaccinated with
colostridrium bacterin/toxoids, rota-coronavirus
vaccine, killed IBR-PI 3 -BVD vaccine, and .L.. coli
bacteri n. All of the cows were pregnancy tested,
coordinated with their AI breeding dates or pasture
breeding dates, and schedules established to give them
a second dose of the applicable vaccines and bacterins
prior to calving.

In the spring, when the calves were born, they
were given oral rota-coronavirus vaccine and an
intranasal IBR-PI 3 vaccine. The effectiveness of
attempting to immunize neonatal calves has been
questioned based on the ability of their immune systems
to respond adequately, as noted above. There is also
the possibility of interference to antibody production
due to the passive immunity acquired from the colostrum.
Nevertheless, utilization of oral rota-coronavirus or
intranasal IBR-PI 3 at birth, or shortly thereafter, has
been shown in some cases to stimulate localized immunity
against these viruses. For this reason they were used
in the calves.

During this spring calving season, if a specific
calf was not nursing within one to two hours, the cow
was milked out by hand, and her calf given one to two
quarts (approximately 2 liters) of colostrum. This
procedure was repeated in six to eight hours, if
necessary.

The spring in which the study commenced was cold
and rainy. Consequently, the cows and their calves were
housed in barns, which were maintained at above normal
cleanliness during the inclement weather. Management
pract ices were deemed to be exce11 ent. When weather
permitted, both the cows and calves were allowed to
graze in a rye grass pasture.
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By the latter part of April, many of the older
calves had developed pneumonia. Their response to the
conventional treatments was fair. For the next two to
three weeks, recurrent and new cases of pneumonia and
scours deve loped. Then, the cal ves started dyi ng.
Post-mortem findings of the first three animals included
enteritis, FA positive for coronavirus, and pneumonia.

The ent ire herd of 60 cal ves was treated wi th
injectable antibiotics on three different occasions.
The pneumonia and scours would subside and then flare up
again. Post-mortems of additional deceased animals
revealed necrotic enteritis, possible but unisolated
salmonellosis, pasteurella pneumonia, hemophilus somnus
infection, mucoid ~ coli isolate, coccidia, and
coronavirus. By the end of May, 14% of the calf herd
had died in spite of all efforts that had been taken to
prevent mortality.

Because of the lack of consistent and predictable
response, it was believed that an immunologic disorder
may have been the cause of the problems. At the end of
May the 58 surviving calves were bled and tested for
specific levels of IgM utilizing radio-immunodiffusion
kits. (24) Cal ves under four weeks of age were tested for
adequate passive transfer of colostral immunoglobulins
(lgG) using a sodium sulfite precipitation test.(24)
Table 5 summarizes the conditions found in the calves.
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I Table 5 I
Immunologic Disorders in Spring Calves

Total spring calves born 66
Total mortality (22 July) 11 (16.7%)
Total abnormally sick calves 22 (33.3%)
Total calves treated individually 34 (51.5%)
Total tested immunoglobulins 58
Total IgM deficient calves 39 (67.2%)
Number of IgM deficient calves treated 31 (79.5%)

From these findings, it became apparent that the
majority of the animals tested were not developing
adequate immune responses . Real i zing that age i s a
factor in developing an immune system in a young animal,
it was decided to retest at a later date before taking
any positive action.

Thirty-six days later, the test described above
was repeated in hopes that the greater maturity of the
calves would result in a normal IgM.(25) Unfortunately,
such was not the case. The IgM of one of the calves
which was previously judged to be normal had dropped to
an abnormal level, and seven other calves dropped from
abnormally low to critically low levels. One animal,
which was originally normal, remained so, and three
others, which had low IgM previously, rose to a normal
level. It was noted that those calves which showed a
decrease in IgM over the 36 day testing period were also
in poorer health than the rest of the herd.

In measuring the IgG immunoglobul ins and comparing
their levels to normal levels, it was found that they,
as an aggregate, were abnormally high. Typically the
antibodies produced as a secondary response to a T-cell
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dependant antigen have a higher average affinity than
those produced in the primary response as was noted in
Figure 2. When this occurs, there is a normal switch
from IgM to IgG production since there is no maturation
in the affinity of the IgM response. This can also be
seen in Figure 2. Our blood tests demonstrated that the
degree of affinity maturation is dependant on the
antigen dose administered. Where we administered a high
dose, it produced a poor maturation and a lower affin1t~

response than a low antigen dose as seen in Figure 3. 2
Had the immune system of these calves been functioning
properly, their IgM and IgG curves would have been more
in line with Figure 2 rather than Figure 3.
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Figure 3. Affinity maturation. The average
affinity of the IgM and IgG antibody responses
follow primary and secondary challenge with a T
dependent antigen are shown. The affinity of the
IgM response is constant throughout. The affinity
maturation of the IgG response depends on the dose
of the antigen. Low antigen doses (low Ag) produce
higher affinity immunoglobulin than do high antigen
doses (high Ag).
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By the time the analyses of these data was
complete, fall calving had begun. It was decided to
test these cal ves and compare them wi th the spri ng
calves before attempting any radical changes that may
affect the immune system of the herd. Because nothing
different was done while awaiting these tests, we
experienced a severe outbreak of BRD and BRSV infection.
When the 28 calves born in that season and still living
had attained an average age of 107 days, they were bled
and their IgM and IgG levels measured. Table 6
summarizes the IgM findings.

I Table 6 I

I Immunologic Disorders of Fall Calves I

Number of fall calves born 28
Mortality 5 (17.9%)
Total abnormally sick calves 13 (56.5%)
Total calves treated individually 13 (100 %)
Total IgM deficient calves 19 (82.6%)
Number of IgM deficient calves treated 19 (100 %)

An analysis of the calves' IgG2 levels revealed
that they had surged as before when the IgM levels were
below normal. These data suggested that the calves had
a deficient immune system. Since drugs had not
genera11 y improved the heal th of the an imal s, and in
fact, may have worsened the problem, it was decided to
revise the nutritional program. The entire cow/calf
herd commenced recei vi ng the same rat i on as before
except now it was supplemented with amino acid chelated
minerals with major emphasis on copper, zinc, and
manganese intake. These minerals were selected because
they are directly related to the proper functioning of
the immune system. (7,13,16,22,23)
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For example, in a case regarding zinc
supplementation related by Tizard, certain Black Pied
Danish and Fresian cattle which carry an autosomal
recessive trait for thymic and lymphocytic hypoplasia
had calves that were born healthy, but by four to eight
weeks began to suffer from severe skin infections. If
left untreated they would die with none surviving to the
age of four months. The report cont i nued, "Affected
calves have exanthema, hair loss on the legs and
parakeratos i s around the mouth and eyes. There i s
depletion of lymphocytes in the gut-associated lymphoid
tissue and atrophy of the thymus, spleen, and lymph
nodes. It can be shown that these animals are deficient
in T-cells and have depressed cell-mediated immunity but
normal ant i body responses. Thus they have a normal
response to tetanus toxoid but respond poorly to
dinitrochlorobenzene or tubercul in. If these calves are
treated by oral zinc oxide or zinc sulfate, they recover
fully and acquire the ability to mount normal cell
mediated responses. If, however, zinc supplementation
is stopped, then the animals will relapse within a few
weeks."(!7) Based on the above observations relating to
the bovine response to zinc supplementation, zinc amino
acid chelate was selected for this present study because
of its greater bioavailability than equivalent amounts
of zinc as the oxide or sulfate salts. The same
rat i ona1 app1i ed to the use of copper and manganese
amino acid chelates. These three amino acid chelates
were fed daily to the animals as shown in Table 7.
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I Table 7 I
Amino Acid Chelate Supplement Program for Cu, Mn, and Zn

Cu Mn Zn

Lactation
First 90 days 0.18 9 0.36 9 0.72 9
Second 90 days 0.13 9 0.26 9 0.52 9
Last 125 days 0.10 9 0.19 9 0.32 9

Dry cow 0.09 9 0.17 9 0.34 9
Dairy calf starter 0.04 9 0.08 9 0.16 9
Growing heifers 0.07 g 0.14 9 0.28 g
Bulls (continuous) 0.07 9 0.14 9 0.28 9
(50 days prior to and
through breeding) 0.13 9 0.26 9 0.26 g

The following year when the calves born in the
spri ng had reached an average age of 165 days, the
animals were bled and their IgM and IgG levels measured.
They had a mean IgM level of 1.10 mgjml with a standard
deviation of ± 0.4 mg/ml. This was a considerable
improvement over the previous spring calf herd which had
mean IgM level of 0.62 mg/ml with a standard deviation
of 0.53 mg/ml.

When IgG2 levels were measured after the amino
acid chelate supplementation, they averaged 2.43 mg/ml
± 0.62 mgjml compared to 1.65 mgjml ± 2.13 mgjml before
supplementation. The mean level of IgG1 after
supplementation was 10.43 mg/ml ± 2.13 mg/ml compared to
10.98 mgjml ± 6.05 mg/ml before supplementation.

In the fall, the calf herd was bled and assayed
again. Their mean IgM and IgG levels continued to
improve. Their mean IgM level was 1.76 mg/ml compared
to 0.91 mg/ml a year earlier.

The calves continued to improve. The bleeding of
the fall calves demonstrated the further effects in the
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immune system after feeding the amino acid chelates.
These results are summarized in Table 8.

I Table 8 I
i Two Year Herd Summary I

Year 1 Year 2
Before Supplementation After Supplementation

Spring Fall Spring Fall

Calf morbidity 67% 54% 11% 0%
Calf mortality 22% 17% 2% 0%

The dramatic changes seen in this table did not
occur until the mineral nutritional changes were made.
General improvement in the condition of the entire herd,
including the cows and bulls has also been seen, but no
data were maintained to quantify those improvements.

Based on these data, it is obvious that the immune
response depends upon a specific series of events by
certain body cells. These cellular biochemical
react ions are regul ated by enzymes whi ch incorporate
specific trace elements in the enzyme either as a co
factor or as an integra1 part of the meta11 oenzyme.
Copper and zinc, and to a lesser extent, manganese, have
been identified as being involved in those enzymes that
are associated with the immune system.

Wh i1e there are a tremendous vari ety of si tuat ions
influencing trace element uptake and metabolism in the
bovine, and not all diseases are related to a mineral
deficiency, nevertheless, in cattle with clinical
histories similar to those described, it should be a
routine practice to screen 10% to 25% of the herd for



136 The Roles of Amino Acid Chelates in Animal Nutrition

specific immunoglobulin levels and conduct a complete
feed intake analysis.

From the above, it can easily be inferred that
there is a movement to consolidate many different
disease entities into a new category that concentrates
on the immune function and trace element absorption and
metabolism as it relates to that function. Clinical
manifestation of different diseases may depend on the
segment of the immune system being affected by mineral
excesses or deficiencies. This is a new science which
will require tremendous effort to elucidate.
Nevertheless, even though at present we are unable to
identify all of the factors relating to this discipline,
we can effectively measure the positive results
emanating from the feeding of the amino acid chelates to
the bovine in a balanced nutritional program.
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Chapter 8

THE USE OF AMINO ACID CHELATES IN
BOVINE FERTILITY AND EMBRYONIC VIABILITY

Joseph E. Manspeaker* and Martin G. Robl**
University of Maryland

Infertility in the dairy cow is a major problem of
that industry. In the United States, the economic cost,
in losses per cow per year, is $116.25 or approximately
$1.266 billion total per year. Only mastitis creates
1arger losses. (1)

The causes of i nfert i 1i ty are many. Hormone
deficiencies or imbalances, diseases, insufficient or
improper nutrition, genetics, etc., can all contribute
to an inability of the cow to conceive, progress through
the gestation period, and ultimately deliver a healthy
normal calf. One problem which most practicing
veteri nari ans encounter frequently in repeat breeder
cows is endometrial scarring of the uteruses which
inhibits conception. Such a diagnosis does not
sufficiently explain why the cow cannot conceive.
Furthermore, the literature does little to elucidate the
relationship other than to acknowledg} that endometrial
scarring contributes to infertility.()

In an attempt to clarify this factor, the 160
Holstein cow herd at the University of Maryland was
studied during a seven year period. At the conclusion
of the research period, of the original herd, 45 cows
still remained in that herd and had not been
rep1aced. () The his tory of each cow was rev iewed,
clinical examinations performed, and rectal palpations
conducted. Biopsy samples from each uterus were removed
at 30 to 37 dats postpartum, and studied
histopathologically.C3..5) Finall¥, in many cases,
fiberoptic endoscopy was utilized.( )

* Deceased **Currently with Veterinary Specialty Diagnostics, Inc.
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The uterine biopsies helped to establish a basis
for the subsequent studies done with mineral nutrition
which are reported here. As stated above, as each cow
freshened, at about 30 to 37 days postpartum, samples
were taken from the med i a1 surfaces of the 1eft and
right horns and the body of the uterus as close to the
cervix as possible. The samples were then evaluated
microscopy using routine histologic techniques.

Bovi ne uteri ne tissue undergoes dynami c changes in
late gestation, at parturition, as well as during the
subsequent involution process.(5) Light microscopic
evaluation of endometrial biopsy tissues is an effective
method to assess these endometrial changes occurring in
individual animals.(7) Through this technique, changes
can be determined in (1) the stage and intensity of the
estrus cycle; (2) the type, amount, and severity of any
pathological changes; and (3) frequently, the horn in
the uterus in which the previous pregnancy occurred. (9)

In repeat breeders, this evaluation, along with rectal
palpation and other physical observations, endoscopic
findings, and breeding records together become important
because proper involution of the cow's uterus must take
place before pregnancy can occur and be rna i nta ined. (7.8)

During the seven year study previously mentioned,
it was determined that periglandular fibrosis, or
endometrial scarring, was the most common endometrial
1es ion, and endometri tis was the second most common
lesion. In spite of those findings, it was difficult to
correlate the data with breeding, conception, and
pregnancy performance. Furthermore, with many cows it
was impossible to predict with any degree of accuracy
the actual "fert i1i ty" of the cow. Someth i ng was
missing from our research. Some cows, which had less
pathological changes than the average cow (as developed
by the above data), would cycle normally, but not
conceive. Other cows, which had conceived, were unable
to maintain their embryos and subsequently abort their
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pregnancies. And finally, other cows in the herd which
had demonstrated greater uteri ne pathology than the
average cows, consistently conceived and had twelve to
thirteen month calving intervals.(IO)

Since no disease oriented justification could be
given for the infertile conditions of the animals with
the available diagnostic techniques, and acknowledging
that optimal nutrition is important and necessary for
fertilitY,(ll) it was believed that perhaps some
heretofore unelucidated basic nutritional factors were
involved in conception and in maintenance of the
embryo.(I) For example, in studies with other animals,
it had been noted that increased dietary copper sulfate
(CuSO.) had successfully shortened the postpartum period
7.3 days and decreased follicle maturation time.(12.13) In
other stud i es, it has been reported that manganese
deficiencies have contributed to infertility, delayed
estrus, poor conception rates and embryonic mortality in
cattle.(lO) Iodine supplementation along with vitamins
A, E, and C have increased the number of cows coming
into heat as well as reduced the time to achieve first
estrus. (1•. 15.16) From these data, and others, it was
postul ated that perhaps i ntracell ul ar metabol ism and the
transfer of nutrients, and particularly minerals, to the
reproductive organs and the embryo, may play more
important roles in bovine fertility than heretofore
suspected. (1)

In order to exami ne thi s concept in somewhat
greater deta i1, and wi th the cooperat i on of severa1
researchers at Brigham Young University, individual
cells from biopsied tissue from cows which were able to
concei ve and cows that coul d not, regardl ess of the
pathological condition of the reproductive organs as
determined by previous diagnostic techniques were
assayed by X-ray dispersion microanalysis. Magnesium
(Mg), sodium (Na), aluminum (AI), phosphorus (P), sulfur
(5), chloride (el), potassium (K), calcium (Ca),
chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co),
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nickel (Ni), and zinc (Zn) were assayed by this
technique. (17)

The data generated a few differences between the
cows whi ch we\~e concei vi ng and those that were not.
Zinc was generally absent in the cells of the biopsied
uterine tissue of infertile cattle and present in the
fert i1e cows. Neverthel ess, even though there were
trends indicated, there was no statistical correlation
between the presence of zinc and fertil ity. Iron,
copper, magnesium, and potassium also appeared to be
essential for cellular performance. Less of these
metals was found in the tissues of the infertile cattle,
but again, no definite correlations could be
established.

Manganese, on the other hand, was found to be
absent or severely deficient in the cells of biopsied
uterine tissue of every animal that had been determined
to be infertile. Furthermore, in the repeat breeders,
when tissue from the left and right uterine horns was
assayed, it was found that, in each case, conception had
occurred in the uterine horn which contained an
abundance of cellular manganese.(I]) While these data
did not reach statistical significance, they were
biologically significant(18) and tended to substantiate
a previous study involving 218 cows in which manganese
was also found to be deficient in cows which were not
conce i vi ng . (19)

It is recogni zed that the bovi ne reproduct i ve
organs are not static during the estrus cycle. The
epithelial cells and connective tissue change with
hormonal influences. For example, both the size and
morphology of the epithelial cells in the endometrial
tissues change during the estrogenic or follicular
stages as compared to the progesteronal or luteal stages
of the estrus cycle. The fluid content of the
connect i ve tissue is increased duri ng the estrogeni c
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influence, but is reabsorbed or lost during the
progesteronal phase. Furthermore, the amount of blood
flow also changes during the different stages of the
normal estrus cycle, being most congested during the
estrus or follicular stage.(7) Besides these changes,
which certainly effect mineral nutrition to the
reproductive organs, inadequate blood flow may also
compromise the capability of supplying an optimum
mineral nutrient level to the reproductive organs during
the negative nutritional phase of its lactation
cycl e. (20)

For these reasons, as well as justification from
the above analytical data, it was decided to design and
conduct a study involving the dairy herd at the
University of Maryland. Heifers that were pregnant with
their first calves were divided into two equal groups
according to their predicted parturition dates. Twenty
of the heifers, the control group, were fed the standard
prepartum balanced diet generally given the university
cows. The other twenty heifers formed the treated group.
In addition to the standard prepartum diet, they were
given an amino acid chelated mineral supplement. The
formula for this chelate supplement is shown in Table 1.

I Table 1 I
Amino Acid Chelate Supplement Given Dairy Cows

Metal %

Magnesium 24.0
Iron 10.0
Manganese 5.7
Copper 1.0
Zinc 14.0
Potassium 45.3

"Potass i urn was given as an amino acid complex.
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The amino acid chelates were selected for use in
this study for the following reasons: (I) based on past
observations, the inorganic minerals supplied in the
balanced prepartum diet may have been inadequate for
opt imum reproduct i ve performance; (2) there was the
possibility that these inorganic minerals were adequate
as formul ated, but that excess i ve amounts were
precipitated as inert compounds in the rumen and
intestines making them less accessible at the cellular
level and a deficiency resulted; (3) to have tried to
create adequaticy by increasing dietary levels of the
inorganic minerals may have led to toxicity, whereas the
amino acid chelates were shown to be non-toxic at the
proposed increased levels; (4) the amino acid chelates
have been shown to be an adj unct to the inorgan ic
minerals, making both more accessible; and (5) the amino
acid chelated minerals may help optimize reproductive
performance because they are more readily accessible at
intracellular levels in the endometrial tissue. The
amino acid chelates have been shown to retain their
i ntegri ty in the rumen(23) and a1so bypass the pept idase
activity of the lumen,(24) ultimately being absorbed as
organic molecules into the body tissues. Thus, the
essential metals appear to be released within the
endometrial cells as needed to perform vital metabolic
reactions. (20)

Each hei fer in the treated group was fed two
ounces (56.7 grams) daily of the amino acid chelated
mineral supplement in Table I for approximately 80 days
before expected parturition. After calving, these cows
were fed four ounces (113.4 grams) daily of the same
supplement until they conceived and their pregnancies
were confirmed by rectal palpations. These rectal
palpations were performed routinely every ten to
fourteen days after their first calving. Detailed
records of vaginal discharges, cervical and uterine
sizes and times, and ovarian activity were kept on each
animal. Records of any postpartum complications
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including dystocias, retained placentas, trauma, etc.,
breedings per conception (artificial insemination) and
endometrial histopathology were maintained.

Biopsy samples from the left and right uterine
horns and the body of the uterus were collected from
each animal between 30 and 80 days postpartum,
i rrespect i ve of the stage of estrus cycl e. These
specimens were studied histopathologically and analyzed
by X-ray dispersive microanalysis. (24) Vaginal, cervical
and uteri ne swabs for mi crobi a1 cul turi ng were a1so
taken at the time biopsy samples were collected.

The study continued for fifteen months, from
February to June of the following year. As the study
progressed, the differences between the two groups of
an i rna1s became pronounced, and in many cases, were
statistically significant. All of the differences were
biologically and economically significant.

Concept i on occurred on an average of 45 days
earlier in the treated group compared to the control
group. The involution and tone of the pregnant uterine
horns were better in the treated group than in the
control group. It was noted that in several of the
treated animals the pregnant horn was histologically
distinguishable from the non-pregnant horn at 30 to 35
days, while in the control group, the two horns were
still indistinguishable at 50 to 55 days postpartum.

In the control group eleven of the twenty animals
(55%) had extended estrus cycles, and five of these
eleven (45%) had two or more cycles that lasted five to
nine days longer than normal. Only six of the treated
group had extended estrus cycles (30%). Four of these
animals (20%) had two or more cycles that were longer
than normal.

An extended estrus cycle would suggest 30%
abortion for the treated group and 55% embryonic



The Use of Amino Acid Chelates in Bovine Fertility 147
and Embryonic Viability

mortality for the control group. However, following
artificial insemination, the control group experienced
confirmed embryonic mortality of 30.8%. This occurred
at 35 to 55 days after conception, Contrary to
projections based on the length of the estrus cycle,
there were no confirmed embryonic mortalities in the
treated group. Embryonic mortal ity was determined by
rectal palpation for embryonic depression in the uterine
horn where the fetus had been aborted. The depressions
in the control group were approximately 5 to 6
centimeters in length, 3 to 4 centimeters in width, and
elliptical in shape. The walls of the depressions were
much thinner than the surrounding tissue. The abortions
in the control group occurred between two and ten days
before rectal palpation. The more distinct the
demarcation between the surrounding uterine tissue and
the area of depression, the more recent had the abortion
occurred.

At the initial postpartum rectal palpation, the
treated group had more ovarian follicular activity than
the control group. These data are summarized in Table
2. At the time that the biopsy samples were taken, 35%
of the cows in the treated group had at least one mature
ovarian follicle (F3) and vaginal secretions which
indicated estrus. Twenty percent of the control animals
had a mature follicle and vaginal discharges. This
difference is significant as far as ovarian activity is
concerned. Si xty-four percent more of the treated group
were considered to be ready to rebreed 30 days after
calving than the control group.
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I Table 2 I
I Dairy Cow Ovarian Activity I

Ovarian Condition Control Treated
(%) (%)

Follicle 1 (small) 40.5 45.1
Follicle 2 (medium) 11.9 19.6
Follicle 3 (large) 0.0 1.9
Corpus luteum 16.7 9.8
No activity 26.2 21.6
Cysts 4.9 1.9

Cultures were taken from the vagina, the cervix
and the uterus. Bacteria were isolated from one treated
animal and five of the controls. The culture from the
one treated animal revealed a gram negative beta
hemolytic infection. The control group had Escherichia
coli, Clostridium perfringens, Lactobacillus, and
Corynebacteri urn spp. cul tured. Norma11 y, these
bacterial infections lead to later and weaker estrus,
and increased breedings per conception. As noted
earlier, bacterial infections also contribute to, or
cause, endometritis.(21)

Endometrial biopsies taken from the right and left
horns and the body of the uterus were evaluated by light
microscopy. Chronic endometritis, or inflammation, was
more severe and persisted for a larger period of time in
the control group compared to the treated group. This
obviously relates to a more difficult time achieving
conception in the control cows.

The incidence of periglandular fibrosis was
markedly reduced in the treated group which received the
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amino acid chelates. Only two of twenty animals, or
10%, were afflicted in the treated group compared to
eleven of nineteen, or 58%, of the cows in the control
group. Using chi-square analysis it was determined that
endometrial scarring, or periglandular fibrosis, was
significantly less (p<0.005) in the treated group.
Fibrosis, or scarring, in endometrial tissue is
considered a pathologic response when the tissue does
not regenerate properly following an injury. The
process of parturition is considered to be a cause of
this type of injury to endometrial tissue. The
pathologic examination also revealed that the horn of
the previous pregnancy was evident in more cows in the
control group and evident for a longer period of time
after parturition than in the treated group.
Consequently, when endometrial fibrosis occured, it
could be interpreted that the scarred tissue was not
regenerating properly. Although it is obvious that the
amino acid chelates had a positive effect on
regeneration of endometrial tissue, the exact
relationship of each mineral to this effect has not been
elucidated.(9)

The final histopathologic evaluation related to
the ce11 ul ar mi nera1 compos it i on of the uterus. The
normal levels of intracellular minerals in the
postpartum endometri a1 tissue of cows have not been
established, so comparisons made were not made against
"normal levels." The electron microscopic microanalysis
revealed clearly that there was more manganese in the
endometri a1 tissues of the treated group compared to the
control.

Although not completely elucidated, manganese
deficiency has been associated with silent estrus,
anestrus, infertility, abortion, immature ovaries, and
dystocias.~) Cows seldom display signs of a manganese
deficiency. Nevertheless, absorption is limited to 10%
to 18% of the total inorganic manganese in their diets



150 The Roles of Amino Acid Chelates in Animal Nutrition

and subclinical intracellular manganese deficiencies
could exist and in many cases, probably do.

Other minerals, including zinc and copper are also
re1ated to breed i ng effi ciency. Although there appeared
to be higher levels of these minerals in the endometrial
tissues of the treated group, no clear patterns could be
establ i shed. It was previ ously noted that copper
supplements had reduced follicle maturation time in
other species of animals.(12.13) This same phenomenon was
also observed in this bovine study in spite of the lack
of consistent histopathologic data.

These data, however, did establish that amino acid
chelated minerals are accessible at the intracellular
levels in the endometrium where they can be used, as
needed, in vital metabolic reactions.(IO) The roles that
these minerals play alone or in synergism with other
nutrients and how they maintain a proper uterine
environment for a viable embryo are not completely
understood at present.

What i s understood are the pas it i ve resul ts in
cattle receiving the amino acid chelated minerals in
their diets. There were increased ovarian activity as
well as more effective involution and regeneration of
endometrial tissue. Fewer persistent bacterial
infections, endometritis, and periglandular fibrosis
were also noted when the cows were fed the amino acid
chelates. Finally, the amino acid chelates reduced
embryonic mortality. This study suggests that the
nutritional and mineral status at the cell level are
vital to endometrial health, embryonic viability, and
overall fertility in the bovine.
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Chapter 9

THE ROLE OF COPPER IN
BEEF CATTLE FERTILITY

J. Robert Kropp
Oklahoma State University

The Oklahoma State University Beef Cattle Center
herd currently consists of over 250 head of producing
females representing six different breeds (Angus, Polled
Hereford, Horned Hereford, Brangus, Limousin, and
Simmental). Prior to 1986, and despite feeding protein
and energy levels in excess of 1984 NRC requirements,
fertility, as measured by percentage of females pregnant
90 days after the breeding season, was relatively low
(less than 75%).

Because of this low fertility an intensive
investigation was initiated in an attempt to identify
possible reasons for the problem. Clinical
investigations did not generally reveal any significant
manifestations that would interfere with conception. It
was noted, however, that an analysis of the blood serum
revealed that several of the minerals analyzed were low.
These data are summarized in Table 1.

154
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I Table 1 I

I Initial Blood Serum Analysis I
Mi nera1 Level Normal Range

Calcium, mg % 6.6 9-12
Phosphorus, mg % 3.4 4.5-7.0
Magnesium, mg % 1.4 2-3
Potassium, mg % 19.4 15-23
Selenium, ppm 0.047 .07-.30
Copper, ppm 0.217 .7-.10
Zinc, ppm 0.913 1.5-1.8
Iron, ppm 1.317 .9-2.5
Manganese, ppm 0.039 .01-.03

Low levels of calcium, phosphorus, magnesium,
selenium, copper and zinc were noted. The liver copper
level of a Hereford cow which was slaughtered was 8.4
ppm (normal> 40 ppm). An Angus calf, which died
shortly after birth, had a liver copper level of 62 ppm
(normal> 300 ppm). One of the first clinical symptoms
in a copper deficient cow herd is achromotrichis (loss
of hair color). Angus cattle will typically exhibit
brown pigmentation rather than black color,particularly
around the eyes, tips of the ears, and over the top,
especially behind the shoulders. This condition was
prevalent in the Angus herd.

All of these observations suggested that perhaps
the fertility problem in the university herd was
nutritionally oriented. Morrison has emphasized that
nutrition is particularly important for optimum
reproduct ion. (1) Copper, in part i cul ar, is essent i a1
duri ng gestat i on as trends in Fi gure 1 suggest. (2)
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Fi gure 1. Copper retent ion in rats duri ng
pregnancy compared to non-pregnant control s at
different copper levels in the diet.

Soil samples, forage samples and feed grains were
analyzed for nutrient composition and especially mineral
levels. Following these analyses, a mineral mix was
formulated which contained 66% dicalcium phosphate, 29%
trace mineral ized salt and 5% cottonseed meal. The
trace mineral salt contained sodium chloride, manganous
ox; de, iron oxi de, ferrous carbonate, copper oxi de,
ethylenediamine dihydroiodide, zinc oxide, cobalt
carbonate and technical white mineral oil. The
guaranteed analysis of the trace mineral salt is shown
in Table 2.
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I Table 2 I
Inorganic Trace Mineral Salt Composition

Salt (NaCl) Not more than 97.0%
Salt (NaCl) Not less than 92.0%
Manganese (MnO) Not less than 0.25%
Iron (FeO and FeCO) Not less than 0.20%
Copper (CuO) Not less than 0.033%
Iodine (EDDI) Not less than 0.007%
Zinc (ZnO) Not less than 0.005%
Coba1t (CoCO) Not less than 0.0025%

The animals showed some visual improvements in the
previously indicated traits. The improvements were not
sufficient, however, to overcome the reproductive
problems. Nevertheless, these improvements suggested
that the fertility problems may be a result of
inadequate mineral nutrition, and that this could be
corrected.

The late Professor Eric Underwood has pointed out
that "the evaluation of feeds and feed supplements as
sources of minerals depends not only on what the feed
contains, i.e. the total content or concentration as
determined physicochemically, but on how much of the
total mineral can be absorbed from the gut and used by
the animal's cells and tissue." C

) Due to a concern with
bioavailability, it was decided to provide amino acid
chelated minerals to the cows to see if they would
absorb more of these minerals than from th8 previous
mineral supplement, and if that greater bioavailability
would correct the reproductive problem of the herd.

The herd was placed on a free choice mineral and
vitamin supplementation program. The supplement
consisted of 50% salt (NaCl) and 50% minerals from both
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the amino acid chelates and from inorganic sources. The
formulation is seen in Table 3. A three ounce (85g)
intake of this supplement supplied 170 mg of copper.
Copper was the only trace element, other than iron,
which was significantly modified in the formulation in
Table 3 compared to Table 2. The iron was removed from
the revised mineral supplement because it interferes
with copper metabolism, and feed analysis had determined
that the feed contained adequate iron and required no
further supplementation.

Table 3

Mineral and Vitamin Composition of Salt Supplement

Calcium (CaP04 ), not more than
Calcium (CaP04 ), not less than
Phosphorus (CaPO.), not less than
Potassium (KCl and amino acid complex), not less than
Magnesium (MgO and amino acid chelate), not less than
Zinc (amino acid chelate), not less than
Manganese (amino acid chelate), not less than
Copper (amino acid chelate), not less than
Cobalt (amino acid chelate), not less than
Iodine (EDDI), not less than
Selenium (SeSO))
Vitamin A, minimum per lb.
Vitamin 03 , minimum per lb.
Vitamin E, minimum per lb.

9.0 %
8.0 %
8.0 %
3.0 %
4.75%
0.7 %
0.3 %
0.2 %
0.0025%
0.001 %
0.002 %

280,000 IU
59,000 IU

400 IU

Subsequent blood serum analysis suggested that the
trace mineral supplementation program, as provided in
Table 3, resulted in increased blood serum copper
levels. All tested animals had an average blood serum
copper level of 0.8 ppm copper, which was well within
the normal range and a four-fold increase from the first
analysis.

These fi ndi ngs become very encouragi ng because
animals which had been grazing in copper deficient
pastures were experiencing low fertility. The females
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di spl ay depressed or del ayed estrus. In some cases
where pregnancy did occur, the gestating mother aborted
a small dead fetus. (4) The sign i fi cance of the copper
ami no ac id che1ate had an even greater impact when
copper availability from herbage was considered.
Regardless of whether a pasture is deficient or not,
fresh herbage is less effective in promoting body copper
stores in cattle than hay or dried herbage or equivalent
tota1 copper content. (5) Grace, et li., reported that
the rate of conception in ruminants is directly related
to the rate of uptake of copper. (6) From these
observations it was reasonable to hypothesize that by
providing additional biologically available copper via
an amino acid chelate as part of a special mineral
supplement, fertility would increase in those animals
grazing in copper deficient pastures.

Forty 2- and 3-year old first calf heifers located
at the Oklahoma State University Purebred Beef Center
Range were utilized. Five different breeds were
represented: Angus (15), Horned Herefords (12), Polled
Herefords (5), Brangus (5), and Simmental (3). All of
the females calved between January 31 and March 5. In
addition, all of the females utilized in the study had
free access to 50% salt and 50% of the mineral formula
seen in Table 3 for one year prior to the start of the
study. Providing the amino acid chelates to all of the
animals in the study for one year prior to testing the
variables equal ized the starting point so that the
heifer randomization would be more fair.

Pri or to the tri a1, all of the fema1es were
rna i nta ined on dormant 01 d Worl d 81 uestem pasture and
supplemented with 20 pounds of mature native range grass
(6% crude protein, 45% TDN) and 5 pounds of 20% crude
protein range protein supplement per head per day, plus
free access to the 50% salt: 50% special mineral
supplement (Table 3). The base diet, excluding the
mineral supplement, contained 31 ppm zinc, 81 ppm
manganese, 5.6 ppm copper and 2.3 ppm molybdenum. The
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copper:molybdenum and zinc:copper ratios were 2.4 and
5.6, respectively.

A schematic diagram of the trial is presented in
Fi gure 2. On Apri 1 4 (the start of the tri a1), the
initial blood samples were drawn, and the cow-calf pairs
were randomly assigned to one of two mineral
supplementation programs by breed, calving date, and
body condition score to minimize the effects across
treatments. In addition, for the controls the free
choice ration of 50% salt: 50% special mineral
supplement consisting of amino acid chelates, inorganic
trace minerals, major minerals plus vitamins A, D3 , and
E was removed from the pasture and rep1aced wi th a
mineral supplement containing 66% dicalcium phosphate,
29% salt and 5% cottonseed meal.

April 4
Blood
Sample #1
•

April 18 April 27 June 17
Blood Sample #2

5MB Implant Removal 5MB Blood Sample #3

l!nOrganiC/Amino Acid Chelate SUPPlemen~J

April 16 April 30

I~ 1 lb. Supplement ~J
r 75 Days 1

Figure 2. Schematic design of trial.

A gO-acre 01 d Worl d Bl uestem pasture was sp1it
into two 45 acre pastures by an electric fence. All of
the females remained on the base nutritional program
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(Old World Bluestem pasture, 20 pounds of native grass
hay, and 5 pounds of a 20% crude protein range
supplement.) The mineral treatments consisted of amino
acid chelates (copper, zinc, manganese, and magnesium)
and potassium amino acid complex versus inorganic trace
minerals (copper sulfate, zinc sulfate, manganese oxide,
magnesium oxide and potassium chloride) to supply
ident i ca1 1eve1s of copper, zinc, manganese and
potassium. The test diets were incorporated into a 20%
crude protein range supplement fortified with 14,687
I.U. of vitamin A, 3125 I.U. of vitamin D3 , 150 I.U. of
vitamin E, and 2.5 mg of selenium per pound. Both
treatment supplements were fed at the rate of 1 pound
per head per day. Including the basic nutritional
program, the diets were formulated to supply a total of
18 ppm copper, 71 ppm zinc, 89 ppm manganese, 0.15%
magnesium and 0.90 %potassium. The supplemental native
grass hay and 5 pounds of 20% crude protei n range
supplement were discontinued on May 1. The one pound
per head daily treatment supplements were fed until June
15.

A special formulation of amino acid chelates was
utilized 14 days prior to breeding at the level of 2
ounces per head per day in one pound of ground corn.
The amino acid chelated group received this formulation
which contained 5.5% Mg (MgO), 3.8% K (KC1), 400,000
I.U. of vitamin D3 , 85,000 I.U. of vitamin A, and 570
I.U. of vitamin E per pound, as well as copper,
manganese, zinc, and magnesium in the amino acid
chelated forms and potassium as an amino acid complex.
The inorganic trace mineral group received a similar
formula except that the copper, manganese, zinc, and
magnesium amino acid chelates and potassium amino acid
complex were replaced by inorganic sources (copper
sulfate, manganese oxide, zinc sulfate, magnesium oxide
and potassium chloride). These formulas are summarized
in Table 4.
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I Table 4 I
Treatment Group Levels (mg) of Copper, Manganese, Zinc, Magnesium,
and Potassium

1 1b. 20% 2 oz. Total
Supplement Amino Acid Chelate Supplemental

Chelate Inorganic Chelate Inorganic Chelate Inorganic

CuSo4 -- 178 mg -- 48 mg -- 226 mg
Cu Chelate 154 mg 24 mg 45 mg 3 mg 199 mg 27 mg

MnO -- 275 mg -- 80 mg -- 355 mg
Mn Chelate 231 mg 44 mg 65 mg 15 mg 296 mg 59 mg

ZnS04 -- 563 mg -- 258 mg -- 821 mg
Zn Chelate 466 mg 97 mg 233 mg 25 mg 699 mg 122 mg

MgO -- 1352 mg -- 3660 mg -- 5012 mg
Mg Chelate 142 mg 1210 mg 368 mg 3292 mg 510 mg 4502 mg

KCL -- 823 mg -- 2452 mg -- 3275 mg
K Complex 142 mg 681 mg 368 mg 2084 mg 510 mg 2765 mg

The amino acid chelates were supplied to treatment
groups from April 17 to April 30. On April 17, all of
the cows were injected wi th 2 cc of Synchro-Mate B
i njectabl e (Norgestomet pl us estradi 01 val erate) and
impl anted with the Synchro-Mate Bimpl ant (Norgestomet).
The implant was removed on April 27 (Day 10). The cows
were observed four times daily for signs of estrus
starting on April 28. Those cows exhibiting estrus were
artificially inseminated approximately 12 hours after
the observed heat.

Blood samples were obtained from all animals in
the experiment on April 4, April 27, and June 17, using
sodium heparinized trace element collection tubes and a
vacutainer collection needle and holder. A 7 cc sample
of blood from the jugular vein was utilized for
hemoglobin, catalase, Cu-Zn superoxide dismutase, and
glutathionine peroxidase analyses.
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Serum samples were collected using B-D vacutainer
trace element serum tubes. The serum was analyzed by
atomic absorption spectrophotometry with a Zeeman
background correction.

Whole blood hemoglobin was determined by use of
the Si gma Total Hemogl obi n Procedure no. 525, (7) and a
quantitative colormetric determination was accomplished
using Drabkin's reagent at 540 nm.

Heparinized blood samples were centrifuged at 4800
RPM for 5 mi nutes. Pl asma was siphoned off into
adequate storage containers and frozen at 100 C. The
buffy coat was discarded and approximately 3 volumes of
sterile physiological saline were added to re-suspend
the erythrocytes. The sample was re-centrifuged and the
procedure repeated twice more.

Approximately three to four times the volume of
double distilled water (Type III) was added to the RVC
pellet to hemolyze the red blood cell. The lysate
hemoglobin value(7) was determined as described in step
#2, and a portion of the sample was diluted to
approximately 1 mgjml total protein for the Lowry's
protein assay no. P5656 which was determined with an
absorbance measured at 500 nm. (8)

The lysate was diluted to 5 mg proteinjml in pH
7.8 and 0.05 Mpotassium phosphate buffer for use in the
cata1ase and Cu-Zn superoxi de di smutase assays. One
hundred microliters of lysate was incubated with 100
microliters of 1 mM copper sulfate for one hour at room
temperature, and then a 5 mg proteinjml dilution was
made. The pH was maintained at 7.8 by the 0.05 M
potassium phosphate buffer. This procedure was used to
rerun the Cu and Zn superoxi de di smutase assays to
determine if there was complete copper saturation of the
assay. The Cu and Zn superoxide dismutase assay was an
NBT inhibition assay done according to the method of
Oberly and Spitz.(9) One unit of superoxide dismutase
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activity equals that amount of protein that gives half
maximal inhibition of NBT reduction.

Two of the heifers receiving the amino acid
chelate supplement were removed from the study because
one became lame and the Syncro-Mate B implant fell out
from the other. One cow receiving the inorganic mineral
supplement was removed from the study after her calf
died.

Because erythrocyte superoxide dismutase may be a
better potential index of copper deficiency than plasma
copper or ceru1op1asmi n act i vi ty ,(11) the copper and zinc
superoxide dismutase activity in the red blood cell is
shown in Table 5. The red blood cell activity of the Cu
and Zn superoxide dismutase, an erythrocyte enzyme, is
principally dictated by the copper status of the animal
at the time of erythrocyte synthes is. (10) Compari son of
superoxi de di smutase act i vi ty between treatments
indicates an interesting relationship. The amino acid
chelated supplemented females exhibited increased
superoxi de di smutase act i vi ty from the start to the
finish of the trial, while the inorganic trace mineral
supplemented females exhibited decreased enzymatic
activity.

I Table 5 I
Blood Analysis of Copper and Zinc Superoxide
Dismutase Activity

Cu and Zn-Superoxide dismutase activity
(units/mg protein-RBC Lysate)

Bleeding Chelate Inorganic

April 15 52.9 59.0

June 17 59.3 56.8
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Compari sons of the Cu and Zn, superoxi de di smutase
activity within treatments indicates an increase in
copper status within the amino acid chelate supplemented
cows and a trend toward decreasing copper status in the
inorganic supplemented cows. This suggests the amino
acid chelated copper to be more biologically available
than the copper sulfate used in this trial.

The results of estrus activity, the first service
conception rates, and the 20S-day weaning weights for
the calves, are presented in Table 6. The amino acid
chelate supplemented cows exhibited more standing heats
and had a greater percentage of females conceiving on
the first service than did the inorganic mineral
suppl emented cows. Fourteen of the 18 ami no acid
chelate supplemented females exhibited a standing heat
after removal of the Syncro-Mate B implant. Of the 14
heifers that cycled, 10 conceived on the first service.
The reproduction performance of the females receiving
the inorganic trace mineral supplement was significantly
poorer (P<0.05). Only 8 of the 19 females receiving the
inorganic trace minerals cycled after removal of the
Syncro-Mate B implant. Furthermore, only 2 of those 8
conce i ved. Therefore, 55.6% of the tota1 ami no ac id
chelate supplemented cows actually conceived, while only
10.5% of the inorganic trace mineral supplemented
females conceived on the first service.
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Table 6

Estrus Activity, First Service Conception, and 205
Day Adjusted Weaning Weights of Calves

Mineral Supplements

Condition

Females, total
Females, exhibiting estrus
Percent of females exhibiting estrus
Females, first service conception
Percent of females exhibiting estrus

that conceived on first services
Percent of total females conceiving

on first service
Body condition score
Weaning weight (205-day) all calves

Chelates

18
14
77. 8~
10

71.4c

55.6c

5.0
575~

Inorganic

19
8

42.1 b

2

a.b Means in same row with different superscripts differ (P <0.05)
c.d Means in same row with different superscripts differ (P <0.01)

The weaning weights of the calves were adjusted
for age in days to a 205-day bas is. No age of day
corrections were made since all females were first calf
heifers. The amino acid chelate supplemented females
weaned 47 pounds more calf than the inorganic
supplemented females. Based upon a 100 head cow herd
comparison and using current feeder calf prices, the 47
pound per calf advantage in weaning weight could be
worth an additional $4,700. In addition, due to
differences in first service conception rates, if 45
more calves could be produced 21 days earlier and an
average of 2 pounds per day gain could be realized, then
at current prices, $1,890 additional income could be
added to the program. The total input cost or
additional feed cost for 100 cows was $477.50.
Therefore, the net return to the producer woul d be
$6,112.50, or for every dollar invested, $12.80 net was
returned.
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The results of this trial indicate an improved
estrus act i vi ty and concept i on rate wi th cows
supplemented with amino acid chelates and particularly,
copper ami no ac id che1ates. Though the number of
females were limited, the differences were large.



168 The Roles of Amino Acid Chelates in Animal Nutrition

References

1. Morrison,
(Clinton:
1961.

F., Feeds and Feeding, Abridged
The Morrison Publishing Co.) 124,

2. Krichgessner, M., et li., "Studies on the super
retention of trace elements (Cu, Zn, Mn, Ni, Fe)
during gravidity," in Kirchgessner, M., ed.,
Trace Element Metabolism in Man and Animals
(Freising: University of Munich) 441, 1978.

3. Underwood, E., The Mineral Nutrition of Livestock
(Slough: Commonwealth Agricultural bureau) 15,
1981.

4. Howell, J. and Hall, G., "Infertility associated
wi th experi mental copper defi ciency in sheep,
guinea-pigs and rats," in Mills, C., ed., Trace
Element Metabolism in Animals (Edinburgh: E & S
Livingston) 106, 1970.

5. Hartmans, V. and Bosman, M., "Difference in the
copper status of grazing and housed cattle and
their biochemical backgrounds," in Mills, C.,
ed., Trace Element Metabolism in Animals
(Edinburgh: E & S Livingston) 362, 1970.

6. Grace, N., et li., "Accumulation of Cu and Mo by
the foetus(es) and conceptus of single twin
bearing ewes," in Hurley, L., et li., eds., Trace
Elements in Man and Animals (New York: Plenum
Press) 311, 1988.

7. Sigma Chemical Company, Biochemicals Organic
Compounds for Research and Di agnost i c Reagents
(St. Louis: Sigma Chemical Co.) 1836, 1989.



The Role of Copper in Beef Cattle Fertility 169

8. Ibid, 1751.

9. Oberley, L. and Spitz, D., "Assay of Superoxide
Dismutase Activity in Tumor Tissue," Methods in
Enzymology (Orlando: Academic Press) VI05, 457,
1987.

10. Coffey, R., Personal communication, October 18,
1988.

11. Suttle, N. and McMurray, C., "The use of
erythrocyte superoxide dismutase and hair or
fleece Cu concentrations in the diagnosis of Cu
responsive conditions in ruminants," Sr. Vet. J.,
1980.



Chapter 10

THE USE OF AMINO ACID CHELATES IN HIGH
PRODUCTION MILK COWS

Andrea Formigoni, Paoli Parisini, and Fulvio Corradi
University of Bologna

There has been a continuous effort on the parts
of many researchers throughout the worl d to invest igate
various nutritional alternatives in an attempt to
maximize milk production and reproduction efficiency in
dairy cattle with high genetic potential. The
nutritional needs of such animals are very high because
the dairy cow is an exceedingly complex animal involving
innumerable biochemical processes, each of which
requires a continuous source of many different
nutrients. Because it is not possible in this
presentation to consider the nutritional needs for each
individual biochemical process,these processes are
grouped together and examined according to functional
categories: (1) maintenance, (2) growth and fattening,
(3) reproduction, (4) production of milk, and (5) work
or exercise.(1) Many investigators have studied each of
these functional categories using different types and
quantities of nutrients in hopes of reducing nutrient
deficiencies within a category which in turn would
increase the yi e1d of the da i ry cow and irnprove its
health.

One of the basic needs of the ruminant along with
a source of nitrogen and a source of energy and perhaps
some vitamins is a source of minerals.(2) While the need
for minerals is well established, the effects of mineral
bioavailability on the various functional categories is
not. It is well documented that when essential trace
elements, such as iron, cobalt, zinc, copper and
manganese, are chelated with amino acids, their
absorption into the animal's body is increased.(3) This

170
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The absorpt i on of the ami no ac id che1ates i s
increased because:

1) The competition between metal ions for
absorption sites in the intestine is avoided. This
competition is particularly evident between cations
which are chemically similar, but have different bonding
affinities, such as copper and iron in relation to
transferri n. (5)

2) The amino acid chelate avoids the sequestering
and subsequent precipitation of metal ions that were
ingested as salts and then ionized in the rumen and
intestines. Such precipitants include oxylates,
phosphates, oxides, phytic acid, etc. An insoluble
mi nera1 compound i s not absorbed. (5)

3) The amino acid chelates are absorbed intact
without degradation in the rumen. Because these
chelates do not require carrier proteins as do metal
ions to be absorbed, the potential problem of depression
in enzymatic generation of carrier proteins is
avoided.(6)

4) The amino acid chelate is not dependant upon
the quantity of vitamins in the diet for absorption
(such as vitamin D and calcium).

5) The level of fiber in the ration, or the
transit speed of the chyme through the digestive tract
does not influence intestinal uptake of the amino acid
chelate to the same degree it does with metal salts.

While the above list may itemize some benefits for
using amino acid chelates of metals for supplemental
mineral nutrition, it also points out the many obstacles
that can interfere with the absorption of inorganic
supplemental minerals when trying to achieve significant
increases in mineral uptake. Given these problems, the
quantities of trace elements that are effectively
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absorbed by the ruminant at any given time are difficult
to ascertain with any degree of predictability. This
often results in deficiencies of these minerals in the
diet, which are either primary deficiencies, or are
frequently, deficiencies as a result of poor absorption
(secondary deficiency).

The fact that many cations are chelated to amino
acids in the lumen before absorption automatically
generates interest in a prechelated mineral to improve
their absorption. As a manufactured product, chelation
involves the formation of a ring structure between the
amino acid and the metal ion through coordinant covalent
bonding. If this chelation process is compatible with
the natural process of the animal itself, then its
absorption should accomplish the following:

1) There should be reduced interference with the
absorption of the mineral by various components in the
diet, such a oxylates, phytates, fiber, etc.(3)

2) There should be improved absorption of the
minerals themselves, thus making them more available to
participate in the functional categories.

3) As a result of greater absorption, there should
be greater production due to the prevention of mineral
related diseases and biochemically greater utilization
of all of the nutrients due to synergism between
nutri ents. (7)

With these benefits in mind, it was decided to
design an experiment in which the greater absorption of
the amino acid chelates was examined as it related to
two interrelated functions in the dairy cow:
reproduct i on and mi 1k product ion. Other data have
suggested that definite advantages can be obtained in
these categories with the chelates.
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When a cow has the genetic potential of greater
milk production, but is producing small quantities of
milk, any positive nutritional changes will result in
more mi 1k. The use of these types of cows does not
fa i rly eva1uate the effect i veness of the tested nutri ent
in increasing milk production. For this reason 46 high
producing dairy cows were selected for this study. The
breed of the cows was Fresian. All were maintained in
open stables.

The cows were divided into two groups of 23
animals each. The division was based on the number of
parturitions and the quantity of milk produced during
the previous lactation. Assignment into one of the two
groups occurred ten days after calving. All of the cows
ca1ved wi th ina six-month peri od. Group A was the
experimental group, and Group 8 was the control. 80th
groups received exactly the same feed which is shown in
Table 1.

Tab1e 2 presents the cherni cal anal ys i s of the feed
ration. Two samples were taken for the analysis, and
the data averaged. Tab1e 3 presents the chemi cal
analysis of the feed concentrate. Two samples of the
concentrate were taken, and the analytical data
averaged. Every time a new batch of feed was given to
the cattle, its individual ingredients as well as the
total feed were analyzed by taking two separate samples
and averaging the analytical results, in order to ensure
that it conformed to the feed specifications for this
experiment. The data in Tables 2 and 3 are the means of
all of these analyses with their standard deviations.
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1~~~~~~~~~;;;;;;;;T;;;;;;;;a;;;;;;;;bl;;;;;;;;e~l~~~~~~~~~1
I Feed Formulation Given Cows Daily I

Basic formulation for 23 Kg of milk (50.6 lbs)

Corn silage 18 Kg
Hay 6 Kg
Wheat 1 Kg
Feed concentrate 7 Kg
Water 7 Kg

Supplemental Formation
Feed concentrate

In Milking Parlor
Feed concentrate

1 Kg (2.2 lbs) extra feed
concentrate for each 2.2
Kg (4.8 lbs) of milk
produced beyond the 23 Kg
(50.6 lbs) per day.

0.4 Kg per day

I Table 2 I
Chemi ca1 Analyses of Dairy Cow Feed Ration

Dry matter 46.83% ± 0.85
Crude protein 13.10% ± 0.20
Crude fiber 20.69% ± 1.10
Crude fats 2.71% ± 0.02
Ash 6.97% ± 0.09

Iron 221 ppm
Zinc 112 ppm
Manganese 66 ppm
Copper 16 ppm
Iodine 2 ppm
Cobalt 1 ppm
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I Table 3 I
Chemical Analyses of Feed Concentrate

Moistu "'e 12.70% ± 0.60
Crude protein 19.90% ± 0.38
Crude fiber 7.20% ± 0.12
Crude fats 5.60% ± 0.09
Ash 8.10% ± 0.13

Zinc 275 ppm
Iron 195 ppm
Manganese 102 ppm
Copper 33 ppm
Iodine 5 ppm
Cobalt 2 ppm

Each cow in both the experimental and the control
groups recei ved enough feed ab 1i bi tum to meet the
requirements for their maintenance and the production of
the first 23 kg (50.6 lbs) of milk. Through the use of
auto feeders, a supplementary ration was provided to
each cow on the basis of 1 kg (2.2 lbs.) of additional
feed, as the feed concentrate, for each 2.2 kg (4.8
lbs.) of additional milk production per day. In the
milk parlor, each cow received an additional 0.4 kg (0.9
1bs.) of feed concentrate per day regardl ess of the
quantity of milk produced. Group A, the experimental
group, also received a supplement of amino acid
chelates. It was mixed with the feed concentrate that
was given in the milking parlor at the rate of 12.5
grams of ami no ac id che1ate per 400 grams of feed
concentrate. Table 4 presents the analysis of this
chelate supplement.
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I Table 4 I
I Amino Acid Chelate Analysis I

Minerals (mg/Kg)

Iron 23,400.0
Cobalt 100.0
Zinc 4,800.0
Manganese 4,400.0
Copper 3,300.0

Amino Acids (g/100g of protein)

Aspartic acid 9.44
Treosine 3.27
Serine 3.60
Glutamic acid 25.83
Proline 7.61
Alanine 4.95
Valine 5.43
Creatinine 0.79
Isoleucine 4.08
Tyrosine 2.20
Phenalanine 4.22
Lysine 5.36
Histidine 3.89
Arginine 6.50
Leucine 7.12

The study lasted 221 days. In the course of this
time, seven cows were removed because they fa i1ed to
conceive upon rebreeding. Three cows were taken from
Group A and four from Group B. Th is was cons idered
normal.
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The mi 1k product i on for each cow was measured
weekly. These data were analyzed using ANOVA implying
a factorial of 30 x 2 (thirty weekly tests per two
treatments). In order to reduce the variability between
groups (i. e., mul t i parous and pri mi parous), the mi 1k
production values were reported in percentages of
average production from each cow in the first five days
following the colostrum period.

During the course of the study, milk samples were
taken on three separate occasions. These samples were
tested for pH, butterfat, protein, SH/50 acidity, cell
count, and sugar content. The data obtained from these
tests were stat i st i cally assessed us i ng ANOVA wi th a
factorial of 3 x 2 (three samples per two treatments).
In addition to collecting data on milk production,
reproduct i ve effi ci ency was a1so measured. The data
collected included the following:

The interval between parturition and first
heat
The interval between parturition and first
insemination
The interval between parturition and
conception
The number of breedings (artificial
insemination) required to attain confirmed
pregnancy.

All of the above reproduct i on parameters were
measured and analyzed using chi-square analysis. A
statistically significant difference between the two
groups of cows was ascertained in regards to the number
of cows that showed fi rst heat wi th in 30 days after
calving, the number of cows that could be rebred and
conceive on the first breeding within 55 days after
calving, and the number of cows that became pregnant
within 80 days after calving. The chi-square analysis,
as it related to the number of artificial inseminations
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per pregnancy, was chosen to demonstrate any differences
between the number of cows belonging to the two groups.

In addition to reproductive data, information was
also gathered on the conditions of birth; that is, the
degree of ease or di ffi cul ty. The pathology of the
reproductive tract was determined as well. Because of
their subjective nature, neither of these data fields
were statistically analyzed. The milk production data
are shown in Table 5.

I Table 5 I
I Milk Production I

Experimental Control
Group A Group B

Number cows at beginning 23 23

Number cows at conclusion 20 19

Average days to lactation after calving 9.9 10.2

Average initial milk production 34.19 Kg 34.08 Kg
(75.21 lbs) (74.98 lbs)

Average final milk production 25.48 Kg 24.36 Kg
(56.84 lbs) (53.59 lbs)

Average total milk production 33.29 Kg 32.74 Kg
(73.23lbs) (72.03 1bs)

As shown in Table 5, there is a slight difference
of approximately 2% in favor of the experimental group
as far as tota1 mi 1k product ion i s concerned. Th i s
level of difference is too small to be statistically
significant although there may be some economic
significance. In effect, the data described in Table 5,
when analyzed weekly, showed a gentle see-sawing
variation in production which follows a common trend
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between both groups. This trend appears not to be tied
to the use of the amino acid chelates, but rather the
length of time the cow has been in its lactation cycle
(P<O.05). The production tends to increase gradually
and constantly for approximately two months, then
decline. For those reasons, as far as the production of
mi 1k i s concerned, the differences between the two
groups is negligible.

These data are not consistent with the data
reported by Ashmead(8). He presented data on a 95 cow
high production Wisconsin dairy in which milk production
was significantly increased when the cows started
receiving a supplement of amino acid chelates. In this
case, the normal lactation curve described above did not
occur. Instead, milk production continued to increase
during the 21 month study. These data are summarized in
Figure 1. The experimental designs of the two studies
are slightly different. Different breeds of cattle were
also used in the two experiments. Finally, different
feedstuffs were also provided in the two studies. Each,
or a combination of all these factors, as well as other
unidentified factors, may have contributed to the
different results in the two studies.
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THE EFFECT OF AMINO ACID CHELATES
ON MILK PRODUCTION
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Figure 1. The effect of amino acid chel ates on
milk production.

Returning to the current experiment, Table 6
summarizes the qualitative data on the samples of milk
that were taken. There is some statistical significance
on the percentage of butterfat (P<O.OS) and protein
(P<O.OI) as a function of the time of sampling as it
relates to the lactation curve. With the advancement of
the lactation phase, there is an increase in the
percentage of protein and butterfat in the milk. These
differences may also be related to the amino acid
chelates in the diet.
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I Table 6 I
I Qualitative Differences in Mi 1k I

Experimental Control
Group A Group B

pH 6.59 6.58

Butterfat 3.16% 3.12%a

Protein 3.06% 2.98%b

Cell cultures (X 1000) 297.86 326.83

Sugar content 4.89% 4.77%

aSignificant for P < 0.05
bS ign i fi cant for P < 0.01

These observat ions concerni ng butterfat product ion
seem to be confirmed in another study involving a dairy
cow herd. (8) As the 1actat i on peri ad advanced J butterfat
production increased. During that period of increase
the cows were receiving amino acid chelates as a
suppl ement. When the suppl ement was di scant i nued the
butterfat production declined even though the lactation
period was still increasing. When the animals resumed
receiving the amino acid chelates, their butterfat
production increased. These data are seen in Figure 2.
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THE EFFECT OF AMINO ACID CHELATES ON BUTTERFAT PRODUCTION
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Figure 2. The effect of amino acid chelates on
butterfat production.

The reproductive data were also statistically
significant. These data are shown in Table 7, and
demonstrate clear differences between the two groups.
The period between parturition and conception was almost
25 days less for the experimental group which received
the amino acid chelate supplement. This reduction in
time was due, in part, to the animals coming into heat
sooner so that they could be rebred sooner.
Furthermore, the number of times the experimental group
had to be rebred to ach ieve concept i on was reduced
almost 24% compared to the control group. It took 2.05
artificial inseminations for the experimental group and
2.68 for the controls to achieve impregnation. The
number of confirmed pregnancies that occurred in the
first 80 days after calving were 45 for the experimental
group compared to 15 for the control group. The 30
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extra pregnancies amounted to a 300% increase and was
statistically significant at P<0.05. The total number
of days that it took the entire group to conceive and
have a confirmed pregnancy was 19% less for the
experimental group.

I

Table 7

IReproductive Activity

Experimental Control
Group A Group B

Number of cows 20 19

Period from parturition 54.70:!: 15.38 52.89:!: 17.79
to first heat (days)

Period from parturition to 67.45:t 36.47 66.37 :t 16.92
to insemination (days)

Number of pregnancies in 45" 15"
80 days from parturition

Total days for group from 102.25 ± 48.81 127.00 ± 44.59
parturition to conception

Number of inseminations 2.05 ± 1.00 2.68 ± 1.70
per insured pregnancy

.. The difference is significant for P< 0.05.

Even though this particular study did not
demonstrate significant increases in milk production,
the qua1i ty of the mi 1k produced, and the earl i er
pregnancies more than economically justify the use of
the amino acid chelates. The establishment of a
pregnancy caused a reduct ion in mi 1k product ion. In
some cases, this was almost a month earlier for the cows
that received the amino acid chelates in their diets.
Cows in the experimental group, having begun their
gestation period earlier, had higher peaks in their
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lactation levels than the controls. The peaks were not
high enough to be statistically significant, however.

The final area of observation was concerned with
the general health of the cows. Table 8 summarizes
these observations. As noted earlier, the differences
were not analyzed statistically. Nevertheless the
experimental group of cows, which had received the amino
acid chelates, had fewer problems than the control
group.

Table 8

Health Problems Related to Calving and Reproduction

Experimental Control
Group A Group B

Retained placentas 0 2

Metritis 6 5

Ovarian cysts 0 0

Persistent corpus luteum 0 0

Difficult birth 2 5

Trace element supplementation is gaining in
importance in the feed of dairy cattle. As the animals
are subjected to different environmental conditions,
coupled with the quality of the diet and the varying
concentrations of minerals in feedstuffs, many
variations occur in the absorption and metabolism of the
minerals in the cow. A deficiency may manifest itself
as much by the state of the cow's health (including its
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abi 1i ty to reproduce) as by the breed i ng performance
itself. The breeding ability of the high production cow
is greatly influenced by its diet. This has been
repeatedly demonstrated with metabolic pathologies and
disturbances in reproductive efficiency.

Because of the benefits of trace elements on the
reproductive abilities of cows, it seems logical to
include amino acid chelates in their diets. The results
of this research conducted on 46 milk cows with high
milk production potential demonstrated that by
supplementing the diets of the cows with amino acid
chelates, the period from calving to a new pregnancy was
reduced by about 25 days. The number of art i fi cia1
inseminations per cow required, to achieve a confirmed
pregnancy was reduced by 0.6 units. In this study, the
amino acid chelates did not significantly modify milk
production, although they stimulated a slight increase
in the early phase of lactation and promoted a greater
depress ion ina success i ve phase (due to an earl i er
pregnancy) with statistically significant improvements
in milk quality.

The improvement in reproductive efficiency, which
includes less breedings per pregnancy and a gestation
period which begins earlier, remain the most interesting
and economically viable aspects of these amino acid
chelates in the feeding of dairy cattle.
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Chapter 11

THE FEEDING OF AMINO ACID CHELATE
SUPPLEMENTS TO BEEF CALVES

James A. Boling
University of Kentucky

The body growth of an animal involves hyperplasia,
which is the multiplication of the cells that make up
the tissues and organs of the animals, and hypertrophy,
which is an increase in the size of each body cell from
replication to maturity. During growth where body cells
are increasing in numbers and sizes, extracellular
substances also accumulate.(1)

Feedstuffs necessary to sustain this growth can be
grouped into six basic nutrients. These include
protein, carbohydrates, lipids, vitamins, minerals, and
water. Through their involvement with protein as
enzymatic catalysts, the vitamins, and frequently
minerals, are indirectly involved in the growth and
maintenance of the animal's tissues. P~otein and often
minerals are also directly involved.() Lipids (for
energy and structure) and carbohydrates (for energy) and
water are also required.

The growth of the animal is intimately related to
the anabolic synthesis of a wide variety of cell
structures from the above nutrients including the
nuclei, nucleol i, chromosomes, centrioles, mitochondria,
cytoplasm, organelles, enzymes, and cell membranes. The
biochemical synthesis of the necessary macromolecules
for hyperplasia and hypertrophy is closely associated
with energy yielding reactions.(1)

The post-weani ng growth rate of cattl e is affected
by hereditary factors, the ambient temperature, the
ability of each animal to adapt to its environment, the
social stress within the herd, and the availability of
essential nutrients from the feed.(1) A retardation of
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the growth rate in a bovine is associated with the
failure of DNA to replicate, which causes a reduction in
cellular protein synthesis. Hormonal imbalances,
chromosome anomalies, radiation, drugs, toxins, hypoxia,
sympathetic over-activity, infection,{I) or a deficiency
of essential nutrients, such as zinc(3) may interfere
with normal DNA replication. The reduction of protein
synthesis may be caused by low protein intake, a protein
loss, impaired amino acid transport into the body cells,
hormonal deficiencies, abnormal ratios of amino acids, (1)

or a lack of specific vitamins and minerals to function
within the enzymes which are necessary for protein
synthes is. (4) When there are severe defi ci enc i es or
excesses of minerals, striking changes in the metabolism
and deve1opment of the an i rna1 can occur. (I)

The absorption of nutrients from the intestine as
well as their uptake by body cells depend on minerals.
Some vitamins, such as thiamine and vitamin B12 , contain
minerals as essential components. In addition to these
vitamins, hormones, enzymes, and other vital body
compounds contain minerals as essential parts of their
structure. Some minerals, such as calcium and
phosphorus, are building elements for bovine tissue.
Other minerals are indirectly involved in the growth
process as catalysts to enzymatic reactions that lead to
synthesis of body compounds, or to the release of energy
which is necessary for growth. Adeficiency of a single
required mineral will result in retarded growth, even if
all of the other necessary nutrients are available,
because there is a synergistic relationship between the
mi nera1s and the other nutri ents. (4,6)

Dyer has summarized the primary functions of
several essential minerals. These are seen in Table
1. (5) As far as growth i s concerned, a mi nera1 is
considered essential if it aids in that process. There
must be improvement in growth when the mineral is added
to the diet in physiological amounts. There must also
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be evidence of a deficiency when that mineral is removed
from the diet. (4)

1::1=============T=a=b=le=l=============1

1 Summary of Primary Mineral Functions 1

Element

A. Macroelements

Some Functions

Calcium Osteogenesis; decreases nerve irritability; necessary for
blood clotting; decreases cell membrane permeability;
ATPase activator; needed for osmoregulation.

Chloride Maintenance of proper osmotic concentrations; carbon
dioxide transport; solubility of proteins; activates
salivary amylase.

Magnesium Osteogenesis; enzyme activator (kinases, mutases, enolase,
ATPases, cholinesterase, alkaline phosphatases,
isocitricdehydrogenase and arginase); helps decrease tissue
irritability.

Phosphorus Osteogenesis; necessary for fat and carbohydrate metabolism
(components of ATP, DNP +, glucose-l-phosphate,
phosphoproteins, phospholipids, and nucleic acids).

Potassium Electrolyte and water balance; intracellular osmotic
concentrations; activates enzyme systems such as pyruvic
kinase and those having to do with phosphorylation of
creatine; increases heart beat; increases tissue
irritability.

Sodium Electrolyte and water balance (neutrality regulator);
exchange with potassium ions during nerve and muscle
action; increases tissue irritability; osmotic pressure
regulation.

Sulfur Component of cysteine, methionine, biotin, sulfolipids,
cystine, sulfonated polysaccharides and many ot~er

metabolites.
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Table 1 (continued)

Summary of Primary Mineral Functions

Element Some Functions

B. Microelements

Aluminum;
arsenic;
barium; boron;
bromine No known function in animals.

Chromium Has an insulin-like effect on glucose metabolism.

Cobalt Activator of certain peptidases; required in the
synthesis of vitamin B12 •

Copper Prosthetic group of hemocyanins; increases iron
absorption; necessary for formation of erythrocytes;
component of flavoproteins: cofactor for tyrosinase,
ascorbic acid oxidase cytochrome oxidase, uricase,
plasma monoamine oxidase, and ceruloplasmin.

Fluorine Prevention of dental caries; no specific growth function
known.

Iodine Needed for thyroxin synthesis (homeostatic regulator).

Iron Component of hemoglobin and myoglobin; component of
cytochromes, cytochrome oxidase and xanthine oxidase.

Manganese Needed for synthesis of cholesterol (mevalonic kinase);
osteogenesi s; norma,l funct; oni ng of the reproduct i ve
system; needed for bone phosphatase and may be a
component of arginase; muscle ATPase and choline
esterase may depend on Mn++.

Molybdenum

Nickel

Needed for xanthine oxidase, aldehyde oxidase, and iron
flavoproteins. Molybdenum deficiency has not been
produced in mammals, but has been observed in birds.

No definitely known function in animals; may be
associated with pigmentation; bound to RNA.
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1===========T=a=bl=e=l=(=c=on=t=i=nu=e=d=)=========~II
I Summary of Primary Mineral Functions I

Element

Selenium

Strontium

Tin; titanium

Vanadium

Zinc

Some Functions

B. Microelements (continued)

Needed in prevention of muscular dystrophy in
laboratory animals, exudative diathesis in chicks, and
hepatic necrosis in rats.

No definitely known function in animals, although some
suggest its possible need for bone calcification.

No known function in animals.

Depresses cholesterol and phospholipid biosynthesis;
reduces ATP, COA; stimulates MAO; may be necessary for
normal bone and teeth formation.

Cofactor of carbonic anhydrase, and certain
dehydrogenases, and phosphatases; required for growth;
chicks require zinc for bone and feather development;
may be required for RNA synthesis.

Recognizing the need for minerals to effect the
digestion of other nutrients, Verini-Suppl izi, et li., (7)

at the University of Perugia fed 440 Kg yearling calves
8 9 per head per day of a ration of amino acid chelates
which is shown in Table 2. This mineral supplement was
in addition to the standard university diet which also
contained minerals, but not in an amino acid chelate
form. The controls received the same feed without the
amino acid chelates.
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Table 2

Amino Acid Chelate Formula Fed by the University of
Perugia

Mi nera1

Iron
Zinc
Manganese
Copper
Cobalt

mgjkg chelate

23,400
4,800
4,400
3,300

100

Rumen mater; a1 was taken from both groups of
animals and analyzed. It was found that those calves
that had received the amino acid chelates had greater
cellulases and amylase activity in the rumen with a
corresponding decrease in methane production.

Those researchers then proceeded to demonstrate
that the enhanced digestibility of the ruminant
feedstuffs, with the amino acid chelates present,
resulted in greater growth. In this study, they divided
eleven- to twelve-month old bull Chianina beef calves
into two groups of seven each. One group was the
control and the other was the experimental group. The
animals had an average beginning weight of 440 Kg, each,
and were cons idered homogeneous. Each an imal was fed
the same commercial feed ration plus alfalfa hay. Total
consumption per animal was approximately 8 Kg per head
per day. To the feed of the experimental group was
added 8 gm per head, per day, of the amino acid chelate
formula shown in Table 2.

Weight gains and feed consumption were measured
throughout the 300 day experiment. Weighing of each



The Feeding of Amino Acid Chelate Supplements to Beef Calves 193

animal was done monthly after fasting from food and
water for twelve hours. At twenty months of age, when
the animals reached a live weight of approximately 700
Kg, they were slaughtered and their carcass qual ity
determined.

Table 3 shows the mean daily weight gains for each
group. Table 4 shows the mean monthly weight gains.
The cattle which received the amino acid chelates grew
at a faster rate and produced a total of 309 Kg more
meat on the same amount of feed.

I Table 3 I
I Mean Daily Weight Gains (Kg) I

Group Beg. Days
Wgt.

32 62 96 128 152 188 216 246 276

Control 441 1.125 1.100 0.911 0.937 0.934 0.867 0.821 0.767 0.700

Experi- 439 1.156 1.167 1.059 1.031 1.000 0.933 0.921 0.808 0.734
mental

I Table 4 I
I Mean Monthly Weight Gains (Kg) I

Group 11 12 13 14 15 16 17 18 19 20

Control 441 477 510 543 573 601 627 650 673 694

Experimental 439 476 511 547 580 610 638 664 688 719

Table 5 presents the monthly feed conversion data.
The improvements were most significant during the last
months of fattening, when feed consumption increased but
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growth rates decreased. There was 12. 2% 1ess feed
consumed by the group receiving the amino acid chelates.

I Table 5 I
Monthly Feed Conversion (Kg feed/Kg weight)

12 13 14 15 16 17 18 19 20

Control 6.01 6.14 7.18 8.39 8.41 11.49 12.13 13.12 14.37

Exper; menta1 5.85 5.79 6.38 7.09 7.86 10.67 10.81 12.45 13.57

Finally, carcass quality was measured. Table 6
presents those data. There was significant improvement
in the carcass quality of those cattle which were fed
the amino acid chelate supplement.
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I Table 6 I
I Carcass Quality Data I

Control Group

Hot Cold
Car- Car- Appo-

I Live cass cass % si- Carcass
Slaugh S. % S. % Loss tion Struc-

No. Wgt. Wgt. Yield Wgt. Yield Water Meat Color Fat ture

662 670 404 60.30 396 50.10 1.98 Strong Red-Pink Right Medium
625 713 432 60.60 424 59.47 1.85 Light Red-Pink Right Medium
640 723 441 61.00 433 59.89 1.81 Light Red-Pink Right Optimum
636 692 422 60.98 410 59.25 2.84 Strong Red-Pink Right Medium
624 709 431 60.79 427 60.26 0.93 Strong Red-Pink Right Optimum
637 681 408 59.91 401 58.88 1.72 Strong Red-Pink Right Medium
620 670 416 62.00 409 61.04 1.68 Strong Red-Pink Right Optimum
--- --- --- ----- --- ----- ---- --------------- ----- -------

-
X 694 60.80 58.41 1.83

Amino Acid Chelate Group

614 781 478 61.20 469 60.05 1.88 Light Red-Pink Right Optimum
642 724 443 61.19 435 60.08 1.81 Light Red-Pink Right Optimum
641 630 412 59.71 403 58.41 2.18 Light Red-Pink Right Optimum
652 714 445 62.32 437 61.20 1.80 Light Red-Pink Right Medium
627 687 425 61.86 418 60.41 1.65 Light Red-Pink Right Medium
634 800 489 61.12 480 60.00 1.84 Light Red-Pink Right Optimum
651 637 398 62.48 392 61.54 1.51 Light Red-Pink Right Medium
--- --- --- ----- --- ----- ---- -------------- ----- -------

-
X 710 61.41 60.24 1.81

In the above research, it was noted that the
inclusion of amino acid chelated minerals in the diets
of those growing beef cattle increased the digestive
activity in the rumen, particularly as it related to
starches and cellulose. Knowing that several digestive
enzymes are activated by minerals, and that magnesium,
in particular, is essential for amino acid metabolism,(4)
it was proposed that an experi ment (8) be des igned that
measured the value of this amino acid chelate, as well
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chelate, as well as several other amino acid chelates,
when fed to growing steers receiving different dietary
levels of protein.

Manganese is essent i a1 for both 1i pi d and
carbohydrate metabolism(9J, which in turn play roles in
protein metabolism as seen in Figure 1.(10) Manganese is
also essential in ruminant growth.(9) Consequently,
manganese amino acid chelate was included in this
mineral ration.

ABOMASUM
AND SMALL
INTESTINE

z
UJ
~
:J
II:

Figure 1. Some of the known enzyme systems that
are of importance in feed utilization by
ruminants.
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Zinc, as an amino acid chelate, was also included
in the formulation because it plays key roles in
carbohydrate metabolism, protein synthesis, and nucleic
acid metabolism. Zinc deficient cattle grow more slowly
than those with optimum zinc consumption and have less
effi ci ent feed ut i1i zat ion. (11)

Iron, copper and cobalt, as amino acid chelates,
were also included in the feed supplement to approximate
the work of Verini-Suppl izi, et lie (7) These researchers
showed that when these amino acid chelates are fed to
fattening calves, they grew faster with better feed
conversion than calves receiving the same minerals as
inorganic salts.

Forty Simmental X Angus or Hereford crossbred
steers were selected for our research at the University
of Kentucky. Their average beginning weight was 731.5
pounds (331.8 Kg). They were put into twenty pens of
two steers each, according to breed and weight. All of
the breeds were equally involved in the four replicas of
each proposed treatment.

Fi ve di fferent feed formul as were fed to the
replicates as summarized in Table 7. There was one
positive control (Diet A) which met National Research
Council recommendations for potassium, sulfur, calcium,
phosphorous and trace mi nera1 sal t. The other four
diets contained varying amounts of protein (all less
than Diet A) plus magnesium, zinc, and manganese, iron,
copper and cobalt as amino acid chelates.
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Table 7

Composition of Experimental Diets

Diet

Ingredient, % A B C D E

Cottonseed hulls 30.00
Cracked yellow corn 55.51
Soybean meal (44% CP) 12.40
Trace mineral salt 0.50
Ground limestone 0.85
Dicalcium phosphate 0.65
Potassium chloride 0.07
Manganese~ 0.59
Magnesium~ 0.50
Zinca 0.74
Irona 0.50
Coppera 0.12
Cobalt~ 0.02
Vitamin ADE premix 0.02

I· Supplied as an amino acid chelate.

30.00
60.52
6.90
0.45
0.89
0.10
0.07
0.59
0.50
0.74
0.50
0.12
0.02
0.02

30.00
60.76
6.90
0.48
0.86
0.43
0.07
0.59
0.50
0.74
0.50
0.12
0.02
0.02

30.00
63.28
4.10
0.45
0.89
0.14
0.07
0.59
0.50
0.74
0.50
0.12
0.02
0.02

30.00
63.52
4.10
0.48
0.47
0.47
0.07
0.59
0.50
0.74
0.50
0.12
0.02
0.02

Diets A through E had crude protein analysis of
11.7%, 10.0%, 9.7%, 8.8%, and 8.6%, respectively. All
of the calves receiving Band D diets were first fed
Diet B for the first 84 days of the trial and then half
of them had their protein intakes reduced to Diet D for
the remainder of the study. The calves in the C and E
groups were first fed Diet C for 84 days and then half
of the calves were given Diet E for the remainder of the
trial.

Each steer was weighed on two consecutive days, at
the beg inn i ng and end of the experi ment, and each
steer's weight averaged for the two days. Each animal
was also weighed one time every 28 days throughout the
experiment. Hip heights were measured on days 0, 56,
84, and the day before termination of the study.
Termination occurred on the 84th day when the weight of
the steers was projected to reach 1150 pounds (523 Kg).
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The weight gains and performance of the steers are
shown in Table 8. Daily feed intake was almost the same
for each group except C - E which was slightly higher.
This is reflected in larger animals and a greater
average daily gain. The actual feed consumed per pound
of gain was lower than any of the other groups except c.
The significance of these observations is that the
calves in the C - E group received less crude protein in
their diet than any of the other groups, and yet they
seemed to out perform the other animals. This suggests
that when the amino acid chelates are supplemented, a
lower amount of di etary protei n ; s ut; 1; zed by the
cattle. When additional protein is provided it
interferes with the growth of the animals because their
nutrition is out of balance.

I Table 8 I
I Weight Gains and Performance of Steers I

Control Dietary Treatment

A 8 C B-D C-E

No. steers 8 8 8 8 8

lQ§ JSg Ibs ~ Ibs JSg lQ§ lS9 Ibs .!S9

Initial wgt. 739.2 335.3 728.2 330.3 732.8 332.4 728.2 330.3 744.4 337.7

Final wgt. 1134.4 514.6 1128.0 511.6 1155.5 524. 1 1146.1 519.9 1162.0 527.1

Feed intake 26.59 12.06 26.38 11.97 26.39 11.97 25.98 11.78 28.22 12.80
per day

Average 2.67 1.21 2.70 1.22 2.86 1.30 2.40 1.09 3.00 1.36
daily gain

Feed/Gain 9.96 9.n 9.23 10.83 9.41

Days to 148 148 148 174 139
final wgt.
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Hip measurements are shown in Table 9. There were
no real differences between the animals, and it was
concluded that skeletal development was similar. This
is a reasonable conclusion since all of the animals
received similar amounts of calcium and phosphorous for
osteogenesis.

I Table 9 I
Hip Measurements of Steers

Control Dietary Treatments

A B C B-D C-E

In Cm In Cm In Cm In Cm In Cm

Initial 46.9 119.1 45.9 116.6 46.7 118.6 46.8 118.9 47.0 119.4
Day 56 49.2 125.0 48.0 121.9 48.9 124.2 48.6 123.4 49.1 124.7
Day 84 50.5 128.3 49.3 125.2 49.8 126.5 49.5 125.7 49.8 126.5
Final 51.5 130.8 50.2 127.5 51.3 130.3 51.1 129.8 50.9 129.3

The carcass data are shown in Table 10. Although
the differences in the groups were not great, Group C 
E, which had the lowest protein intake dressed out with
the most meat, almost twenty pounds (9.1 kg) more per
head than the control group with an identical carcass
grading.
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I Table 10 I
I Carcass Characteristics of Steers I

Control Dietary Treatments

A B C B-E C-E

Carcass weight,(lbXKg) 1447.8 656.7 1423.76.5.8 1.58.1 661 .• 140•. 3 637.0 1502.7681.6
Dressing % 58.0 57.2 57.2 55.6 58.6

Carcass grade 12.6 12.8 11.2 11.4 12.6

lYield grade 2.4 2.6 2.5 2.8 2.3
Longissimus area (sq
in),(cm 2

) 12.0 77.• 11.6 74.8 12.0 77.4 10.8 69.7 13.1 84.5
Kidney fat, % 2.75 2.69 2.81 2.25 2.94
Fat over ri b (in),(cm) 0.29 0.74 0.33 0.84 0.29 0.74 0.38 0.97 0.34 0.86
Marbling 5.4 5.1 4.6 4.9 5.6
Maturity 14.0 14.0 14.0 14.0 14.0

From these data it is obvious that the inclusion
of amino acid chelates in the feeds of growing beef aids
in their growth. Not only do they grow faster with
superior feed conversions, but they seem to be able to
generate superi or musc1e growth on lower 1eve1s of
dietary protein in their feeds than NRC recommendations.
Whether the inclusion of the amino acid chelates causes
improved digestion of the cattle's feedstuffs, increased
absorption of digested nutrients, enhanced metabol ism of
the nutrients after absorption, or any combination of
all three possibilities is unknown at present.
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Chapter 12

THE ROLE OF IRON AMINO ACID CHELATE IN
PIG PERFORMANCE

H. DeWayne Ashmead
Albion Laboratories, Inc.

For years adequate body store of iron have been
recognized as being essential for optimum piglet
performance. The main reasons for the extreme
sensitivity of the baby pig to iron deficiencies are its
high growth rate and its relative poor endowment of iron
at birth.(1) Normally a piglet reaches four to five
times its birth weight by the end of three weeks, and
about eight times its birth weight at the end of eight
weeks. In order to achieve this, it must have adequate
iron. The effects of iron supplementation on piglet
development can be seen in Table 1.(2) One half the
pi gs were fed 5 mg of iron, as ferrous sul fate, per
pound of body weight per day (2.3 mgjkg). The other
half received no supplemental iron in its feed. As the
data in this table indicate, there was a 17% increase in
weight gain when the piglets received supplemental iron.

I Table 1 I
Effect of Feeding Iron on Whole Body Composition
of Three-week Suckling Pigs

Pigs fed Litter mates
iron not fed iron

Number of pigs analyzed 3 3
Weight gain from birth to
the end of third weeka 492.00 420.00

Iron i n bodyb 3.66 1.56
Iron i n b1oodb 31.50 15.00
Iron i n 1i verb 9.50 1.72
Iron in remainder of bodyc 51.00 29.90

I- gm
b mg/g C mg I

207
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Iron's influence on growth rates is due to it
being an integral component of numerous essential
metabolic enzymes that make up the billions of cells
which together form the pig's body. Its most widely
recognized role, of course, is in respiration. Here, it
is responsible for allowing the 02/C02 exchange from the
alveolar sacs of the lungs and the reciprocal exchange
at all individual cells of the body. Iron is also
involved in the cytochrome systems at the terminus of
oxidative phosphorylation in basic cell metabolism.
This is part of the major energy gathering and storing
enity of the cell. The oxidative and reductive
capacities of iron are absolutely required this
important in energy gathering.

Respiration does not explain iron's role in piglet
growth, however. Growth is a non-respiration, aspect of
the iron function. Iron's role in growth results from
its involvement is involved in the synthesis of
puri nes, (3) the bas ic component of DNA and RNA in the
body ce11 s. (~) DNA and RNA are the keys to the synthes is
of new cellular protein, or in other words, animal
growth. (5) If an iron defi ciency occurs in the pig, the
heme funct ions of i ron wi 11 be the 1ast to show the
defect. The first will be the growth functions. Purine
product i on and the subsequent manufacture of new protei n
will be retarded, thus retarding the rate of growth.

Postpartum piglet growth is partially dependent
upon fetal nutri t ion. Early research suggested that
placental transfer of iron from the pregnant sow to the
fetus was inadequate. Consequent1y, in modern swi ne
production, the standard therapeutic approach has been
to administer 100 mg I.M. of iron dextran to the new
baby pigs. However, subsequent research has
demonstrated i ron dextran inject ions may not be the
optimum approach because the fetus has the capacity to
store adequate iron for early post-natal requirements if
the gestating mother is provided a form of iron that can
cross the placenta.



The Role of Iron Amino Acid Chelate in Pig Performance 209

An examination of a gestating 1itter of pigs
during the last few weeks of pregnancy demonstrates that
protein and iron demands of the fetuses are high.
Indeed the developing fetuses achieve over half of their
growth duri ng the 1ast one-th i rd of the gestat i on peri od
as shown in Tabl e 2. ca) These data were obta i ned from
Poland China gilts bred to the boar of the same breed.
All were fed the same diet and had an average daily gain
of 1 to 1.25 pounds (0.45 to 0.57 kg).

I Table 2 I
Comulative Batch Weights and Composition of a Litter of Eight Pigs
During Gestation

Week Total Fresh Crude
of Weight Protein Ash Calcium Phosphorus Iron

Gestation (gm) (gm) (gm) (gm) (gm) (gm)

1 99 1.5 0.06 0.0002 0.002 0.82
2 366 8.5 0.6 0.005 0.028 4.2
3 787 23 2 0.036 0.12 11
4 1,354 47 5 0.14 0.36 22
5 2,062 83 10 0.40 0.83 37
6 2,909 130 18 0.96 1.61 57
7 3,891 191 30 2.0 2.8 82
8 5,005 285 45 3.8 4.7 113
9 6,251 356 66 6.6 7.2 149

10 7,625 462 92 10.9 10.6 191
11 9,127 585 125 17.1 15.1 239
12 10,755 726 165 26 21 294
13 12,507 886 213 38 28 355
14 14,385 1,065 269 54 37 423
15 16,384 1,263 335 74 47 499
16 18,504 1,483 411 101 60 581

When iron is supplied as a true chelate of amino
acids, intestinal absorption of this mineral is
significantly enhanced, as demonstrated in Table 3. In
this in vitro experiment, intestinal exposure to 50 mcg
of iron in various forms for 2 minutes demonstrated 4.9
times greater absorption of the chelate than the oxide,
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3.8 times more than the sulfate, and 3.0 times more than
the carbonate. (6)

I Table 3 I
Mean Jejunal Absorption of Iron as an Amino Acid

Chelate a Carbonate, a Sulfate, and Oxide in vitro

Iron Source Jejunal Absorption

Iron amino acid chelate 298 ppm
Iron carbonate 82 ppm
Iron sulfate 78 ppm
Iron oxide 61 ppm

Intestinal absorption does not necessarily
guarantee physiological usability. Iron that has been
absorbed may be excreted back into the lower bowel or
eliminated in the urine without ever having been
utilized by the animal. Research utilizing radioactive
isotopes has suggested that not only is intestinal
absorption of amino acid chelated iron increased our
salts, but body assimilation and tissue distribution of
this form of iron are also enhanced, as shown in Table
4.(7) In this particular study a single dose of 4.4
microcuries of iron as ferrous sulfate or as the amino
acid chelate was orally administered to two groups of
laboratory animals. The animals were sacrificed 72
hours after dosing, and their tissues assayed for ~Fe.

All of the tissues of the animals receiving the iron
amino acid chelate contained more iron than the tissues
of the animals administered FeS04 • There was, however,
more excreted iron in the feces and urine of animals
that received the iron sulfate.
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I Table 4 I
Mean Comparisons of ~Fe Retention and Distribution
from Ferrous Sulfate and Iron Amino Acid Chelate

Chelate/Sulfate
Ferrous Iron Amino (Decrease)

Body Tissue Sulfate Acid Chelate % Increase

Heart 63 151 140 %
Liver 136 243 79 %
Leg muscle 2 54 2,600 %
Jaw muscle 14 138 712 %
Brain 31 130 319 %
Kidney 2 327 16,250 %
Testes 20 109 445 %
Blood serum 700 1,797 157 %
Red blood cells 724 2,076 187 %
Whole blood 1,355 4,215 211 %
Feces 302,400 214,000 (29 %)
Urine 490 370 (24 %)

This increased iron metabolism from the chelate
suggests that there may a1so be increased placenta1
transport of the chelated iron.

Radioactive isotope experiments on laboratory
animals confirm this increased placental transport of
amino acid chelated iron, as shown in Table 5.(9)

Gestating dams were given a single dose of 5 microcuries
of ~Fe, as either the amino acid chelate or as ferrous
sulfate, 72 hours before expected parturition. Twenty
four hours before parturition the mothers were
sacrificed, their fetuses removed, and both the mother
and fetuses assayed for 59Fe. These data demonstrate
that, at this late stage of pregnancy, essentially no
iron from the sulfate was able to cross the placenta,
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whereas iron from the amino acid chelate was capable of
doing so.

I Table 5 I
Mean Comparison of Absorption and Retention of Iron
in Gestating Mothers and their Fetuses

Iron Source Increase
(Decrease) of
Iron Amino Acid

591ron Ami no Versus Ferrous
Acid Chelate 59 FeSO.. Sulfate

Amount of iron retained by
mother 70.4 % 42.7 % 65 %

Total amount of iron excreted
in feces by mother 24.4 % 29.6 % (18 %)

Total amount of iron excreted
in urine by mother 5.0 % 27.7 % (81 %)

Amount of iron passed on to
young 0.2 % • 0 4130 %

(7.3 meg) (lee/min)
(42.3 cc/min)

As indicated previously, the intestinal absorption
of i ron ami no acid chel ate is through a di fferent
pathway than ferrous sulfate. The chelate arrives in
the blood as the same small molecule (approximately 300
daltons) that was originally ingested, whereas the iron
from the sulfate which arrives in the blood is bonded to
transferrin, a relatively large molecule (approximately
86,000 daltons). It is the very small molecular weight
of the iron amino acid chelate that allows it to freely
traverse the mature placenta, while this tissue
effectively "screens out" the iron bound to the larger
transferrin molecule.(24)

Swine field trials with iron amino acid chelates
support the above isotope studies. In work reported by
Brady, et ~., at Michigan State University, twelve sows
were fed 8.5 grams of iron amino acid chelate
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(containing 0.85 grams of iron) daily, starting four
weeks prior to expected parturition. One week before
farrowing the level was increased to seventeen grams of
chelate (1.7 grams of iron) daily. At birth, one pig
from each litter was sacrificed, and the liver, spleen,
and skeletal muscles were analyzed for their iron
contents by atomi c absorpt i on spectrophotometry. The
piglets from sows receiving the iron amino acid chelate
during gestation had higher levels of iron in their
bodi es than the control s. Tabl e 6 shows the resul ts. (10)

Table 6

Mean Iron Concentration at Birth Among Pigs of Sows
Fed Diets Supplemented or Unsupplemented with Iron
Amino Acid Chelate

Piglet Tissue Iron Sow Diet

Hemoglobin, g/dl
Plasma Fe, g/dl
Liver Fe, ppm
Spleen Fe, ppm
Muscle Fe, ppm

- Chelate

8.2
102.0
155.0
105.0

9.4

+ Chelate

9.2
112.0
208.0
114.0

9.7

In another study similar findings were found. In
this trial, however, the investigators fed one group of
ten gestating sows 5 grams of iron amino acid chelate
(500 mg of iron) per day, which was less iron than the
pigs received in the study conducted at Michigan State
Un i vers i ty. The experi ment commenced 21 days before
expected farrowi ng. The other group, the cantro1s,
received the same gestation diet as the treated group
except that the supp1emented i ron was from ferrous
sulfate. All piglets from both the experimental and
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control groups were sacrificed - half from each group at
birth, and the other half at seven days of age. Table
7 reports these findings.(l1) The differences in liver
iron contents in Tables 6 and 7 are due to Table 7 data
being measured on a dry-weight basis, while Table 6
values were measured on a wet-weight basis. The
comparative differences of liver-iron contents of the
treated and control groups in both tests are thus
similar in direction although not identical.

Table 7

Mean Iron Concentration in Piglet Livers on Day of
Birth and at 7 Days of Life

Sows Fed Iron
Control Amino Acid
Sows Chelate

Number of sows
Number of living piglets born
Mean weight at birth (Kg)
Mean content of iron in liver
at birth (ppm) on dry weight
basis

Mean content of iron in liver
at 7 days of life (ppm) on
dry weight basis

10
102

1.256

641

252

10
99
1.387

1,225

458

The mean birth weight of the piglets in the two
groups should be noted. The piglets from the treated
group were 10% heavier than the controls. Based on the
role of iron in purine production, which was discussed
earl; er, a heavi er bi rth wei ght was to be expected.
When fetal iron nutrition is increased, as suggested by
Tables 5, 6, and 7, then greater protein production and
increased fetal growth should occur because of iron's
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metabolic role in the production of tissue protein,
assuming the other essential nutrients, such as zinc,
amino acid, etc., are equally available to the fetuses.

This increased fetal growth can be further
observed in another study involving 460 piglets. In
th is experi ment, the sows in the experi menta1 group
received 350 mg of iron daily, as an amino acid chelate,
start i n9 28 days pri or to expected farrowi n9. The
control group of sows received no supplemental gestation
i ron a1though the iron in the feed met NRC
recommendations. At farrowing, piglets from the control
group were injected with iron dextran. No other iron
was suppl emented to ei ther group after parturi t ion.
Piglets from the experimental group did not receive any
iron dextran injections. The mean piglet weights in the
two groups from birth to eight weeks of age are shown in
Tab1e 8. (l2)

;

Table 8 I
Mean Weight Increase (Kg) of 460 Pigs from Birth to
Eight Weeks

Control Experimental % Increase

Birth 1.30 1.40 7.69
2 Weeks 4.33 4.70 8.55
5 Weeks 9.44 9.79 3.71
8 Weeks 11.77 12.13 3.06

A heavier birth weight has two major advantages:
The first, as suggested from Table 8, is a larger pig
throughout 1i fe. As shown, the experi mental group,
which received superior fetal iron nutrition, maintained
a heavier weight than the controls. Widdowson(lJ) found
that insufficient intrauterine nutrition resulted in
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curtailing the rate of body cell division in runts
during gestation, which subsequently curtailed general
somatic growth in runt pigs after farrowing. An
undernourished fetus had fewer cells per tissue or organ
following farrowing, which became a permanent reduction
and account for its smaller size. It is, therefore, not
uncommon to farrow runt pigs that never attain the same
final growth size as their litter mates. Because of the
curtailed cell growth in the fetuses receiving less than
adequate intrauterine nutrition, there is also a
permanent reduction in the mature cell size of the cells
composing the organs of the pig. Pigs which develop in
this kind of intrauterine environment carry these two
cellular defects during their entire post-natal
lives.(lJ) Widdowson's research provides an explanation
to an earl i er invest igat i on conducted at Iowa State
University, which, on the average, showed that a
difference of one pound (0.45 Kg) at birth was
accompanied by a 7.78 pound (3.54 Kg) difference at
wean i ng . (14)

The effects of chelated amino acid iron in fetal
nutrition and its market consequences are borne out in
another study. One group of sows was fed 250 ppm of
chelated iron amino acid mixed in the of feed and fed
daily during the last three weeks of gestation and
throughout 1actat ion. Tabl e 9 presents the wei ght
differences of those piglets compared to the controls,
which received exactly the same treatment and feed,
excluding the supplemental iron.(lS) The iron amino acid
chelate was not included in any of the pig starter,
grower, or fi nish i ng feeds of either group, so these
data demonstrate only the positive consequences of
adequate placental transfer of iron during gestation.
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I Table 9 I
Mean Weight Difference from Birth to Market of Pigs from Sows Fed
Iron Amino Acid Chelates or No Chelates

Chelated Iron Sows Not Fed Weight %
Fed Sows Chelated Iron Difference Difference

Birth 3. 15 1bs . 2.95 lbs. 0.2 lbs. 6.7 %
weight (1.43 Kg) (1.34 Kg) (0.09 Kg)

4 week 15.00 lbs. 14.40 lbs. 0.6 lbs. 4.2 %
weight (6.82 Kg) (6.55 Kg) (0.27 Kg)

9 week 48.70 lbs. 46.20 lbs. 2.5 lbs. 5.5 %
weight (22.14 Kg) (21.00 Kg) (1.14 Kg)

5'12 month 219.70 lbs. 208.50 lbs. 11.2 1bs. 5.7 %
weight (99.96 Kg) (94.77 Kg) (5.09 Kg)

The group recelvlng amino acid chelated iron
duri ng the pre-nata1 gestat i on peri od was not on1y
heavier at birth, but remained approximately 5% heavier
to market.

The second advantage of heavier birth weights in
pigs is a lower piglet mortality. In an experiment
involves 1,948 litters of pigs conducted at Iowa State
University, it was shown that, when all other factors
were equal, piglet survival was directly related to
birth weight, as shown in Table 10.(16)
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I Table 10 I

I The Effect of Birth Weight on Piglet Mortality I
Birth Weight No. of % of % of

Pigs Population Survival

Under 2 lbs. (0.9 Kg) 1,035 6 42

2.°1bs . (0.9 Kg) to
2.4 1bs . (1.1 Kg) 2,367 13 68

2.5 1bs . (1.1 Kg) to
2.9 1bs . (1.3 Kg) 4, 197 24 75

3.°1bs. (1.4 Kg) to
3.4 1bs. (1.5 Kg) 5,012 29 82

3.5 1bs . (1.6 Kg) to
3.9 1bs. (1.8 Kg) 3,268 19 86

4.0 lbs. (I .8 kg)
& over 1,734 10 88

Total 17,613 100 77 %

This research substantiates the fact that sows or
gilts fed iron amino acid chelate during gestation
contribute to heavier pigs at birth which enjoy
increased liveability. Table 11 summarizes the effects
of heavier birth weights, due to fetal iron nutrition,
and the resulting heavier weights and lower mortality
rates. (17) All these groups of sows rece; ved the same
gestation diet except group 3 which received 250 ppm of
iron amino acid chelate in its feed for 30 days before
expected parturition. At farrowing, group 2 piglets
received an intramuscular injection of 100 mg of iron
dextran. Neither group 1 nor group 3 piglets received
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iron dextran injections. Except for the iron dextran,
and the i ron ami no ac id che1ate , all three groups of
piglets were treated and fed identically. The results
showed 36% and 21% greater weights at weaning for the
chelate group over the controls and the iron dextran
group, respectively.

I Table 11 I
The Effect of Iron Amino Acid Chelate on Birth and Weaning

Weights and Piglet Mortality

Control Iron Dextran Iron Chelate
I

Group 1 Group 2 Group 3

Number of pigs farrowed 144 285 168

Average birth weight 2.86lbs. 2.82Ibs. 2.99 Ibs.
(1.3O Kg) (1.28 Kg) (1.36 Kg)

Number of pigs weaned 115 233 157

% pigs weaned 79.9 81.7 93.5

Avg. weaning weight 14.76Ibs. 16.53 Ibs. 17.43Ibs.
(6.70 Kg) (7.50 Kg) (7.91 Kg)

Mortality 20.1 % 18.3 % 6.5%

Total average weaning 11.95Ibs. 13.51 Ibs. 16.28Ibs.
weightjpigsfarrowed (5.42 Kg) (6.13 Kg) (7.38 Kg)

Other field studies, shown in Tables 12 and 13,
also illustrate the reduced mortality of baby pigs
farrowed from mothers fed ami no ac id che1ated iron. 01.19)

These resul ts are attri buted to increased placenta1
transfer of that particular iron during gestation.
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I Table 12 I
The Effect of Iron Amino Acid Chelate on
Piglet Mortality

% Livability

Number of Days Chelate Control Difference

III sows 108 sows

Farm 1 1 - 3 days 97.35 % 93.91 % + 3.44 %

3 days - 7 weeks 95.45 % 88.89 % + 6.56 %

birth - 7 weeks 92.92 % 83.48 % + 9.44 %

87 sows 73 sows

Farm 2 1 - 3 days 97.75 % 93.59 % + 4.16 %

3 days - 7 weeks 96.55 % 91.18 % + 5.37 %

birth - 7 weeks 94.38 % 85.90 % + 8.48 %
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Table 13

The Effect of Iron Amino Acid Chelate on
Piglet Mortality

35 35
Trial Control
Sows Sows

~verage total born per litter
~verage born alive per litter
Average born dead per litter
Average reared to 3 wks. per litter
Mortality % of total born
Born dead % of total born

(stillbirths)

11.92
10.90
1.02

10.29
13.67
8.56

11.20
9.89
1.31
9.81

16.88
11.70

While the above program appears to offer
significant improvements to swine production, they are
not a panacea. I f the producer ignores good tota1
nutrition, or good swine handling practices, or disease
prevention and control, he cannot expect the equivalent
performance from his pigs. The presence of infectious
diseases will also seriously hamper a pig's ability to
utilize nutrients as seen in Figure 1.(20)
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PHAGOCYTIC ACTIVITY

DEPRESSION OF PLASMA AMINO ACIDS AND ZN

SALUAESIS. RETENTION OF URINARY PO. AND ZN

INCREASED SECRETION OF GLUCOCORTJOCIDS & GROWTH HORMONE
INCREASED DEIODINATION OF THYROXINE
INCREASED SYNTHESIS OF HEPATIC ENZYMES

SECRETION OF -ACUTE PHASE- SERUM PROTEINS

CARBOHYDRATE INTOLERANCE
INCREASED DEPENDENCE ON LIPIDS FOR FUEL

[

INCREASED SECRETION OF AlDOSTERONE AND ADH

f
NEGATIVE BALANCES BEGIN - N, K, Mg,
PO., Zn AND SO.

RETENTION OF BODY SALT AND WATER

J
INCREASED SECRETION OF THYROXINE

.f
DIURESIS .r RETURN TO

POSITIVE
FEVER BALANCES

~ INCUBATION ILLNESS

l PERIOD

MOMENT OF EXPOSURE

CONVALESCENT
PERIOD

Figure 1. The nutritional response of the host to
an infection.

During the incubation period of the infectious
disease, there i s a depres si on of the plasma ami no
acids, iron and zinc. Following that, the animal
commences retaining urinary phosphates and zinc.
Deiodination of thyroxine in conjunction with increased
secretion of growth hormones retards or reverses weight
gains with an increased synthesis of hepatic enzymes.

At the onset of illness (the acute phase, when
fever occurs) the animal will secrete serum proteins,
there will be a carbohydrate intolerance and an
increased dependence on 1ipids from its own body for
fuel. As the pig's illness and temperature begin to
peak there wi 11 be an increase in the secret i on of
aldosterone and ADH. Negative balances of nitrogen,
potassium, magnesium, phosphates, zinc, and sulfate will
occur, with retention of body salt and water.
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As the body temperature and ill ness begi n to
subside the pig will begin to excrete thyroxine, and
diuresis will occur. During the convalescent period it
will return to positive balance.

The vari ety of nutri tiona1 responses duri ng a
generalized infection is broad enough to include most
major metabolic pathways of body cells. During the
infection, iron is removed from the plasma and
accumulated as hemosiderin within the liver cells, and
as long as the infection persists, any iron given
therapeutically is also stored and not incorporated in
metabolic functions. The result is retarded protein
synthesis, which manifests itself as slow or inadequate
growth. Anemia will also be manifested.

To illustrate Figure 1, infected sows were given
12.5 grams of amino acid chelated iron per sow per day,
three weeks before farrowing. The dosage was continued
for one week after farrowing. At farrowing the baby
pigs from the treated sows were heavier than the piglets
from the control sows, as expected. However, as the
experiment progressed the mortality rates and weaning
rates of the two groups of piglets were almost
identical, as seen in Table 14.(22) At first glance it
mi ght appear that the che1ate had no effect on the
piglets. Such a conclusion would prove to be
superficial, however. The heavier birth weights of the
piglets from the treated sows showed that some initial
benefits from placental transfer of iron (from the
chelate) accrued. The subsequent similarities observed
in both groups appeared to result from an underlying
infection as explained below.
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Table 14

The Effect of Disease on Iron Metabolism in pigs

Control Sows Treated Sows

Number of sows 51 54

Total piglets born 492 534
(9.647 per sow) (9.889 per sow)

Total dead piglets at birth 38 (0.745 per sow) 36 (0.667 per sow)

Piglet birth weight 1.385 Kg 1.402 Kg

Number of piglets weaned 420 456

Average weaned piglets per
litter 8.235 8.444

Percentage mortality 14.64 14.61

Piglet weaning weight 7.06 Kg 7.112 Kg
(21 - 25 days)

The key to understanding these data rested in the
observation that both groups of piglets were found to be
severely anemic, and it was decided to inject them with
iron dextran. After iron dextran injections were given
to the piglets in both groups, hemoglobin levels were
raised only to 6.8 gldl, (22) whereas they should have
been in the range of 10 g/dl. During on-going chronic,
but active, infections, the administration of iron by
ei ther oral or parenteral routes is not on1y
unnecessary, it is ineffective in reversing the anemia
of infection.(21) The injected iron was apparently
sequestered in the liver and not converted to
hemogl obi n. Further exami nat i on of the pi gl ets and
their dams revealed that they were all infected with a
subclinical erysipelas and did not efficiently use the
iron obtained via the placenta during gestation, or from
the iron dextran after farrowing.
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While the purpose of this discussion has been to
examine the non-heme role of iron rather than report on
its role in preventing anemia, the above study has been
included because anemia touches directly on the non-heme
role of iron, as well. As noted earlier, iron is
essential to the synthesis of purines, which form the
basis of animal production of protein for growth. When
the animal's iron level is insufficient, growth and feed
efficiency are retarded. When it is sufficient, feed
efficiency and more rapid weight gains are obtained, as
shown at Table 15, which summarizes a study done at the
Un i vers i ty of III ina is. (23.24) When i ron ami no ac id
chelate was supplemented in the diets at the rate of 250
ppm in the feed and fed daily to the growing pigs, the
average gain was 15% more than the controls. It also
took 7.7% less feed per pound (or Kg) of gain.
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I Table 15 I
42-Day Performance of Starting Pigs Supplemented
with Iron Amino Acid Chelate

Treatment
Iron Amino Acid

Response Chelate Control Difference

First 21
Days

Gain/Pig 16.40 lbs. 13.90 lbs. 2.50 1bs.
(7.44 Kg) (6.30 Kg) (1.13 Kg)

Feed/Gain 1.66 1bs . 1.74 lbs. 0.08 lbs.
(0.75 Kg) (0.79 Kg) (0.04 Kg)

Second 21
Days

Gain/Pig 26.20 lbs. 23 . 19 1bs . 3.10 lbs.
(11.88 Kg) (10.52 Kg) (1.41 Kg)

Feed/Gain 2. 15 1bs . 2.28 lbs. 0.13 lbs.
(0.98 Kg) (1.03 Kg) (0.06 Kg)

Total 42
Days

Gain/Pig 42.60 lbs. 37.00 lbs. 5.60 lbs.
(19.32 Kg) (16.78 Kg) (2.54 Kg)

Feed/Gain 1.91 lbs. 2.07 1bs. 0.16 lbs.
(0.87 Kg) (0.94 Kg) (0.07 Kg)

The supplementation began when the pigs weighed an
average of 19.8 pounds. It therefore did not deal with
fetal nutrition but still demonstrates the role of amino
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acid chelated iron in pig growth. The radioactive
isotope and pathological data, which were examined
earlier, established the fact that when iron amino acid
chelate is fed, there is an increase in the absorption
and metabolism of that iron, and that the absorbed iron
crosses over the placental barrier to become part of the
fetal tissue iron. Additionally, while some of the iron
is used for fetal growth and development during
pregnancy, much of it is stored for post-natal use, as
shown in Table 7. Furthermore, the positive effects of
amino acid chelated iron supplements to growing pigs are
seen in Table 15.

In both cases, the iron, if biologically
available, affects the weight of the pig. The greater
the weight on the part of the fetuses (within reason)
the greater the growth, and the lower the mortal i ty
rate. If the post natal diet is supplemented with iron
amino acid chelate, which has been demonstrated to be
biologically available to the pig, and if sufficient
attention is given to disease control, nutrition, and
management practices, the pig producer may well expect
increased growth rates and lower mortality rates in his
herd as well.
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Chapter 13

THE EFFECT OF IRON AMINO ACID CHELATE
ON THE PREVENTION OF ANEMIA

Cao Xian-Ming, Feng Ming Lian, Zhou Van Ping
Beijing Agriculture Science Institute

In its natural environment, the baby pig does not
become iron deficient because it is able to root in the
soil with its snout and in that process, consumes large
amounts of iron, some of wh i ch i s absorbed. Iron
deficiency anemia is thus associated with the
domestication and commercial production of pigs in an
environment foreign to this natural habitat, such as on
concrete, where there is no contact with the soil.

In confinement, baby pigs are particularly prone
to iron deficiency for three reasons. First, the sow's
milk contains low concentrations of iron which are
insuffici~nt to meet the needs of the nursing
piglet.(1,) Second, because of the so called "placental
barrier," which can limit the amount of iron which the
mother can transfer to the fetus, baby pigs are
traditionally born with iron stores that are inadequate
for their needs.(1,2) Third, relative to its birth
weight, the young pig grows at a phenomenal rate which
requires a continual supply of iron to support that
growth. (3)

At birth, 47% of the iron in the baby pig's body
is associated with blood, 15% with the liver, 1.6% with
the spleen, and the remainin~ 46.4% with the rest of the
tissues in the pig's body. (4 After the early neonatal
period, approximately 80% of the iron fo~nd in the pig's
body is associated with hemoglobin.() Thus, the
adequacy of hemoglobin levels becomes critical in modern
swine husbandry. Many researchers have suggested that
three week old piglets should have hemoglobin con
centrations of at least 9 to 10 g/dl,(6) and that this
should increase to at least 10 to 11 g/dl by the time

231
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the pigs are eight weeks of age.(1) While some
researchers believe that hemoglobin levels of young pigs
of 10 g/dl, or above, are normal, 9 gldl are required
for average performance, 7 gldl will retard growth, 6
g/dl is considered to be severe anemia, and 4 gldl will
result in severe anemia with increasing mortality
rates, (5) other researchers report that pi gl ets wi th
hemoglobin levels of less than 11 gldl are iron
defi ci ent . (I)

If iron deficiency anemia affects suckling pigs,
it can lead to poor growth rates, lack of vigor, lack of
luster in the hair and skin, including paleness of the
skin and the mucous membranes, accelerated beating of
the heart, difficulty in breathing and, ultimately, a
greater susceptibility to respiratory and digestive
tract diseases. All of this results in a significant
financial loss to the swine industry.

Because of the consequences of baby pig anemia,
many measures have been taken to correct the disease.
These include adding iron preparations to the feed of
sows to effect some placental transfer, feeding
supplementary iron to the suckling pigs, or injecting
iron intramuscularly into infant pigs. While each has
some advantage, each also has several disadvantages. It
was for this reason that we elected to try an iron amino
acid chelate with both an enhanced rate of
assimilation(2) and the ability to achieve placental
transfer(9) due to the un; queness of the chel ate
molecule, itself. Measurements of hemoglobin levels and
growth rates were selected to determine the
effectiveness of the iron amino acid chelate since both
are object i ve measurements of baby pi g anemi a. (10)

Fifteen pregnant sows, which were all expected to
farrow at about the same time, were selected for the
experiment. Since the sows were of two different
breeds, Changbei and Beihe, each breed was divided in
half so that one half of each breed was in the control
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group while the other half was in the experimental
group. Each breed was maintained separately so that, in
effect, there were two control groups and two
experimental groups. All of the sows had previously
farrowed once before. All were raised in confinement on
cement floors.

All of the sows received the pre-parturition diet
shown in Table 1. The iron amino acid chelate was added
to the experimental diet, and the ferrous sulfate was
added to the control diet 28 days before expected
parturition. The diet was regulated so that each sow
received 1 gram of iron per day from either the sulfate
or the amino acid chelate in the feed.

I Table 1 I
Feed Analysis of Sow Feed Fed During Experimental
Period

Control Experimental

Corn 66 % 66 %
Soybean meal 10 % 10 %
Wheat flour 7 % 7 %
Fish meal 10 % 10 %
Hay (grass) 5 % 5 %
Bone meal 1.2 % 1.2 %
Salt (NaCl) 0.5 % 0.5 %
Zinc 0.02% 0.02%
Copper 0.01% 0.01%
Vitamins 0.25% 0.25%
Oxytetracycline 0.02% 0.02%
Iron (FeSO.) 0.03% ----
Iron (amino acid chelate) ---- 0.03%
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Blood samp1es were taken from each sow in the
experiment 28 days before parturition (at the beginning
of the experiment), 14 days before parturition, and 14
days after parturi t ion. The hemog1 obi n measurements
from these blood samples are shown in Table 2. Both
groups' hemoglobin levels were considered normal at the
commencement of the experiment. The hemoglobin of the
control group 2 (CG2) dropped to what may be considered
sl ightly anemic at two weeks before parturition and
remained so throughout the remainder of the experiment.
The hemoglobin levels of the experimental groups were
higher than in the control groups, but the differences
were not statistically significant (P>O.OS).

I Table 2 I
The Effect of Dietary Iron Amino Acid Chelate in Hemoglobin Levels
of Sows

Hemoglobin (g/dl)

Group # of 28 Days before 14 Days before 14 Days a.fter
pigs parturition parturition parturition

I EG1 3 12.63 1: 0.98 12.47 1: 0.97 11.231: 1.42
(Changbei)

CG1 3 12.20 + 1.40 12.23 + 0.98 10.53 + 0.06

I I EG2 5 13.861: 2. 71 12.20 1: 0.66 11.981: 0.84

(Beihe) CG2 4 12.50 + 0.20 10.10 + 1.64 10.68 + 1.53

Total EGs 8 13.40 1: 2.21 12.30 ± 0.54 11.70 ± 1.06

CGs 7 12.37 1: 0.84 11.01 1: 1.72 10.61 1: 1.09

When the sows farrowed all of the piglets were
treated identically. No supplemental iron was given
orally or intramuscularly to the piglets from either
group. All were farrowed in crates and raised on cement
after weani ng. Blood sampl es were taken from each
piglet at 7 days of age, 21 days of age, and 45 days of



The Effect of Iron Amino Acid Chelate on the 235
Prevention of Anemia

age, and the hemoglobin determined in each. No blood
sample was taken at birth because other research had
shown that normally hemoglobin concentrates at birth are
between 11 and 14 g/dl and then drop to 8 to 10 g/dl
during the first 24 hours of life due to expansion of
plasma space. (11,12) Furthermore, hemogl obi n va1ues are
expected to generally drop to 2 to 4 g/dl by 3 to 4
weeks of age when the piglets receive no supplemental
i ron and are ra i sed on cement. (13)

While no supplemental iron was given to either
group after parturition, the piglets received some iron
from the sows milk and also additional iron from the
starter feed shown in Table 3. This starter feed was
given to all piglets on an ab libitum basis. This feed
was provided as a powder and continued throughout the 45
day post-parturition period of the experiment.

I Table 3 I
I Starter Feed Formula I

Corn 66.0 %
Flour 8.0 %
Bean meal 12.0 %
Peanut mea1 2.0 %
Fish meal 8.0 %
Hay (grass) 2.0 %
Bone meal 1.0 %
Salt (NaCl) 0.5 %
Iron (FeSO.) 0.03 %
Zinc 0.02 %
Vitamins 0.25 %
Oxytetracycline 0.20 %

The effect of feeding the iron amino acid chelate
to the sows on the offspring can be seen in Table 4.
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The mean hemoglobin levels are shown for each group.
All of the increases were statistically significant
(P<O.Ol.).

I Table 4 I
Changes in Hemoglobin Levels of Baby Pigs

Hemoglobin (g/dl)
# of

Group pigs 7-Days Old 21-Days Old 45-Days Old

I EG1 26 * * * * * *
(Changbei) 9.62 ± 1.13 10.65 :t 0.89 11.30 :t 0.83

CG1 26
6.42 + 0.88 6.60 + 1.17 9.21 + 1.12

I I EG2 47 * * * * * *
8.41 ! 1.91 9.59! 1.40 10.61:t 1.12

(Beihe) CG2 33
7.40 + 1.12 8.27 + 1.46 9.71 + 1.33

Total EGs 73 * * * * * *
8.84! 1.76 10.01 ! 1.33 10.87! 1.07

CGs 59
6.89 ± 1.17 7.58 + 1.56 9.51 + 1.26

1* * P< 0.01 I

These data indicate that anemia existed in the
suckling pigs from the control group within two weeks
after birth. They also indicate that although the blood
of the sows in the control group exhibited a normal
hemoglobin level, these sows were unable to transfer
sufficient iron to these piglets via their milk to
prevent anemia.

The data in the previous tables indicate that when
iron is chelated to amino acids it is able to either
cross the placenta and be stored in higher quantities by
the fetus, and/or this iron is excreted into the sow's
milk in much higher quantities. Work done at Michigan
State University(2) indicates that while higher amounts
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of this form of iron is transferred through the sow's
milk, it is insufficient to sustain the blood picture
presented in Table 2 and 4. Statistical analysis showed
that there was a significant difference in the
hemoglobin levels (P<O.OI) between piglets whose mothers
consumed iron amino acid chelates and those who consumed
FeSO•. It is clear that the iron amino acid chelate can
supply significantly more iron through the placenta to
the fetus and into the milk. This insures sufficient
iron for suckling pigs to produce adequate red blood
cells and prevent anemia.

The second measurement of the placental and milk
transfer of the iron amino acid chelate is found in the
growth rates of the baby pigs. A primary symptom of an
anemi c pi gl et is a reduced rate of ga in. (14.15.16.17.11.19.20)

Based on the data presented above c
.), the experimental

group, which had an average hemoglobin level of
approximately 10 g/dl, should theoretically grow at a
much faster rate than the control group with an average
hemoglobin level of less than 8 g/dl (at which level,
growth is reported to be retarded).

The growth rates of the baby pigs are presented in
Table 5. All of the comparative data which have a
single asterisk (*) are significantly different at
P<O.05. All data which have two asterisks (* *) are
significant at P<O.OI.
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I Table 5 I
I Growth Rates of Piglets I

21-Days
Birth Old 45-Days Old

Average Average Average Avg wgt. Avg wgt.
II of weight weight weight gain per gain per

Group pigs (Kg) (Kg) (Kg) day (g) pig (Kg)

* * * * * * * *
I EG1 26 1.49 1: .13 6.91 1: .41 12.601: 1. 16 245.4 11.04

(Changbei)
CG1 26 1.37 ± .18 6.41 ± .38 11.19 ± .64 220.0 9.90

* * * * *
I I EG2 47 1.42:t .11 5.95 :t .99 12.25:! 1.79 241.4 10.86

(Beihe) CG2 33 1.38 ± .10 5.73 ± .94 10.38 ± 1.12 199.3 8.97

* * * * * * *
Total EGs 73 1.44 ± .12 6.33 ± .89 12.38 ± 1.58 242.7 10.92

CGs 59 1.37 1: .13 6.01 1: .83 10.70 ± 1.03 207.8 9.35

* * P< 0.01
* P< 0.05

Regardless of the age (i.e., birth, 21 days or 45
days), the weights of the piglets from the experimental
groups are higher than those of the control groups. The
statistical difference (P<O.Ol) is seen frequently and
is highly significant. For example, in the EG2 group
the average weight gain per day is 42.1 grams more than
that of the pigs in CG2. These data fully demonstrate
the importance of iron in the growth of suckling pigs.

In spite of the above comments, before the piglets
were 20 days old, the differences in weight were not
very obvious due to the size of the piglets. By the
time the pigs were 45 days old, the weight differences
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were very obvious, even though the control piglets
recei ved the same amount and type of iron in the; r
starter feed as the experimental piglets. This points
out the long tfrm effect of prenatal iron insufficiency
on post-natal growth rates.

The effectiveness of iron amino acid chelate in
preventing baby pig anemia by feeding the iron to the
gestating sow has significant positive benefits.
Pi gl ets are farrowed heavi er and rna i nta in the extra
weight advantage. They also have higher iron stores
resulting in more hemoglobin production and prevention
of baby pig anemia.

It is also obvious from these data that when iron
amino acid chelate is fed to the lactating sow,
additional iron is secreted into the sow's milk, thus
providing the suckling pig with supplemental iron. The
increased growth rate of approximately 3 Kg of extra
weight demonstrated the beneficial effects of this
practice.
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Chapter 14

THE EFFECT OF AMINO ACID CHELATED IRON
IN PREGNANT AND LACTATING SOWS

P. Parisini, F. Ricci Biti, L.A. Volpell i, C. Sacchi
University of Bologna

Pigs exhibit varying degrees of fertility. This
is seen in Table 1. From the data in this table, it is
obvious that a sow or gilt can produce two, six, twelve
or more live pigs per litter, and that the number of
pregnancies per year can vary depending on how quickly
the female returns to estrus after weaning, and if she
conceives on the first time she is bred. Because the
production of a small or large litter and more or less
litters requires about the same amount of feed, space,
labor, and equipment, it is evident that larger litters
of live pigs with shorter return times to estrus and
higher conception rates will result in greater profit to
the pi g producer. (1)

I Table 1 I
i Reproduction of Female Swine i
Age at puberty 5-8 months
Weight at puberty 150-250 pounds (68.2-113.6 Kg)
Estrus cycle 21 days (16-25 range)
Length of estrus 2-3 days (1-5 range)
Weaning to estrus 5 days (3-8 range)
Ovulation time 40 hours (18-60 after onset of

estrus)
Ovulation rate 12-30 ova
Length of gestation 114 days (111-117 range)
Pigs per pregnancy 6-16
Pregnancies per year 2-2.3
Pigs per sow per year 14-20
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There are several factors that wi 11 affect the
reproductive capacity of the pig. These include
fert i 1i ty, genet; cs, temperature and other env; ronmenta1
considerations, management, disease, breeding practices,
age, and nutri t ion. In the 1atter case, research
conducted at several un i vers it i es has shown that the
diet fed during growth influenced the ability of the
pi gs to concei ve, reproduce and 1actate many months
later.(2)

The same general nutritional considerations must
be accorded the mature pig as well. If its diet is
severely deficient in an essential nutrient such as
riboflavin(J,4), niacin(4), pantothenic acid(5), or protein
quant i ty or qua1i ty(6) , effi ci ent reproduct ion i s
hindered. In other studies involving mineral nutrition
similar results have been observed.(7) To illustrate, 50
pregnant sows were divided into two groups. Both groups
were housed in identical conditions. All received the
same feed except that in the treated group received a
vitamin and an amino acid chelated mineral supplement,
shown in Table 2, in its feed at the rate of 10,000 ppm
feed beginning three weeks before expected farrowing and
continued through lactation and rebreeding.
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Table 2

Analysis of Vitamin and Mineral Supplement

Vi tami n A.......................................... 770, 000 IU/kg
Vitamin D3 •••••••••••••••••••••••••••••••••••••••••• 35,715 IU/kg
Vi tami n E............................................ 1,100 IU/kg
Menadi one (Vi tami n K).................................. 550 mg/kg
Magnesi urn (Mg)a 5.00 %
Potassium (K)b 3.80 %
Iron (Fe)a 12.5 mg/kg
Manganese (Mn)a 2.5 mg/kg
Zi nc (Zn)· 6.0 mg/kg
Copper (Cu)a .03 mg/kg
Cabal t (Co)· 1.5 mg/kg

a Element given as an amino acid chelate.
b Element given as an amino acid complex.

As the sows farrowed, the number of stillborn pigs
from each farrowing were counted. Apiglet was included
in the stillborn count if it was born dead or if it died
wi thi n the fi rst 24 hours after farrowi ng. As the
piglets were weaned, the number of days each sow
required to recycle and show signs of estrus were
recorded. Finally, records were maintained to document
the number of artificial insemination services required
before conception occurred. These data are summarized
in Table 3.
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I Table 3 I
I Reproductive Study with 50 Sows I

Control Treated % Improvement

Number of stillbirths per litter 1.3 0.7 46.2 %

Days to recycle to estrus 7.5 5.0 33.3 %

% conception on first service 73.0 94.0 28.8 %

There are several nutrients in Table 2 that could
have influenced results that were obtained in the study.
One on which very little has been written, as it relates
to reproduction, is iron. Nevertheless, iron has
part i cul ar importance in the diets of pregnant sows
because its deficiency will be manifest as declines in
sow performance and piglet production. It may playa
key role in swine reproduction by catalyzing the
convers i on of beta-carotene, the precursor of vi tami n A,
to vitamin A.(·) Vitamin A is known to be essential for
reproduction. (9) There are probably other biochemical
roles of iron in reproduction that have not as yet been
elucidated that are equally important.

The scope of this present research was to
determine if the iron amino acid chelate in the above
formulation, when isolated by itself, had a positive
effect on the reproduct i ve capac i ty of sows. One
hundred and twenty Large White second litter sows were
used in this study and were individually penned in a
single house in which the environment was controlled.
All had free access to water and received the same feed
ration. During gestation each sow was limited to 2.2 Kg
per day of th i s feed. Duri ng 1actat i on each sow had
free access to as much feed as it desired. The
calculated feed analyses for the gestation and lactation
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diets were 2,888 and 2,935 Kcal/Kg of digestible energy,
13.87 % and 16.52 % of crude protein, and 0.62 % and
0.72 % of lysine, respectively.

The sows were arbitrarily divided into four groups
of thirty sows each. Any sow that miscarried or had to
be rebred was removed from the experiment. Different
levels of iron as either ferrous sulfate (FeS04 or iron
amino acid chelate were fed to the sows remaining in the
study as part of thei r rat ions . All of the groups
received 100 ppm of iron in the feed as ferrous sulfate
in order to meet NRC requ i rements. (4) Supp1ementa1 iron
was gi ven to the three treatment groups. The fi rst
group, the control, consumed 100 ppm of iron as FeS04 ,

as noted above. The second group received the base 100
ppm of iron plus an additional 200 ppm of iron for a
total of 300 ppm of iron, all of which was supplied by
FeS0 4 • The th i rd group rece i ved 100 ppm of i ron as
FeS04 and 150 ppm of iron amino acid chelate. The last
group recei ved 100 ppm of i ron from FeS04 pl us an
additional 200 ppm of iron as an amino acid chelate for
a tota1 of 300 ppm of iron. The feed i ng of these
different iron levels commenced on the day of conception
and continued through gestation, lactation and
reconception.

All sows were farrowed in farrowing crates. Each
sow was weighed when entering and exiting the farrowing
crate to ascertain the loss of weight during delivery.

The intervals between weaning and estrus and
between weaning and the next conception for each sow
were recorded. The number of artificial inseminations
per subsequent pregnancy for each sow was also recorded.

As each sow farrowed, the number of stillborn pigs
(24 hours) and the number of live pigs were recorded.
The number of live born pigs that were weaned in each
litter was also noted, thus allowing a total mortality
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percentage to be calculated. The weight of the litter
at birth and at weaning (which occurred on the average
at 26 days of life) were recorded.

All of the data thus gathered were statistically
evaluated using the chi-square method.

The results of this study are seen in Table 4.

I Table 4 I
Reproductive Results in Sows and Piglets Fed Different
Quantities and Forms of Iron as the Single Variable

GROUPS A B C D

Available iron:
-from sulfate ppm 100 300 100 100
-from amino acid chelate ppm - - 150 200

Sows number 19 23 24 29
Length of lactation days 26.2 25.8 26.1 26.1
Feed consumption during
lactation Kg/day 4.07 4.02 3.96 3.85

Loss of weight in
delivery room Kg 34.74 29.14 26.85 33.28

Piglets born alive number 9.51 9.22 9.13 9.63
Average birth weight Kg 1.42 1.43 1.42 1.37
Piglets weaned number 7.73 8.00 7.88 8.26
Average weight after

26 days of life Kg 5.22 5.20 4.84 4.97
Mortality % 18.72 13.21 12.70 14.21
Interval between
weaning/estrus days 7.95 8.32 9.45 8.33

Interval between
weaning/conception days 30.05 37.27 23.91 26.00

Inseminations/conception number 1.63 1.82 1.45 1.50
Interpartal period days 171.47 178.68 164.82 167.17
Births/year (projection) number 2.13 2.04 2.21 2.18
Piglets/sow/year

(projection) number 20.26 18.81 20.18 20.99
Piglets weaned/year

(projection) number 16.47 16.32 18.17 18.01

In analyzing the data in Table 4, it was found
that none of the differences were statistically
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significant. Nevertheless, there was economic
significance as noted by the decline in mortality rates
of the piglets farrowed to sows receiving the iron amino
acid chelate. This observation has been confirmed by
others. Duri ng 1actat ion, the two groups of sows
receiving the chelates consumed an average of 3.25 Kg
less feed than those sows receiving the sulfate.

In examining the reproductive data, it was noted
that there was a greater time period between the time of
weaning and first estrus in the group that received the
amino acid chelates. This is contrary to the data in
Table 3. However, this trend was not sustained by the
length of time between weaning and conception or by the
number of inseminations per pregnancy. To the contrary,
the sows which received the iron amino acid chelates
(300 ppm) became pregnant approximately ten days sooner
and required 1/3 less inseminations per sow to achieve
pregnancy.

This study demonstrated that there is a shorter
period between births when the sows are fed the iron
amino acid chelate. Thus, the fertility of the sow is
improved as a result of the chelate. This improvement
equates to approximately 1.5 more piglets per sow per
year when the iron amino acid chelate is fed as part of
the feeding program. While not statistically
sign i fi cant, these improvements are economi call y
significant.

It was not possible to obtain similar results when
ferrous sulfate was fed at equivalent levels. When this
form of iron is fed beyond the normal requirements it
does not modify productivity. Increased fertility was
achieved only with iron amino acid chelate.
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Chapter 15

IMPROVING REPRODUCTIVE PERFORMANCE
WITH IRON AMINO ACID CHELATE

A. H. Darneley, D.V.M.

A few years ago, a new generation of trace
minerals, known as amino acid chelates, was introduced
to the market in the United Kingdom. They differed from
other chelates then available in that the metals were
chelated with amino acids from hydrolyzed protein and
subsequently stabilized. Thus, a low molecular weight
amino acid chelate was formed, somewhat similar to the
chelation process which occurs naturally in digestion in
animals.

It was claimed that by feeding this product to the
gestating sow, better live piglet birth rates and lower
piglet mortality could be achieved.(1) Thus, more pigs
could be reared per litter, with higher average weaning
weights. I decided to test the iron amino acid chelate
in a herd.

I had previously noted in the proposed test herd
that the percentage of stillborn piglets was greater in
the litters of older sows. In examining forty of those
litters more closely, I determined that the older sows
had longer farrowing times and longer intervals between
birthing individual piglets than younger sows with
similar litter size. When farrowing was completed
within two and a half hours, stillborn piglets were
rare, but when farrowing took up to six hours, many of
the piglets born towards the end were stillborn. In
addition, thin sows had more prolonged farrowings with
more stillborn piglets than sows in good condition.
Finally, I noted -that in earlier experiments which
measured parameters different than those for late
farrowi ng probl ems, sows that had been fed the iron
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amino acid chelates had fewer stillborn piglets,
regardless of age.

With these initial observations in mind I decided
to determine in the study if reproductive performance in
later farrowings could be improved by feeding gestating
pigs iron amino acid chelates. The research began with
the above observations in mind and with a background of
detailed farm records extending back for several years.
A summary of piglet mortality rates in terms of
farrowi ng numbers for the two years previ ous to the
inception of the study is shown in Table 1. Note the
rapi d increase of pi gl et mortal i ty experi enced after the
sixth farrowing.

I Table 1 I
Increased Piglet Mortality as a Function of Farrowing Number

No. of Farrowing 1 2 3 4 5 6 7 8

% in Herd 21.9 17.21 15.78 13.16 13.66 10.01 5.76 2.52
Avg. total born 10.7 11.0 12.1 12.7 13.0 13.1 13.6 13.5
Avg. reared to 9.1 9.3 9.6 9.8 10.3 9.9 9.5 9.0

21 days
Mortality % of 14.95 15.45 20.66 22.83 20.77 24.43 30.15 33.33
total born

Average pigs reared per litter for all sows was 9.56.

Over the course of the two and a half year trial
peri ad (as we11 as for the two years pri or to the
inception of the trial) the same rations had been fed,
with the same specifications and formulas and at the
same basic feed levels in pregnancy and lactation. In
addition, the sows were housed under the same conditions
and had the same herd manager for the entire four and a
half year period.

The 200 sow herd used for the trial comprised sows
of mixed Large White and Landrace blood which were back-
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crossed to pure Large White or Landrace boars or
reciprocally crossed crossbred boars. Many gilts were
introduced to the herd annually to gain maximum genetic
improvement. Culling was rigorous at all sow ages,
usually due to poor breeding and conformation,
particularly poor legs.

Sows instead of gilts were initially selected for
the study for three reasons: 1) the percentage of
mortality was highest in their litters, as noted in
Table 1, 2) the sows were tethered so individual
supplement feeding was easily accomplished, and 3) gilts
do not produce as many stillbirths as do sows, and the
number of stillbirths was one of the parameters
measured. Sows were farrowed in Solari type pens,
weaned into yards in groups of four or five and tethered
on the day of the second service. They remained in the
tether houses until four to ten days before farrowing.
Straw was given three times weekly. The sows were fed
high quality rations which retained the same composition
during the research period, as previously noted. After
service, dry sow ration was fed twice daily at five
pounds (2.27 Kg) per sow per day. From November to
March, the weekly ration was increased by 2.5 pounds
(1.13 Kg), the extra food being given in two feeds of
1.25 pounds (0.57 Kg) each during the week. In
lactation, a higher protein/energy ration was fed at a
level of up to twelve pounds (5.44 Kg) per day. Weaning
took place between nineteen and twenty-eight days,
depending on piglet weight. Between weaning and
service, six to eight pounds (2.72 to 3.63 Kg) of feed
was fed each day. After service, any very thin sows
received 6.0 to 7.5 pounds (2.72 to 3.40 Kg) per day for
the fi rst four to six weeks of pregnancy unt i1 body
condition was normal. This was rarely necessary after
the trials had been under way for a year.

Selection of sows for the trial and control
grouping was done by taking all sows due to farrow in
one week for the trial group. Those due to farrow
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during the following week were selected as controls.
This prevented complications with cross-suckled piglets.

For the first nine months of the study, the amino
acid chelated iron was fed diluted one part in 33 with
meal. Each trial sow in the pilot study received two
ounces (56.7 g) of this supplement once daily, as a top
dressing, during the last 21 to 24 days of pregnancy
(the average being 22 days). The sows in the control
group received 2.75 pounds (1.25 Kg) of unsupplemented
meal in one feed, ten days before farrowing. This
equated to receiving an equivalent amount of meal as in
the trial group less the iron amino acid chelate.

For the second nine months of the experiment, the
feed was modified to supplement one part of the iron
amino acid chelate in 25 parts of meal. This was still
given at the rate of two ounces (56.7 g) per sow per
day, but for a longer period of time (between 27 and 30
days, the average being 28 days).

Records were kept of the total number of piglets
born, the piglets born alive and dead, and the total
number of piglets reared to three weeks. For this
trial, piglets that were stillborn or that died within
the first twelve hours after farrowing were counted in
the 'Born Dead' category.

Table 2 shows the results of the initial pilot
study of 35 control and 35 trial sows. There was a 27%
reduction in piglet mortality from the sows in the trial
group compared with the controls. This was surprising
because the total pigs born were greater in the trial
group and a higher morta1i ty percentage woul d, thus,
have been expected in that group. This reduced
mortality was mainly due to reductions within the "Born
Dead" category.
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I Table 2 I
I Improved Liveability on Pilot Trial I

35 Trial Sows 35 Control Sows

Average total born per litter 11.92 11.20
Average born alive per litter 10.9 9.89
Average born dead per litter 1.02 1.31
Average redred to 3 weeks per litter 10.29 9.31
Percent mortality of total born 13.67 % 16.88 %
Percent born dead of total born 8.56 % 11.70 %

Because the results in Table 2 indicated that the
iron amino acid chelate could reduce the percentage of
stillborn piglets, further studies were conducted to see
if this could be substantiated on a larger number of
pigs over a longer period of time. The amino acid
chelate supplementation period was increased to 28 days
prior to farrowing.

It soon became obvi ous that meani ngful compari sons
between numbers reared, following trial or control
treatments, could only be made by comparing sows that
had farrowed the same number of litters. The research
cant i nued unt i1 a 1arge number of sows had farrowed
following trial or control treatments. Table 3 shows
results for this evaluation.
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I Table 3 I
Differences in Farrowing Based on Number of Litters

Tri al Sows (148)

No. of Farrowings 2 3 4 5 6 7 8

No. of sows in group 22 30 20 19 31 11 15
Avg. total born/litter 10.91 11.73 12.65 12.84 13.19 13.73 13.07
Avg. born alive/litter 10.18 10.80 11.25 11.73 11.35 12.55 10.60
Avg. born dead/litter 0.73 0.93 1.40 1.11 1.84 1.18 2.47
Mortality as % of
total born 12.47 12.79 16.60 13.94 23.96 21.85 22.95

Avg. reared/litter 9.55 10.23 10.55 11.05 10.03 10.73 10.07

Control Sows (152)

No. of Farrowings 2 3 4 5 6 7 8

No. of sows in group 39 27 25 18 16 11 16
Avg. total born/litter 11.03 12.15 12.92 13.56 12.81 12.91 13.3
Avg. born alive/litter 10.21 10.30 11.64 11.95 11.94 10.82 11.17
Avg. born dead/litter 0.82 1.85 1.28 1.61 0.87 2.09 2.13
Mortality as % of
total born 14.69 19.26 17.34 19.32 14.60 28.20 22.93

Avg. reared/litter 9.41 9.81 10.68 10.94 10.94 9.27 10.25

% Less Mortality in
Trail Group vs. Control 2.22 6.47 0.74 5.38 9.36 6.35 0.02

B = Better B B B B W B B
W= Worse

There were reductions in piglet mortality rates of
between 15% and 30% in the second, third, fifth, and
seventh parities. Fourth litter farrowings had a slight
improvement. Si xth 1i tter farrowi ngs showed reduced
mortality in the control group. This was a smaller
group of pigs than the trial group. Among the sixth
litter farrowing trial group, there were 7 sows who were
thin before they farrowed and who had exceptionally high
litter mortality. Furthermore, it was observed in this
sixth litter farrowing that seven of the control pigs
had not become pregnant on their first service and had
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to be rebred six weeks later. This rest from pregnancy
enabled them to farrow in better condition than usually
expected with the sixth litter farrowing and may also
help explain the lower mortality. No trial sows in the
sixth farrowing had to be rebred, and therefore, they
lacked the rest period afforded to some of the control
sows. It would thus appear that the hoped for
physiological similarities among pigs in the trial and
control groups were not present and the results, which
did not follow the trend of the trial as a whole, could
be due to an inner (though unintentional) bias.

The study was continued for an additional six
months. As a result of choosing each group on a week
to-farrow basis, some sows previously in a trial group
were subsequently placed in a control group on the next
pregnancy cycle and vice-versa. This had the beneficial
effect of helping to cancel out the effects of sow to
sow variabilities due to individual physiology and
vigor. When this occurred, the results were
differential between extremes of the two former groups.
The mortality for the litters of former control sows
that had become trial sows was less than for previous
control sow litters, although not as low as the current
trial litters, as a whole. This suggested that the
beneficial effects of the iron amino acid chelate were,
to some extent, carri ed over from one 1i tter to the
next. Table 4 shows the numbers born and reared and the
percentage mortal i ty of pi gl ets from sows and gi 1ts
farrowing in the first six months of the study. During
this period, 76% of sows were treated, and this
represents 60% of the total farrowing. Piglets born to
gilts and their subsequent survival were lower in number
as compared to the sows.
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I Table 4 I

I Herd Results for Six Months I
Farrowing 1 2 3 4 5 6 7 8

% in Herd 23.15 18.17 15.11 12.86 10.29 8.84 6.75 4.82
Avg. total born 10.50 11.03 12.03 12.81 13.02 13.33 14.00 13.52
Avg. reared to

21 days 8.66 9.43 11 .1 10.44 10.70 10.36 10.50 10.77
Mortality %of
of total born 17.52 14.51 7.73 18.50 17.82 22.28 25.00 20.34

Average pigs reared per litter for all sows was 10.24.

Condition scoring records had establ ished the 1ink
between poor sow cond it i on and lowered reproduct i ve
performance, including numbers reared. Culling records
for two years showed that over 2/3 of the sows culled
after five litters were judged "too thin" as a
contri butory reason for cull i ng. There had been an
observed connect i on between becomi ng "too thi nil and
demonstrating poor reproductive performance at the next
breeding. Prior to the commencement of this experiment,
the normal scenario for aging sows was to become
progressively thinner with most reaching the stage where
performance was affected at about the sixth pari ty.
After the sixth litter there would be a marked drop in
the number of piglets reared (as seen in Table 1).
Thus, in previ ous years, most sows were cull ed after
this litter. Other criteria for culling a sow from the
herd were poor numbers of pi gl ets reared per 1i tter
(under 9), and/or poor weights of growing piglets (which
denoted poor milking or poor health of the mother).

Comparing Tables 1, 3 and 4, it can be seen that
mortality in piglets from sows not fed the iron amino
acid chelate increased dramatically after the sixth
litter. With the addition of the iron amino acid
chelate supplementation, this no longer occurred (Tables
3 and 4). The overall effect of the supplementation on
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the ent ire herd was to ra i se the number of pi gl ets
reared per litter by 0.41. This was done in spite of
the fact that only 60% of farrowing females in the whole
herd had received the iron amino acid chelate
supplement, and in spite of a slight rise in the
percentage of gilts and their concomitantly lower
numbers reared in first farrowings.

The culling records for the first six month period
showed that only 15% of the experimental sows had "too
thin" as a contributory reason for culling (compare
mortalities shown in Table 4). Over the period of the
experimentation, a large number of sows had their back
fat measured ultrasonically at the level of the last rib
at the P2 position. Table 5 shows the average P2 at
selection (upon reaching 200 lbs.), at the point of
first service, and at each weaning, thereafter. This
measurement was in agreement with the visual assessment
of body fat percent, and showed that no further
reduction in body fat occurred after the third litter
was weaned. The older sows remained in good condition
although no extra food was fed (see Figure 1). Only 2
sows had P2 measurements as low as 11 mm out of the 80
weaned toward the end of the research period.
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Table 5

Backfat of Sows

Average P2 mm.

Gilts at 200 lbs.
1st service
1st weaning
2nd weaning
3rd weaning
4th weaning
5th weaning
6th weaning
7th weaning
8th weaning

13.5
17.5
19.1
19.2
17.6
17.2
15.9
18.0
16.3
17.5

The retention of body fat may contribute to the
observed improvements in reproductive performance.
There is some evidence that sows with P2 measurements of
10 mm, and below, are at some risk of reproductive
failure in the near future. Ultrasonic measurement
together with visual score have confirmed that the sows
described as "too thin" in the culling records had a P2
of 9-10 mm, or below.

After one year into the study, scoring showed an
improved condition in the trial sows compared with the
control sows, especially where they had been on the
trial regime for two farrowings. Breeding performance
in respect to returns to servi ce, farrowi ng rate to
fi rst servi ce and reduct ion in empty days appeared
improved, as well as numbers reared in the trials sows.
This is also seen in Figure 1.
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Figure 1. The effect of amino acid chelated iron
on the sow's body condition and productivity.

It was noted during the course of the study that
the sows fed iron amino acid chelate appeared to lose
less body condition during lactation than did the
controls. For this reason, it was decided to include
gilts in the study. Gilts generally lose more body
condition than sows during lactation and, consequently,
have a longer weaning to service interval, as well as
more returns to service and more empty days. Gilts were
kept in groups of five in yards with individual feeders.
This necessitated group feeding of the iron amino acid
chelate supplement. By convention, it was fed for 28
days before the first gilt was due to farrow.
Consequently, a few gilts were thus supplemented for
seven weeks, although this occurrence was rare.
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Tabl e 6 shows the reproduct i ve performance of
gilts between the weaning of their gilt litter and being
serv; ced for the; r second 1; tter. It compares the
var; ous parameters w; th 1; ke f; gures from a survey
conducted in 60 herds of breeding pigs which was carried
out in 1979. The survey contained sows of all ages, but
shows a similar picture to the controls in this current
study. The average total empty days category equals the
total of all days wasted including weaning to service
days, returns, and days from weaning to culling for any
sow who does not farrow; divided by the number of sows
who do farrow.

I Table 6 I
I Reproductive Performance of Gilts I

Own Herd 2nd Farrowing
Reproductive Performance M&LC Survey

Tri al Control

Number of sows 84 76 1995
Farrowing rate - 1st service 93 % 84 % 83.6
Cull rate after 1st service 2.4% 6.6% 7
Weaning - service interval (days) 7.11 8.79 7.8

Average total empty days includes 10.6 17.27 23.0
weaning to service interval, days
wasted by returns and before
culling.

The fo 11 owi ng general it i es for normal sow
performances can be extrapolated:

1) 9.5 pigs reared for the second 1itter

2) 114.9 days service to farrowing (M &
LC Survey)

3) 28.3 days lactation (M &LC Survey)
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By using these assumptions and the figures
summarized in Table 6, one can calculate the piglets
reared per sow per year. The variation is then
dependant on empty days only. These calculations yield
the following data:

M & LC Herds 20.86 pigs per sow per
year

Own Herd Control Gilts 21.61 pigs per sow per
year

Own Herd Trial Gilts 22.57 pigs per sow per
year

This gilt trial contains a low number of pigs.
However, if one compares the breeding results for the
whole herd for the two years before the trials began
with the experimental breeding results obtained after
most sows were receiving the supplement (with the
except i on of 2/3 of the tota1 gil ts wh i ch were not
included in the experiment at that time), one can see
improvement both in the number of pigs reared per litter
and pigs per sow per year (see Tables 1,3,4,6). Weaning
age had not altered, but the pi gs per sow per year
improvement proved to be greater than can be explained
by litter size alone. This shows that empty days are
reduced in the sows. The improvement in reproductive
performance in the second year of the study equated to
producing the same number of weaners as in the first
year with 8.7% fewer sows. Table 7 also shows that a
much lower percentage of sows in the second year were
culled for being "too thin" than occurred in the first
year.

The number of sows requiring extra food to correct
their body condition was also much lower in the second
year than in the first year. This is reflected in the
annual sow feed consumption figures shown in Table 9.
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Table 7

Comparison of Sow Performance Between the First and Second Test Years

First Year

Farrowing 1 2 3 4 5 6 7 8+

% in Herd 21.9 17.2 15.6 13.2 13.7 10.0 5.8 2.5
Avg. no. reared 9.1 9.3 9.6 9.8 10.3 9.9 9.5 9.0
Avg. pigs/litter 9.55

60% of cull sows "too thin"

Second Year

Farrowing 1 2 3 4 5 6 7 8+

% in Herd 21.2 17.8 15.3 12.7 13.5 5.9 4.3 9.3
Avg. no. reared 9.0 9.4 11.1 10.4 10.7 10.4 10.5 10.4
Avg. pigs/litter 10.24

10% of cull sows "too thin"

Improved Performances

Pigs/litter 7.11% increase
Pigs/sow/year 1.9 increase
Required sows 8.7% less sows required to produce same number of

weaners

Many factors adversely affected by poor condition
appear to be improved by supplementation with the iron
amino acid chelate. Table 8 lists some of the effects
of poor sow condition on reproductive performance and
corresponding beneficial effects of iron amino acid
chelate supplementation.
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I Table 8 I
Effects of Iron Amino Acid Chelate on Sow Performance

Effects of Poor Condition on Effects of Amino Acid Chelated
Reproductive Performance Iron Supplementation

* Reduced lactation yields causing * Some evidence of raised 3 week
lower 3 week weights. weights.

* Longer weaning to service * Reduced weaning to service
intervals. intervals.

* More returns to service (at 21 * Fewer returns to service.
days and longer intervals).

* Longer farrowing interval - * Shorter farrowing interval -
fewer litters/sow/year. more litters/sow/year.

* Abortion in extreme emaciation. * No sows extremely emaciated.

* Increased culling. * Reduced culling.

* Reduced sow life. * Increased sow life.

This two and a half year study provided evidence
that sows fed amino acid chelated iron in the last month
of pregnancy reared more piglets, especially in later
farrowings. The economic effect of raising more pigs
per litter is seen in Table 9, which summarizes the
amount of sow and boar food required per piglet reared.
During the 2.5 years of the study the overall amount of
food consumed per piglet reared was reduced by 17.7%.
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I Table 9 I
Economic Effect of Iron Amino Acid Chelate Supplementation

Year Litters Per Pigs Reared Pigs Reared Sow Feed Sow Feed
Ending Sows Per Per Litter Per Sow Per Per Year Per Piglet
Autumn Year Year in Tons in Kilograms

Year 1· 2.200 9.57 21.05 1.20 57.01
Year 2 2.278 10.08 22.96 1.10 47.91
Year 3 2.340 10.05 23.52 1.07 46.45

·Year 1 represents initiation values, prior to the beginning of the
Iron Amino Acid Chelate supplementation.

Notes: 10% fewer sows needed in year 3 to produce same number of
weaners as in year-1 17.7% less sow feed per piglet reared
in year-3 compared to year-I.

In conclusion, after two and a half years of study
it became obvious that the amino acid chelated iron had
a positive effect on herd performance. The number of
piglets reared per litter increased by more than 5%.
The very high percentages of mortality in litters after
the sixth farrowing, which were seen at the beginning of
this study, did not occur in ensuing years. Many of the
older sows in the first year of the study became thin
and necessitated culling. This also no longer occurred
1ater in the study. Ul trasoni c measurement of sow
backfat in animals which received the amino acid
chelated iron indicated that body fat remained
consistent after the third litter. This may have
contributed to the reduced mortality in litters of older
sows. Reproduction also improved, with 39% less open
days between weaning and service. Furthermore, the
incidence of sows conceiving on the first service
increased by almost 11%.

It appeared that supplementing the gestating pigs
diet with iron amino acid chelate for 28 days prior to
expected farrowing was adequate to improve reproductive
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performance. The economic advantages of using the iron
amino acid chelate in this test were obvious. Not only
were sow effi ci enc i es improved, but the effects on
offspring viability were also marked. This
supplementation was obviously not a substitute for good
management, but in a well managed herd it was able to
improve performance and profitability.
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Chapter 16

A NUTRITIONAL APPROACH TO MAXIMIZING
CARCASS LEANNESS

David Atherton
Thomson and Joseph Limited

Originally, it was believed that the primary role
of the pig in livestock production was to economically
convert cheap feeds into fat. As the chemistry of fats
evolved and the cheaper vegetable oils became acceptable
substitutes for pork lard, the swine industry changed
from producing a lard-type carcass to an either more
meaty, heavier-muscled carcass or a leaner, bacon-type
carcass. (1)

With this evolution, the producer turned to
genet ics to ass i st in those changes. Th i s work was
directed primarily towards improving the efficiency of
pig production through repartitioning of growth towards
lean meat deposition and away from fat. Genetists
discovered, for example, that by increasing the carcass
length, the b~ckfat thickness was also reduced as seen
i n Figure 1. (1 )

269
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Figure 1. Development of length of carcass,
thickness of backfat, and thickness of sidefat
for Dani sh Landrace pigs sl aughtered at about
200 pounds, live weight, from 1926 through 1974.
As carcass length increases, backfat and sidefat
are reduced.

Different breeds of pigs produce different levels
of fat. Even the source of genetic material within a
breed has a bearing on actual incorporation of
characteri st i cs into progeny. It shoul d be noted,
however, that the sows' genetics, while important, do
not have the same genetic influences on a herd that a
boar does. Thus, producers tended to concentrate on the
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boar, believing that the characteristics of the boar
would permeate throughout the herd. With this in mind,
the various breeds were analyzed for fat production in
an attempt to establ ish a general profile that would
measure pig performances and the data are summarized in
Table 1.(3) Al~ of these animals were raised on slatted
floors and fe~ the same 16% protein and 3% fat diet.

I Table 1 I
Body Profiles of Different Breeds of Pigs

Daily Lean Lipid
Lean feed Feed Avg 10th gain %01

Total effi- eonsump- effi- daily rib Loineye Dressing day on loin
no. ciency tion ciency gain backfat area percen- test muscle

Breed pigs (Ibs.) (Ibs.) (Ibs.) (Ibs.) (in.) (sq.in.) tage (Ibs.)

Berkshire 58 8.51 5.43 3.22 1.69 0.98 5.52 73.87 0.688 2.80

Dekalb 77 132 8.02 4.96 3.24 1.53 0.96 6.02 73.25 0.634 2.50

Duroe 213 8.28 5.37 3.14 1.71 0.94 5.64 73.01 0.678 3.25

(F1) Duroe- 141 8.46 5.28 3.27 1.62 0.98 5.60 72.87 0.634 2.84

Hampshire

Farmers 180 8.43 5.21 3.27 1.60 1.03 5.85 73.75 0.636 2.73
Hybrid

Hampshire 199 8.00 5.14 3.17 1.62 0.91 5.83 72.71 0.655 2.48

PIC HY 89 7.89 4.97 3.11 1.60 0.89 5.81 72.82 0.654 2.14

PIC L-26 153 7.78 5.13 3.12 1.65 0.82 5.85 72.45 0.668 2.53

Poland China 92 8.70 5.29 3.38 1.57 1.01 5.51 73.11 0.614 2.72

Yorkshire 133 8.76 5.34 3.30 1.62 1.03 5.32 72.90 0.637 2.38

Mean 8.28 5.21 3.22 1.62 0.96 5.70 73.07 0.650 2.64

Standard 0.34 0.16 0.09 0.08 0.07 0.21 0.45 0.023 0.30
Deviation

The data in Table 1 emphasize lean efficiency as
compared to feed efficiency. According to David Meeker
of the National Pork Producer's Council, "Feed
efficiency gives you too much credit for fat. Lean
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efficiency is a better statistic to use because it talks
about feed requ i red per pound of ed i b1e product. II (3)

A survey among pig producers reported that the
issue which has top priority in their minds is the
production "of lean, high qual ity pork muscle. II

(4) The
genetics are currently available to efficiently and
economi call y produce a 1eaner pig. (3,4) However, even
genetics will not produce a leaner pig if the producer
provides the wrong feedstuffs to the animal. Feed is
the largest single factor in producing lean meat. It
represents 60% to 70% of the total farrow-to-finish
costs, 50% to 60% of the cost of raising feeder pigs,
and 65% to 71% of the cost of grower-finisher
operat ions. (5)

Probably the most obvious change in feeding
practices for leaner meat has been the continuous rise
in the amount of crude protein being included in the
feeds. This trend has been designed to match the higher
protein deposition rates in lean meat. In spite of
this, it has largely been a comprehension of the roles
of amino acids in the diet and particularly the optimum
ratios and levels of the amino acids (the so-called
ideal protein), which have had the greatest impact on
maximizing the pigs' genetic potentials for protein
deposition.

Even with these feed modifications, there is a
higher cost of feeding pigs for lean meat at their
latter stages of development. This is due to a
metabolic tendency to increase body fat production at
the expense of protein development. These data are seen
in Figure 2.(6)
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ash in the empty body of pi gs from 50 to 325
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From the data in Figure 2 it can be seen that any
nutrient that would flatten the slopes of the protein,
water, and fat curves would be of interest to the swine
producer who is trying to increase the leanness of his
pigs. In economic terms such a nutrient would result in
reduced energy requirements since lean meat is composed
largely of water (80%) whereas fat contains less than
10% water and has twice as much energy concentrated in
it as does lean meat. Thus, as the producer attempts to
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raise leaner pigs, their feed efficiency should also
improve.

Manganese is a nutrient which is essential for
1eaner carcasses and improved feed effi ci enci es
mentioned above to occur. Previous research has
demonstrated that both liver and bone fat are reduced
with manganese supplements.(7) Furthermore, a manganese
deficient diet has produced excessive fat deposition in
pigs.(8,9) This may have been due in part to the
essential role that manganese plays in the metabolism of
fatty acids. In its absence, fatty acids are not
synthesized from body tissue fat.(lO) When fatty acid
synthesis is impaired, dietary fat remains stored as
body fat rather than bei ng used for energy. (11) In fact,
a clinical sign of a manganese deficiency in pigs is
increased fat deposition.(12)

In other research it has been demonstrated that
cont i nuous feedi ng of 2 ppm, 5 ppm, or 10 ppm of
manganese as either manganese sulfate or as an amino
acid chelate resulted in 13.9% (2 ppm), 39.4% (5 ppm),
and 155.7% (10 ppm) more manganese in the liver from the
chelate source compared to the sulfate.(1J) In
radioactive isotope research involving laboratory
animals, the group receiving a single dose of 32 mcg of
manganese as an amino acid chelate had 239% more ~Mn

distributed throughout their bodies than a similar group
which had received an equivalent amount of ~Mn as
manganese sul fate. (14)

In a foundat i on work conducted by th i s author
under the direction of J. Bibby Agricultural Ltd., U.K.,
various contributions of Albion amino acid chelates were
assessed in pigs over the course of five years. In the
area of backfat reduction, zinc and manganese amino acid
chelates were found to have greater effects with
manganese outstripping zinc. The following tables
demonstrate the results relating to manganese amino acid
che1ate. The tests were all conducted on grower and
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finishing pigs because the preliminary studies alluded
to above had demonstrated that this was the period in
which the most fat is incorporated into the tissues.

The first trial to evaluate amino acid chelated
manganese in finishing pigs involved PIC Camborough
Breeding stock. Twenty-four (24) pigs which were all
eleven weeks old and had an average weight of 34 kg,
were arbitrarily divided into two groups. Both groups
received the same diet, except that 20 mg/kg of
manganese as the amino acid chelate was added to the
food of the treated group. The test continued for sixty
days, at which time all of the pigs were butchered.
Table 2 summarizes the results.
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I Table 2 I
The Effects of Adding Manganese Amino Acid Chelate to the Diets
of Finishing Pigs

Control Treated % Difference
(Treated

Compared to
Control)

No. pigs 12 12 ---
Average start weight (kg) 34.21 34.08 -0.4 %
Average final weight (kg) 85.50 87.04 101.8 %
Average weight gain (kg) 51.29 52.96 103.3 %
Days on test 60.8 59.1 ---
Average daily gain (kg) 0.844 0.900 106.6 %
Feed consumed/pig (kg) 143.58 138.82 -3.3 %
Feed conversion rate 2.80 2.62 -6.4 %

Carcass Data

Average killing out (Kg) 74.83 73.17 -2.2 %
Fat depth at Pz (T11T1) 10.67 10.08 -5.5 %
Number grading AA1 5 10 200.0 %
Number grading 61 7 2 -71.4 %

Economic Data

Average price/kg deadweight (p) 111.44 115.92 104.0 %
Average return per pig (£) 71.30 73.60 103.2 %
Feed cost/tonne (£) 140.57 141.24 100.5 %
Average feed cost/pig (£) 20.18 19.61 -2.8 %
Average gross margin/pig (£) 51.12 53.99 105.6 %
Extra gross margin (£) -- +2.87 --

Another series of trials was made to ascertain if
simi 1ar resul ts coul d be obta i ned wi th manganese sul fate
as those observed with the manganese amino acid chelate.
For this study, 48 pigs were used with an average
starting weight of approximately 35 kg. They were
divided into four groups. Each group received the same
pell eted feed except for the amounts and types of
manganese included. Group 1 received 20 ppm of
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manganese as manganese sulfate. Group 2 received 20 ppm
of manganese as manganese sulfate and 20 ppm of
manganese as manganese ami no ac i d che1ate. Group 3
recei ved 40 ppm of manganese as manganese sul fate.
Group 4 recei ved 100 ppm of manganese as manganese
sul fate. Fi fty-fi ve days after commencement of the
test, all of the pigs were butchered. Table 3 presents
the data.

I Table 3 I
A Comparison Between Manganese Sulfate and Manganese Amino Acid
Chelate in Finishing Pigs

Results Treatment

Group 1 Group 2 Group 3 Group 4

No. of pigs 12 12 12 12
Average start weight (kg) 36.00 35.00 34.80 35.92
Average final weight (kg) 80.33 83.93 82.50 83.17
Average weight gain (kg) 44.33 48.93 47.70 47.25
Days on test 55 55 55 55
Daily weight gain (kg) 0.806 0.890 0.867 0.859
Average feed/pig (kg) 126.40 127.95 126.80 128.76
Feed conversion 2.85 2.62 2.66 2.73

Carcass Data

Killing out % 73.00 73.00 72.60 74.33
Fat depth Pz (rTlTl) 13.83 12.33 14.40 14.33

Economic Data

Price/kg dead weight (p) 99.50 101.17 97.50 97.83
Returns/pig (£) 58.35 61.99 58.40 60.48
Feed cost/tonne (£) 209.20 209.95 209.23 209.30
Feed cost/pig (£) 26.44 26.86 26.53 26.95
Margin over feed/pig (£) 31.91 35.13 31.87 33.53
Extra gross margin/pig - +3.22 -0.04 +1.62
(£r

• Groups 2, 3, and 4 compared to group 1.
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These data demonstrate that the manganese amino
acid chelate is more bioavailable than the manganese
sulfate. Similar results produced by the chelate could
not be obtained when equivalent, or greater amounts, of
manganese from the sul fate were used. The manganese
amino acid chelate improved carcass quality by reducing
fat deposition. Elevated levels of manganese sulfate
did not. The manganese amino acid chelate also improved
growth and feed efficiency.

In a third trial, it was decided to compare the
effects of the manganese amino acid chelate with
che1ated manganese gl uconate. It was bel i eved that
since the latter was considerably less expensive, and
was also a chelate, there may be an economic advantage.
Thirty-five eleven week old pigs averaging approximately
31 kg each, were divided into three groups: negative
control, amino acid chelate, and gluconate. All
received the same pelleted finishing feed except for the
inclusion of 20 ppm of manganese as either the amino
acid chelate or the gluconate in the pellets of the two
test groups' feed. At the concl us i on of the test
period, all were butchered. Table 4 summarizes the
results.
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I Table 4 I
An Evaluation of Manganese Amino Acid Chelate and Manganese Gluconate
Against a Negative Control in a Pelleted Finishing Feed

Treatment
Control Mn Amino Acid Mn Gluconate

Chelate

Number of pigs 11 12 12
Average start weight (kg) 31.59 31.63 31.38
Average final weight (kg) 89.86 89.88 92.08
Average weight gain (kg) 58.27 58.25 60.70
Days on test 65.82 65.50 70.17
Daily weight gain (kg) 0.885 0.889 0.865
Average feed/pig (kg) 153.92 152.80 165.30
Feed conversion 2.64 2.62 2.72

Carcass Data

Killing out % 75.67 75.83 75.83
Fat depth @ P2 (nm) 16.25 14.92 15.50
Grade (%) 1 --- 8 ---
Grade (%) 2 33 50 67
Grade (%) 3 50 42 25
Grade (%) 4 17 --- 8

Economic Data

Price/kg deadweight (p) 93.81 98.25 97.83
Returns/pig (£) 63.79 66.96 68.31
Feed cost/tonne (£) 193.30 194.10 194.10
Feed cost/pig (£) 29.75 29.66 32.08
Margin over feed/pig (£) 34.04 37.30 36.23
Extra gross margin/pig (£)- --- 3.26 2.19

- Treatments compared to control.

As can be seen from these data, the best growth
and feed convers i on were ach ieved when the manganese
ami no ac id che1ate was fed. The P2 measurement was
reduced by 1.3 mm in the pigs given this manganese
supplement which resulted in better grading and improved
margin over feed per pig. While the manganese gluconate
may act in a similar way to the amino acid chelate by
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reducing backfat thickness, it is not as effective, and
thus, the economic benefits are less.

Although they have not all been presented here,
seven separate tri a1s were conducted us i ng manganese
amino acid chelate. The manganese amino acid chelate
consistently showed a reduced backfat effect at the P2
probe position which, in some trials, was also
accompanied by an improved growth rates and feed
utilization. The manganese amino acid chelate also
tended to demonstrate a greater response at a lower
level of supplementation (20 ppm of manganese from the
chelate versus 100 ppm from the sulfate). That dosage
rate has since represented the basis for commercial
evaluation and usage.

In a final study, 36 Camborough XLarge White pigs
(18 boars and 18 gilts) were divided into two groups:
the control and experimental. Six pigs ( 3 boars and 3
gilts) were housed in each pen. All were eleven weeks
of age and weighed approximately 31 Kg at the beginning
of the experiment. The length of the trial was 74 days.
All pigs were weighed and measured every two weeks
throughout the trial period. Water was provided ad
1ibitum via low pressure water nipple drinkers. The
feed formul at ion gi ven to both groups was ident i ca1
except for the source and quantity of manganese. The
control and experimental groups both received 0.45 Kg of
manganese ch1ori de per tonne of feed, but the
experimental group also received 0.20 Kg of manganese
amino acid chelate in each tonne of feed. The diets
were assayed at the beginning, during, and end of the
trial to verify the theoretical calculations.

At the end of the experiment, all pigs were
butchered. Assessment of each carcass was undertaken by
A.F.R.C., Institute of Food Research. Water holding
capacity was determined by taking a core sample from the
Longissimus Dorsi Muscle and using the filter press
method of Grau and Hamm. (17,18) The resul ts were expressed
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expressed as the ratio: Expressed Fluid Area/Muscle
Area. The refl ectance measurements from the Longi ss i mus
Dorsi Muscle and the Adductor Muscle of the hind leg
were done using a fiber optic probe. The pH ultimate
measurements were done from a core sample. Table 5
presents the results.

i Table 5 I
Statistical Comparison of Sample Means Between Control and Manganese
Amino Acid Chelate Treated Pigs

Control Mn Chelate SEM+ SIG

Start weight (kg) 31.97 31.61 0.40 NS
Finish weight (kg) 95.00 94.50 1.10 NS
Daily weight gain (kg/day) 0.852 0.850 0.013 NS
Feed consumed (kg/pig) 173.595 170.909 1.13 NS
Feed conversion 2.754 2.718 0.040 NS
Return/pig 59.88 61.54 1.54 NS

Carcass length (cm) 836 846 6.45 NS
Backfat loin min (mm) 16.06 12.94 1.056 *
Backfat 1oi n max (mm) (P2 ) 17.50 15.12 0.075 **
Backfat mi d-back (mll) 14.61 15.65 1.029 NS
Backfat shoulder max (mm) 33.06 32.53 0.92 NS

Fiber optic probe LD 31.92 32.19 1.70 NS
Fiber optic probe AD 26.23 29.60 1.75 NS
Water holding capacity 1.59 1.62 0.102 NS
PH ultimate 5.44 5.45 0.24 NS

+ SEMS standard error of the mean.
** Significant at P<O.OI.
* Significant at P<0.05.

These studi es demonstrated no sex re1ated response
di fferences to the treatments. There were no
statistically significant differences between the groups
in terms of daily weight gains, feed consumption, or
feed conversion. There were statistically significant
differences, however, in fat deposition in those pigs
receiving the manganese amino acid chelate. These
differences were significant at the 1% level of P2 and
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the 5% level for the loin maximum and the loin minimum,
respectively. The fiber optic probe measurements showed
that the control pigs had lighter colored meat than the
manganese amino acid chelate fed pigs, but the
difference was not significant.

The pigs that were fed the manganese amino acid
chelate as part of their diets had, as in previous
trials, reduced levels of backfat (a 1.6 mm reduction
over the control at P2). This improved carcass quality
coupled with an improved feed conversion rate resulted
in an approximate 15:1 cost effective ratio from the use
of the manganese amino acid chelate. About two-thirds
of th i s was due to improved carcass qua1i ty and the
remaining one-third due to better feed conversion.

On first examination, the physiological or
biochemical mode of action of the manganese amino acid
chel ate is not readi ly apparent. Neverthel ess, by
taking the reduced backfat deposition as the primary
response indicator one can develop three possible
hypotheses:

(A), The manganese ami no ac id che1ate causes a
modified nutrient reapportioning effect in favor of lean
deposition at the expense of lipid deposition. In this
case the limiting factor is the supply of available
manganese to dependent enzyme systems such as those
involved in fatty acid synthesis from tissue lipids.
Inorganic manganese has an inherently low
availability,(lS) being subject to a range of
antagonistic chemical reactions in the gut. Manganese
which has been correctly chelated with amino acids has
a considerably higher availability as seen in Table
6.(14) In this study a single dose of 82 Jjg of 54Mn was
administered as a chloride or as an amino acid chelate.
Fourteen days later, following a metabolic equilibration
time, tissue analysis for 54Mn occurred.
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Table 6

Mean Tissue Distribution of ~Mn from Manganese
Amino Acid Chelate and Manganese Chloride*

MnC1 2 Mn Chelate
Heart 36 107
Liver 52 106
Kidney 80 97
Spleen 190 397
Lung 54 56
Small Intestine 89 141
Muscle 22 28

* Data are expressed as corrected counts per
minute per gram of dry tissue.

(8), Initially the benefits associated with the
amino acid chelation of manganese were thought to be due
entirely to an increase in the uptake of dietary
manganese from the digestive tract as discussed in
hypothes i s (A). More recent1y, however, workers in
France, using ~ manganese amino acid chelates fed to
rats have demonstrated that at least a portion of this
manganese is taken into the hypothalamus and pituitary
gland. It is believed that this in turn may stimulate
the rel ease of thyrotrophi n whi ch then control s the
release of thyroxin by the thyroid gland. A flow sheet
of these relations is shown in Figure 3.(19)
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Fi gure 3. Proposed effect i ve path of 54Mn into
various targeted tissues.
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(C), As an additional factor to the manganese,
there may also be an enhanced metabolic basal rate
resul t i ng from a pept ide induced response. Certa in
peptides are known to exert defined metabolic effects
which are generally under the control of the endocrine
system. Evidence exists to demonstrate that the amino
ac id che1ates are absorbed intact as dipept ide-l i ke
molecules. (16) The observation that growth rates are
reduced in a fixed feed intake system, with increasing
manganese intake well within the normal physiological
range, would tend to support this explanation. If this
were the case, it may be that the manganese within the
chelate is indirectly associated with the response,
acting only as a stabilizing factor within the peptide
molecule. This last hypothesis has still to be
val idated and may eventually be inval idated when one
recalls that the pigs receiving manganese gluconate did
exhibit a response, albeit, not as great as that
obtained from the amino acid chelate. That observation
suggests that the bioavailability of the manganese is a
significant factor.

Even in the absence of a clear explanation for its
effect, manganese amino acid chelate has demonstrated
superior performance in pigs fed 20 ppm of this
manganese as part of their grower or finisher feeds.
The economic benefits include: (1) better feed
conversion, (2) improved lean meat deposition, (3) less
days to slaughter, (4) lower feed costs per pig, and (5)
improved carcass quality.
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Chapter 17

THE EFFECT OF AMINO ACID CHELATES IN
CHICK MORTALITY

David Atherton
Thomson and Joseph Limited

Most nutritionists accept the fact that the
composition of an egg is, to a certain degree, dependant
upon the diet of the hen that laid it. The egg will
contain all of the vitamins necessary for a chick
embryo, but the levels of these vitamins in the egg are
directly related to their levels in the layer feed. The
percentages of fat and protein in the egg are affected
by their percentages and availability in the hen's diet.
The dietary mineral levels can also be related to their
levels in the egg.(1)

Ashmead, et ~., have demonstrated that when the
mineral composition of the egg is modified, it will
affect chick viabil ity and growth rates. (2) In their
study, one hundred and si xty-fi ve fert i 1e eggs were
divided into five groups. A small hole was drilled into
the large end of each egg shell exposing the air sac.
Each hole was immediately sealed with sterile paraffin.
Various mineral compositions were injected through the
sterile paraffin seal into the eggs being careful not to
penetrate the egg membrane. The injections did not
occur for two weeks following the drilling of the holes
in order to confirm the viability of the embryos. The
sterile mineral formulation injected into the eggs is
shown in Table 1.

291
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Table 1

Minerals* Injected Into Eggs (mg)

Calcium .0079
Zinc .014
Manganese .004
Iron .002
Copper .001

*Dissolved in two microliters of sterile deionized
water.

Group 1 received these mineral s as CaC1 2t FeSO. t

CuSO., and MnSO.. Group 2 received these same minerals
as amino acid chelates. Group 3 had the same sources of
minerals as Group 1 except that 59Fe, .5Ca and 54Mn were
used as radiotracers to ascertain the transfer of the
minerals to the chicks after hatching. Group 4 had the
above radioisotopes included as part of the amino acid
chelates. Group 5, the control group, was injected with
sterile deionized water.

Following hatching all chicks in Groups 3 and 4
were sacri fi ced and thei r tissues assayed for
radioisotopes. Table 2 presents the results. The mean
data are presented as corrected counts of radioactive
emissions per minute per mg of tissue. In almost every
instance, more of the mineral was incorporated into the
tissues of the chicks from the amino acid chelate source
than from an inorganic salt.
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Table 2

Radioactive Minerals Transferred to the Tissues of Chicks

Skin & Skeletal
Group Mineral Bone Brain Feathers Liver Heart Muscle

3 45Ca1ci urn 18.9 0 .07 .04 .07 .17
(Inorganic)

4 45Ca1ci urn 140.1 .11 .16 .09 .06 .17
(Chelate)

3 59 1ron 9.2 .74 .38 3.86 .60 .38
(inorganic)

4 59 1ron 18.2 1.34 .34 10.03 1.15 .57
(Chelate)

3 54Manganese 19.8 1.83 .42 6.43 .96 .62
(Inorganic)

4 54Manganese 37.0 3.65 .65 15.12 2.23 .78
(Chelate)

Groups 1, 2 and 5, which did not receive
radioisotope injections in the air sacs, were hatched
and ra i sed to 175 days. The mortal i ty for Group 1
(inorganic) was 12% compared to 8% for the chelate group
(Group 2) and 19% for the control group (Group 5).

The chicks in each group were weighed weekly,
beginning at hatching and continuing for 25 weeks (175
days). At hatching, Group 1 had a mean weight of 45.8
gm per bird. Group 2 (chelate) had a mean weight per
chick of 46.5 gm, a 1.6% increase. The control group,
Group 5, had a mean weight of 43.7 gm per bird.
Clearly, the increased uptake of the amino acid chelates
through the egg shell membrane had a positive influence
on hatch wei ght. Furthermore, the more pronounced
absorption continued to have a positive effect. At the
termination of the experiment, 175 days later, Group 1
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had a mean weight of 1310 gm per bird. Group 2 had a
mean weight of 1394 gm, and the controls' average weight
was 1271 gm each.

The foregoing study was summarized in detail
because it demonstrated the effects of the amino acid
chelates on mortality rates and weight differences when
those chelates are deposited in the eggs. This study
demonstrated that if more of an essential mineral can be
transferred to the embryo before the shell is formed and
the egg is laid, then mortality rates of the hatched
chicks is reduced. Titus has indicated that mineral
transfer to the embryo is an essential requirement for
a reduction in chick mortality.(l) This current study
was designed to address more completely the question of
the transfer of amino acid chelates from the feed of the
breeder hen to the embryo before the egg is laid.

Two Cobb broiler breeder flocks on the same farm,
containing 3,000 hens each, were selected for the
experiment. Both groups had identical housing and
received the same feed, water and management practices.

At 20 weeks of age, the experimental group
received the amino acid chelated mineral formula shown
in Table 3 as a feed supplement for 15 weeks, until they
were 35 weeks in age. The control group did not receive
any additional supplemental minerals. Both groups were
fed a commercial ration which was deemed to contain
adequate mineral nutrition.

I Table 3 I
Amino Acid Chelated Mineral Supplement Fed to
Experimental Group of Breeder Hens

Copper 25 ppm
Zinc 25 ppm
Manganese 12 ppm
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The chicks hatched from each broiler breeder group
were reared separately on the same growing unit in order
to provide a direct comparison of their mortality rates.
The handling and treatment of both groups of chicks were
identical. Both groups received the same starter and
grower feeds. There were no disease problems in either
group.

Table 4 presents a summary of the mortality rates
of the chicks from the two groups. There was
substant i a1 and cons i stent reduct ion in the morta1i ty
rates of the growing chicks hatched from the breeders
that received the amino acid chelate as compared to the
control flock during the period of 27 to 35 weeks of
age. The overall chick mortality from the experimental
group was 7.41% lower than those from the control group
as seen in Figure 1.

I Table 4 I
Chick Mortality Rates

Flock Age Control Experimental % Mortality Diff
(weeks) No. % No. % %

26 10,900 4.57 9,000 5.69 + 1.12
27 10,300 5.90 10,300 5.74 - 0.16
28 33,600 6.20 37,800 4.71 - 1.49
30 38,700 5.52 38,600 4.75 - 0.77
31 24,700 5.54 22,100 4.11 - 1.43
32 10,300 6.53 12,200 4.94 - 1.59
33 15,000 3.52 8,000 3.43 - 0.09
34 10,200 4.74 10,500 5.32 + 0.58
35 28,600 3.64 28,700 3.04 - 0.60

Total/mean % 182,300 / 5.13 177,200 / 4.64 - 0.49
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Figure 1. Growing flock mortality differential
with breeder flock age.

A good correlation was also observed between the
degree of response and the absolute percent of
mortality. These data are summarized in Table 5 and
Figure 2.
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I Table 5 I
Percent of Mortality and Absolute Differences

% Mortality % Difference

Flock Code Control Treated Absolute Comparative

530 9.14 5.62 - 3.52 - 38.5
530 8.35 6.17 - 2.18 - 26.1
531 6.53 4.94 - 1.59 - 24.3
530 6.35 4.27 - 2.08 - 32.8
530 5.90 5.74 - 0.16 - 2.7
531 5.86 4.86 - 1.00 - 17.1
531 5.67 5.09 - 0.58 - 10.2
530 4.79 3.67 - 1.12 - 23.4
531 4.74 5.32 + 0.58 + 12.2
530 4.63 4.27 - 0.36 - 7.8
531 4.57 5.69 + 1.12 + 19.7
531 3.84 3.85 + 0.01 + 0.3
530 3.79 3.41 - 0.38 - 10.0
530 3.52 3.43 - 0.09 - 2.6
530 3.50 2.67 - 0.83 - 23.7
530 3.26 3.67 + 0.41 + 11.2

Total 5.28 4.54 - 0.74 - 11.1
II
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Figure 2. Growing flock mortality differential
compared to the percent of mortality in the control
flock.

Table 6 provides data demonstrating that when
mortal ity rates in chicks are in excess of 5%, the
comparative reductions gained through the inclusion of
the amino acid chelates shown in Table 3 in the feed of
the breeders were quite marked.
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I Table 6 I
Final Mortality Bracket Comparison

%Mortality % Difference
Mortality No. of
Bracket Flock Control Treatment Absolute Comparative

< 6.0 % 4 7.40 5.18 - 2.22 - 30.0
5.0 - 5.9 3 5.81 5.21 - 0.60 - 10.3
4.0 - 4.9 4 4.67 4.77 + 0.10 + 2.1
3.0 - 3.9 5 3.55 3.36 - 0.19 - 5.4

Mean Total 16 5.36 4.63 - 0.73 - 10.9

The results reported in this study tend to support
the thesis that feeding certain amino acid chelates to
broiler breeder hens will result in a reduction in chick
mortality. This presumably occurs because of the
greater absorption and translocation of the amino acid
chelates from the physiological stores of the breeder
hen, but also implies a greater bioavailability of the
ami no ac id che1ates to the hen from her feed in the
first place. This is particularly true during the
stressful period of peak production. These conclusions,
as refl ected in reduced ch i ck morta1i ty, were
particularly noticeable during the lay period of 28 to
32 weeks of age, when the control group mortality was
very high.

Any stressful period results in significant
alternations to body metabolism. Body reserves of
essential nutrients are used up rapidly. When
replacement is inadequate to meet the needs, then
defi ci enc ies occur. (3) In the case of the high produc i ng
breeder hen, not only is her own body harmed as her
mineral stores are depleted, but there are also less
minerals provided to the embryo in the egg. This lower
mineral level then results in higher mortality in the
chicks as demonstrated by Ashmead, et li. (2)
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When the amino acid chelates are provided as a
supplement during this stressful period, their greater
bioavailability allows a greater transfer to the egg.
Thus, the chick enters life with higher hatch weights
and a greater mineral reserve in its own body to
withstand the initial stresses of its existence. The
result is lower mortality rates and healthier birds.
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Chapter 18

THE DYNAMICS OF FEEDING AMINO ACID
CHELATES TO BROILERS

Alberto Bonomi, Afro Quarantelli, Paola Superchi,
Alberto Sabbiono, and Luigina Lucchelli

University of Parma

In the past three decades there have been
tremendous advances in the knowledge of the biochemical
roles of minerals, as testified by the numerous
scientific publications on this subject. While their
numerous roles are outside the scope of this discussion,
it is still important to realize that, together with the
other basic nutrients, minerals control the growth and
development( of )poultry and assist them in utilizing
thei r feed. 11-14

In spite of this influx of knowledge, there is
very little published on how various external factors
i nfl uence the metabol ism of mi cronutri ents. Many of
these factors operate independantly or in synergistic
manners and, consequently, produce variable levels of
utilization of the same elements. This makes it
difficult to determine, with any degree of exactness the
levels of inorganic mineral salts required to insure the
chicken's health and optimum production. Thus, there
has been a search for a form of mineral that approaches
the exact needs of poultry and is less vulnerable to the
external influences that cause bioavailability
variations.

Among those minerals that have come to the
forefront in meeting these needs, are the amino acid
chelates of copper, cobalt, iron, manganese, and zinc.
When compared to equivalent amounts of the same metals
from salts, the utilization of the amino acid chelates
is greater. This is due to the chelation process which

~~~~e~::i ~~~n~a;~ ~~ss:;soomc~::~~~~(115~nfl ~~~~~~eb~fm~~~~~
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greater stability their absorption from the digestive
tract is enhanced.(16-20

In the past, other types of chelates have been
used in poultry nutrition with varying degrees of
success. Thesf ~nclude ethylenediamine tetraacetic acid
(EOTA), diethy1enetriaminepentraacetic acid (OTPA), and
monosodium and disodium derivatives. The EOTA and OTPA
have a similar behavior to the amino acids in that they
will react with various cations to form soluble metal
chel ates. C14J However, they do not guarantee an el evated
rate of mineral absorption because the bonds between the
metal and ligands are much stronger than those of amino
acids in enzymes, tissues, etc., and metals. Thus, the
cells within the bird are frequently unable to remove
the metal from the EOTA or OTPA, and the chelate, al-

;~~~~~s~~~~r~~~a~~r~~i~i~~ ~~~~~~i ~~di ~~~ mttnea~~~~(qlJ5~

In studies with species of animals, other than
poul try, superi or resul ts have been obta i ned through
amino acid chelate supplementation. (25-37} This includes
swi ne, (38) cal ves, (39) hei fers, (40) rabbi ts, (41) turkeys, [42)
and laying hens.(43) In the case of the turkeys, when
the amino acid chelates were included in the feed at
1000 ppm (100 ppm of metal) (the amino acid chelates
contain 10% metal) growth rates were improved 6.93%,
feed conversion improved 5.94%, and the killing
percentage )increased 2.61% with an improved meat yield
of 5.69%.(42 When provided in the same dosage levels as
the turkeys, the ami no ac id che1ates increased the
laying of eggs in chickens by 5.8% with a 4.9% improve
ment in feed convers ion. (431 In that same study wi th
layers, it was noted that the birds grew to maturity 7%
faster than the controls that received metal salts.

As a result of these studies it was decided to
investigate the value of the amino acid chelates in
broilers. A chelate formula similar to that given to
the turkeys and layers was selected. The metal portion
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contained 9% Fe, 2.15% Cu, 3% Zn, 1.2% Mn, and 0.08% Co,
with the remainder being the ligand. The composition
of the amino acid chelate is shown in Table 1.

I Table 1 I
Chemical Analysis of the Amino Acid Chelate Formula

Moisture 6.96 %
Ash 31.18 %
Crude protein 25.26 %
Crude fat 0.91 %
Crude fiber 2.32 %
Undigestible matter 33.37 %

The ami no ac id compos it i on of the ami no ac id
chelate formulation is shown in Table 2. T44 ,45,51)



The Dynamics of Feeding Amino Acid Chelates to Broilers 305

Table 2

Amino Acid Composition of Amino Acid Chelate Formula

Tryptophan 0.485 %
Lysine 5.584 %
Histidine 1.885 %
Arginine 3.804 %
Aspartic acid 8.227 %
Threonine 3.318 %
Serine 3.248 %
Glutamic acid 26.839 %
Proline 4.254 %
Glycine 6.921 %
Alanine 9.105 %
Cystine 0.311 %
Valine 5.911 %
Methionine 1.077 %
Isoleucine 4.813 %
Leucine 7.850 %
Tyrosine 2.609 %
Phenalaline 3.678 %

A1though the guaranteed anal ys i s of the metal
content of the amino acid chelates was given above, it
should be remembered that the source of the amino acids
was from a vegetable protein which itself has a certain
metal composition. Thus a mineral analysis of the
che1ate was conducted by atomi c absorpt ion
spectrophotometry, wi th the except i on of pho~Rhorus,

which was determined by colormetric technique. 6) The
results are shown in Table 3.
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I Table 3 I
Total Metal Contents of Amino Acid Chelate Formula

as Determined by Chemical Analysis

(per 100 g of amino acid chelate)

Calcium 0.47 9
Phosphorus 0.36 9
Magnesium 0.17 9
Potassium 0.97 9
Sodium 0.95 9
Copper 1,581.76 mg
Cobalt 100.00 mg
Iron 7,067.25 mg
Zinc 2,195.39 mg
Manganese 1,103.46 mg
Iodine 150.00 mg

The experimental design involved taking 4,000 one
day old male chicks and dividing them into four groups
of 1, 000 each. Group 1 was the control group and
received no amino acid chelates. Group 2 received the
chelate formula at the inclusion rate of 500 ppm (50 ppm
metal) of the total feed. Group 3 received these same
amino acid chelates at 1000 ppm (100 ppm metal) of the
total feed, while group 4 received them at 1500 ppm (150
ppm metal) of the total feed.

The study lasted for 60 days and was broken into
two periods: day 1 to day 30 for the first period and
day 31 to day 60 for the second. Duri ng the fi rst
thirty days, all of the chicks were fed the same feed
with the exception of the amounts of amino acid
chelates. During the next thirty days, they were fed
the same grower feed, except, again for various
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inclusions of the amino acid chelates. These two feed
formulas can be seen in Table 4. The basic vitamin and
mineral package, which was added to all of the feeds, is
shown in Table 5.

Table 4

Chick Starter and Grower Feed Formulas (Kg/IOO Kg Feed)

Soybean meal
Peanut meal
Sunflower flour (45% protein)
Meat meal
Peach flour
*Fat
Dyshidrosis cure
Corn meal
Corn gluten
Vitamin/mineral pack (Table 5)
Calcium carbonate
Dicalcium phosphate
Sodium chloride

Starter
Feed

13
6
5
4
4
2
2

60
2
0.5
0.6
0.5
0.5

Grower
Feed

9
4
3
5
I
2
2

70
2
0.5
0.6
0.5
0.4

*The fat was composed of equal parts of lard, bovine suet, palm oil, and
coconut oil.
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Table 5

Vitamin and Mineral Package (per Kg)

Vitamin A
Vi tami n D3

Vi tami n 81

Vi tami n 82

Vi tami n B6

Vi tami n 812

Peroxidoxine
Pantothenic acid
Choline chloride
DL methionine
Manganese
Iron
Zinc
Copper
Iodine
Cobalt
QS with soybean meal to

2,500,000 IU
400,000 IU

200 mg
1,000 mg

200 mg
3 mg

4.500 mg
1,000 mg

100,000 mg
50,000 mg
20,000 mg
5,000 mg
5,000 mg

200 mg
100 mg

50 mg
1 kg

The compositions of the two feeds are shown in
Table 6.

Table 6

Chemical Analysis of the Chick Starter and Grower
Feeds

Moisture. %
Ash. %
Crude protein, %
Crude fat. %
Crude fiber. %
Indigestible material. %

Starter Feed

11.56
5.15

23.13
4.97
3.24

51.95

Grower Feed

12.11
4.61

20.09
5.38
3.07

55.04

All of the chicks were weighed at 30 days before
being fed the grower feed and again at 60 days at the
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conclusion of the study. Data on feed consumption were
also recorded. At sacrifice, representative carcasses
were evaluated and the killing percentage recorded. All
of the data obtained ~ere ~tatistically evaluated by an
analysis of variance. 47-50

Table 7 shows the growth of the four groups of
birds, their feed conversions for the sixty days, and
their mortal ity rates for both the thirty-day period
and for the total of sixty days.

I Table 7 I
Growth Rates, Mortality Rates and Feed Conversions In Supplemented Chicks

30 Days 60 Days 60 Day
Feed

Group Mean Live Weight Mortality Mean Live Weight Mortality Conversion
(grams)

1 1,192.621: 69.34 18/982 (1.8%) 2,771.131: 102.36 27/973 (2.3%) 2.48

2 1,205.711: 52.63 23/977 (2.3%) 2,793.191:121.19 30/970 (3.0%) 2.45

3 1,263.271: 73.29 10/990 (1.0%) 2,960.371: 113.46 20/980 (2.0%) 2.33

4 1,271.441: 59.30 15/985 (1.5%) 2,972.12 1: 129.67 22/978 (2.2%) 2.32

LS.D. 31.50 46.24
(P<0.05

At thirty days, there were statistically
significant difference (P<0.05) in the growth rates
between group 4 and group 1. Each bird in group 4 had
a mean weight of 6.61% more than group 1. Group 2 and
group 3 birds had mean weight increases of 1.10% and
5.92%, respectively over group 1, but neither of these
increases was statistically significant.

At sixty days, the differences between the four
groups were even greater. Group 4 bi rds were 7.25%
heavier than group 1. This was also significant at the
P<0.05 level. Groups 2 and 3 had total mean weight
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increases of .8% and 6.83%, greater, respectively, than
group 1 birds. Group 3 weight gains were statistically
significant (P<O.05) compared to the gains of group 1.

As Table 7 summarizes, there were also differences
inch ick mortal i ty . Even though groups 3 and 4 had
18.52% and 25.93% lower mortality rates than group 1
birds, the decreases were not statistically significant.
The differences were economically significant, however.

Finally, from the data in Table 7, it is obvious
that the inclusion of the amino acid chelates in the
feed had a positive effect on feed conversions. It took
6.45% less feed per Kg of growth in group 4 compared to
group 1. Group 3 consumed 6.05% 1ess feed per Kg of
growth compared to group 1.

At sixty days, all of the birds were weighed
(Table 7). Fifty chickens from each group were randomly
selected, fasted for twelve hours, and then sacrificed.
The carcasses were examined and the percentage of meat,
fat, bone, skin and subcutaneous flesh, head and neck,
claws, gizzard, homogenized liver, spleen, heart,
testicles, and lungs, feathers, and homogenized
intestines and pancreas were measured. The results of
this examination are shown in Table 8 and include an
analyses of variances.
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I Table 8 I
Carcass Weight as a Percentage of Uve Weight

Uver
Spleen Intes-

Head Heart tine &
Car- & Giz- Testicles Fea- Pan-
cass Meat Fat Bone Skin Neck Claws zard Lungs thers creas

% % % % % % % % % % % % % % %
p.v. car- p.v.- car- p.v. car- p.v. car- p.v. p.v. p.v. p.v. p.v. p.v. p.v.

Group cass cass cass cass

67.10 54.80 36.77 3.79 2.54 32.28 21.66 9.13 6.13 7.21 5.32 2.88 3.71 7.52 2.88
1 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

1.13 0.80 0.59 0.29 0.20 0.81 0.61 0.60 0.32 0.43 0.29 0.16 0.25 0.71 0.27

67.30 54.92 36.93 3.46 2.33 32.70 22.01 8.92 6.20 7.00 2.18 2.94 3.49 7.31 2.70
2 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

1.26 0.72 0.63 0.22 0.15 0.67 0.54 0.71 0.40 0.52 0.38 0.24 0.33 0.66 0.22

68.28 54.98 37.54 2.64 1.80 33.00 22.53 9.38 6.40 6.59 5.10 2.67 3.50 7.42 2.58
3 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

1.03 0.91 0.70 0.34 0.25 0.72 0.48 0.48 0.29 0.63 0.41 0.18 0.20 0.58 0.30

69.09 56.29 39.62 2.27 1.57 32.80 22.66 8.64 5.97 6.44 4.87 2.43 3.67 6.83 2.44
4 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

1.18 0.86 0.52 0.36 0.17 0.79 0.63 0.59 0.51 0.44 0.33 0.19 0.28 0.60 0.32

L.S.D. 0.98 1.07 1.10 0.65 0.44 --- --- --- --- --- --- --- --- --- ---

(P<0.05)

*p. v. = analysis of variance

As can be seen from Table 8, the warm killing
percentage without the heads, necks, claws and internal
organs varied from 67.10% for the controls (group 1), to
68.28% for group 3, and 69.09% for group 4. These are
1.76% and 3.10% increases, respectively. These
increases were not statistically significant, however.

There were also differences in the amount of meat
on the carcasses in the four groups. Group 4 had 2.72%
more fl esh than group 1, and group 3 had .18% more.
When compared to the carcass percentages, it is obvious
that the amino acid chelates not only contributed to an
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increase in the meat, but also in the bones to support
that increased weight.

The percentages of fat in groups 3 and 4 are
dec idedl y lower than in group 1. These decreases of
29.13% and 38.19% are both statistically significant at
P < 0.05. There were no other statistical variations in
the other tissues and organs measured and reported in
Table 8. The general health of the four groups of
broilers was good during the trial period. This is
reflected, to a degree, by the mortality rates reported
in Table 7.

From these data it is reasonable to conclude that
when the amino acid chelates of copper, iron, zinc,
manganese, and cobalt are included at the rates of 1000
ppm (100 ppm metal) or 1500 ppm (150 ppm metal) in the
diets of broilers during the growing period, there is a
positive effect on growth. This increase is between 6%
and 7%. There is also an increase in marketable meat
(approximately 8%) containing significantly less fat.
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Chapter 19

GROWTH RATES AND FEED CONVERSION IN
BROILER CHICKS FED AMINO ACID CHELATES

Louis Cuitun and Eduardo Guillen
Productos Quimico Agropecuarios, S.A.

The patterns of growth rates in poultry have been
well documented. There is a nonlinear relationship
between weight gains and the age of the bird. The
growth rate follows a sigmoidal curve and includes three
phases of post hatch growth: (1) a period of relatively
slow weight increase, (2) a period of rapid growth, and
(3) a second period of slow ~rowth which occurs after
the time of sexual maturity. ) These average growth
rates are summarized in Table 1.(2)

I Table 1 I
Whole Body Weights and Rates of Gain

Body Weight (gm) Daily Rate of Gain (gm/day)
Cockere1

Age Mean S.E. Mean S.E.

Day 1 36.4 :t 1.41 --- ---
Week 1 51.2 ± 1.00 2.46 :to.39
Week 2 108.6 :t 1.41 8.21 :to. 071
Week 3 191.9 ± 1.73 11.9 :to. 16
Week 4 229.2 + 6.16 5.32 :t1 . 14
Week 5 335.9 :t 23.7 15.3 :t1 .94
Week 6 434.9 :t 47.3 14.2 ±1.05
Week 7 540.2 ± 32.5 15.0 ±3.59
Week 8 699.9 ± 2.62 22.8 ±0.26
Week 10 911.7 ± 4.52 15.1 ±0.89
Week 12 1143.3 0 16.5 ±0.29
Week 14 1256.3 ± 5.00 8.07 ±0.35
Week 16 1451.9 ± 40.8 14.0 :t2. 55
Week 18 1647.5 ± 2.73 14.0 ±2.70
Week 20 1773.5 :t 34.4 8.98 :t2. 63
Week 22 1759.8 ±138.3 -9.50 -0. 97:t9 . 7
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Excluding disease and husbandry, there are three
basic factors that will influence growth rates: diet,
envi ronmental temperatures, and hormones. The 1atter
two are outside the scope of this discussion. Suffice
it to say that the growth and sexual deve1opment of
birds are under hormonal control, and that environmental
temperatures can affect both the growth of the thyroid,
as well as chick survival.

Studies conducted in several parts of the world
with varying environmental temperatures, in which amino
acid chelates have been included in the diets of growing
animals and birds, have indicated a superior growth rate
when compared to non-chelated metal salts. Such studies
have been conducted at both private institutions and at
the experimental stations of several universities. Some
studies have concentrated on a single mineral nutrient,
such as zinc, and measured its effect on growth rates. (3)

Other stud ies have looked at the effects of several
mi nera1s on growth rates. (4)

This current study was initiated for the purpose
of comparing the effect of several amino acid chelates
on growth rates and other parameters of economic
importance in broiler production. Since there is a
difference ingrowth rates of bi rds ra i sed on floor
housing compared to those raised on five level
batteries, both methods were compared in this study.
Both males and females (50:50) were used in each trial
because of potential growth rate differences based on
the sex of the bi rd. Furthermore, because economi cs
were a factor, the study looked at the effects of diets
in which the source of its minerals was 100%, 40%, 20%
or no amino acid chelates with the balances being
obtained from mineral salts. The experimental design
can be seen in Table 2.
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I Table 2 I
Experimental Design to Measure Growth Rates with Mineral Supplementation

Treat Given Name Description No. Birds/Rep. No. Repli- No.Birds/
-ment cations Treatment

1 Chelate 100% amino 50 (floor) 3 150
acid chelates 10 (battery) 3 30

2 Inorganic 100% inorganic 50 (floor) 3 150
trace elements 10 (battery) 3 30

3 80/20 80% inorganic 50 (floor) 3 150
trace elements/ 10 (battery) 3 30
20% amino acid
chelates

4 60/40 60% inorganic 50 (floor) 3 150
trace elements/ 10 (battery) 3 30
40% amino acid
chelates

The trace elements included in this study and
their levels per treatment are shown in Table 3. All of
the levels are expressed as ppm of metal in the feed.
In each case, the iodine was provided as KI, since
iodine cannot be chelated.

I Table 3 I
Mineral Treatments (mg/kg feed)

__1_ __2_ _3_ _4_

Amino Acid Chelate Inorganic 80/20 60/40

Manganese 35 50 40/4 30/8
Copper 3 5 4/0.4 3/0.8
Iodine 0.10 0.15 0.12/0.01 0.09/0.02
Iron 33 50 40/4 30/8
Cobalt -- 0.05 0.04/- 0.03/-
Zinc 30 50 40/4 30/8
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Two feed rations were provided to the chicks as
seen in Table 4. The first, a starter feed, was given
from day 1 to day 35. The finisher feed was provided
from day 36 to day 56, at which time the study
concluded. The levels of minerals indicated in Table 3
were maintained regardless of the feed formulation being
fed and were added after the feed had been manufactured.

Table 4

Starter and Finisher Feed Formulations

Milo
Rock phosphate
Alfalfa, 22%
Sesame, 43%

Cottonseed meal, 43%
Fish meal, 65%
Brewer's dry yeast
Soybean meal, 47%

Meat and bone meal, 49%
Cromofi lora.;)
Vi tami n mi xb

Monocalcium phosphate

Sodium chloride
dl-Methionine
Choline chloride, 25%
Lysine-HCl

TOTAL

Starter
1-35 days

635
20
10
18.33

50
30
10

193.33

20
1.5
5
3

2.6
1.364
0.300

1000.427 Kg

Finisher
36-56 days

713.33
15
10
15

50
30

148.33

4.33
5
3

2.6
1.362
0.456
1.145

999.556 Kg

.;)A commercial source of natural xanthophylls.

bThe calculated analysis per dose of 5 kg is as follows: Vitamin A,
8,000,000 IU; vitamin 03 , 3,000,000 IU; vitamin E, 5,000 IU; vitamin K,
2.2 gm; vitamin B12 , 15 mg; vitamin"B2 , 5 gm; pantothenic acid, 6.75 gm;
niacin, 25 gm; choline chloride-25%, 300 gm; Coxistac (coccidiostat),
500 gm; ETQ-10%, 500 gm; Cromofil oro (pigmenting agent), 1,500 gm; and
carrier to 5,000 gm.
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The analyses of the feed formulations in Table 4
are provided in the following table.

I Table 5 I
Starter and Finisher Feed Analyses

Nutrient Starter Feed Finisher Feed

Crude protein, % 21 18
Ether extract, % 1.9 1.84
Crude fiber% 4.2 4.3
Calcium, % 1.1 0.73
Total phosphorus, % 0.73 0.57
Available phosphorus, % 0.48 0.34
Metabolizable energy, Mcal 2819 2891
Choline, mg/kg 1450 1350
Xanthophylls, mg/kg 20 54
Arginine, % 1.39 1.16
Lysine, % 1.06 0.95
Methionine, % 0.45 0.40
Methionine plus cysteine, % 0.76 0.69
Tryptophan, % 0.23 0.20

The above feeds were provided free choice to the
birds. They also had water provided free choice.

Except for bei ng caged in ei ther the battery
1eve1s or on-floor hous i ng, the management pract ices for
all of the birds were the same. Veterinary practices,
including vaccinations, etc., were also the same for all
of the chicks.

The fi ve 1evel battery tri a1 produced greater
weight gains than the floor trial. Because the results
were different, they are reported separately below. The
average weekly body weights for the two trials are seen
in Tables 6 and 7.
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I Table 6 I
Weight Gains for Battery Trial

Treatment Number*

Week 1 2 3 4

1 102 102 106 104
2 283 261 278 278
3 404 379 405 396
4 643 599 622 627
5 917 780 816 924
6 1216 817 836 1180
7 1545 958 988 1532
8 1837 1062 1090 1911

Increase
5-8 weeks 920 282 274 987

*1, 100% Amino acid chelate (AAC); 2, Inorganic (I); 3, 80/20 (1/AAC) ;
4, 60/40 (I/AAC).

I Table 7 I
Weight Gains for Floor Trials

Treatment Number*

Week 1 2 3 4

1 100 98 102 103
2 232 209 224 222
3 389 376 390 401
4 602 607 612 599
5 821 801 790 798
6 1033 787 (-14) 762 (-28) 1057
7 1208 881 889 1228
8 1481 966 1033 1492

Increase
5-8 weeks 660 165 243 694

*1, 100% Amino acid chelate (AAe); 2, 100% Inorganic (I); 3, 80/20
(I/AAC); 4, 60/40 (I/AAC).
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For the fi rst fi ve weeks of 1i fe there is an
apparent normal growth curve for the battery and floor
housing groups, with the battery housing group growing
more rapidly than the floor housing. It should be noted
that in both cases these chicks grew more rapidly than
the published growth rates in Table 1. There are data
that suggest that the amount of space per bird in floor
housing will influence growth rates.(S) No analysis of
this type was conducted in this current study other than
to note the differences in growth rates.

At six weeks of age, when the starter feed was
replaced by the finishing feed, there was a significant
change in the growth rates of all of the groups. Again,
the growth rates were greater than the published data in
Table 1.

During the six to eight week period, the
differences in the groups which received the amino acid
chel ates became more apparent. In both the battery
trials and floor trials, the chicks receiving 100% amino
acid chelate grew much faster than those birds receiving
100% inorganic minerals. In both cases, the increase
resulting from the chelates was approximately triple the
increases from the inorganic source of minerals (920 gm
versus 282 gm and 660 gm versus 165 gm - treatment
versus control).

Furthermore the total 8 week gain, as well as the
one week to five week gains, were greater for the amino
ac id che1ate groups. From these data alone, it i s
obvious that inclusion of the amino acid chelates in the
diet enhances growth rates.

The above observat ions were al so confi rmed by
examining Groups 4 and 3 in that order. As the levels
of amino acid chelates decreased in the diet (40% ~ 20%)
the growth rates decl i ned. It is obvi ous from these
data that the greater bioavailability of the minerals in
the amino acid chelate group influenced growth rates.
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Based on the data in Tables 6 and 7, it would appear
that when the amino acid chelates are added to the feed
ration at 60%, or more, of the trace mineral package, up
to a undetermined level of less than 100%, there is a
marked improvement in the growth rates of the chicks.
An amount lower than 60%, perhaps 50%, may also provide
most of the nutritonal requiremetns for the ballistic
growth rates observed.

The average weekly cumulative feed consumptions
per bi rd are shown in Tab1es 8 and 9. The data are
shown for the battery trial as well as the floor trial.

I Table 8 I
Average Per Bird Cumulative Feed Consumption for Battery Trial (grams)

Treatment Number*

Week 1 2 3 4

1 82 78 87 86
2 307 322 297 304
3 748 769 748 773
4 1248 1288 1233 1289
5 1748 1370 1523 1687
6 2533 1670 1889 2482
7 3307 1995 2348 3287
8 4085 2320 2755 3978

Increase
5-8 weeks 2337 950 1232 2291

*1, 100% Amino acid chelate (AAC); 2, 100% Inorganic (I); 3, 80/20
(I/AAC); 4, 60/40 (I/AAC).
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I Table 9 I
Average Per Bird Cumulative Feed Consumption for Floor Trial (grams)

Treatment Number*

Week 1 2 3 4

1 107 101 110 102
2 346 323 345 334
3 709 657 702 671
4 1195 1032 1075 1064
5 1443 1348 1431 1339
6 1946 1602 1696 1763
7 2483 1798 1966 2244
8 3094 1978 2282 2812

Increase
5-8 weeks 1651 630 851 1473

*1, 100% Amino acid chelate (AAC); 2, 100% Inorganic (I); 3, 80/20
(I/AAC); 4, 60/40 (I/AAC).

Although feed consumption was normal for both the
battery and floor tri a1s, 1ess feed was consumed per
bird in the floor trial than in the battery. That is
understandable since the growth of the battery group was
greater and it more feed per bi rd was requ i red to
support greater growth. The feed conversions ratios are
shown in Table 10.
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I Table 10 I
Feed Conversions

Treatment Number*

1 2 3 4

Battery
Total weight (g) 1837 1062 1090 1911
Total feed (g) 4085 2320 2755 3978
Feed conversion 2.22 2.18 2.53 2.08

Floor
Total weight (g) 1481 966 1033 1492
Total feed (g) 3094 1978 2282 2812
Feed conversion 2.09 2.05 2.21 2.88

*1, 100% Amino acid chelate (AAC); 2, Inorganic (I); 3, 80/20 (I/AAC);
4, 60/40 (I/AAC).

Feed conversion was better in the floor trial.
The feed conversions were slightly better for the total
inorganic mineral when compared to the total amino acid
chelate, but the differences were not statistically
significant. The major difference in feed conversion
was in group 4 (60/40). This was statistically
significant (P < 0.05). Since the only variable among
the treatments was the sources of the trace minerals, it
would appear that when the inorganic trace minerals are
replaced totally, or up to 60%, by the amino acid
chelates, the chelates tend to overcome whatever
shortcomings were or could be present with inorganic
minerals in the feed rations.

By comparing feed conversion data in Table 10 to
the publ i shed data in Fi gure 1(6), it is easy to see the
superior feed conversion resulting from the chelates.
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Figure 1. The relation of age to feed conversion.

Although this investigation did not examine the
reasons for the improved feed conversion, Malleto, et
li., (7) have presented data developed at the University
of Turin that demonstrate that the amino acid chelates
significantly enhance protein synthesis in the body from
dietary protein and also make more efficient use of the
di etary carbohydrates and protei ns in the feedstuffs
through greater enzymatic activity within the lumen.
Schutte has reported that many of these enzymes are
mineral dependant,(8) making the greater bioavailability
of the minerals in the amino acid chelated form more
available to activate those enzymes. Since mineral
nutrition also plays a direct role in somatic growth,
the greater availability of the amino acid chelates may
contribute directly to enhanced growth rates.



Growth Rates and Feed Conversion in Broiler Chicks Fed 329
Amino Acid Chelates

References

1. Patrick, H. and Schaible, P., Poultry: Feeds and
Nutrition (Westport: AVI Publishing co.) 55,
1980.

2. Ibid, 60.

3. Ashmead, H., "Growth regulating effect of zinc
proteinate [amino acid chelate] on chicks," Proc.
49 of Am. Assoc. Advancement of Sci. Annual
Meeting, Logan, Utah, 1968.

4. Bonomi, A., et li., "I complessi oligodinamie:
Chelati nell' alimenazione dei broilers," Rivista
di Avicoltura, 9:35, Sept. 1983.

5. Ewing, W. R., Poultry Nutrition (Pasadena: The
Ray Ewing Company) 133, 1963.

6. Patrick and Schaible, op. cit., 426.

7. Malleto, S., et li., "Studies on the nourishing
action of the amino acid chelates," Unpublished,
1983.

8. Schutte, K., The Biology of the Trace Element
(Philadelphia: J. B. Lippincott Co.) 17, 1964.



Chapter 20

THE USE OF AMINO ACID CHELATES IN
GROWING TURKEYS

Alberto Bonomi, Afro Quarantelli,
Paola Superchi, Alberto Sabbiono, and Danielle 801si

University of Parma

Adetailed discussion concerning the importance of
minerals to turkey nutrition is not necessary. It is
well established that certain minerals are required to
participate in the vital processes that allow the birds
to make efficient use of their feeds and maintain good
health.

In spite of this general knowledge, there is still
much to be learned. More precise information is
required concerning the optimum balance of energy,
protein (amino acids), vitamins, minerals, antibiotics,
enzymes and hormones. More information is needed on the
digestibility of feedstuffs.(1) Furthermore, there are
still many unknowns concerning the absorption and
metabolism of trace elements introduced into the turkey
feeds.

As a frequent result of this lack of knowledge,
certain mineral formulations or different sources of
trace elements will cause declines in turkey production.
Thus, many studies in the past few years have
concentrated on trying to determine the proper mineral
levels and integrate them into the feed sufficient to
cover the biological needs of the turkey and enhance its
production.

Tabl e 1 demonstrates the extent of many
nutritionists' knowledge of the mineral requirements in
turkeys.(2) In conjunction with this table, it has been
reported that "no good evidence is available concerning
the requirements of turkeys for the trace minerals.

330
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Therefore it might be wise to add small amounts of these
to practical rations, since experience has shown that
this will do no harm. Research at Cornell and Texas A
& M has demonstrated that chicks and poults require a
mineral (or minerals) not listed in Table 1. This
unidentified nutrient is required both for growth and
for proper bone formation. It is known to be mineral in
nature, because it is present in the ash of such
materials as distillers, dried solubles, fish solubles,
and dri ed whey." (2)

I Table 1 I
The Mineral Requirements of Turkeys (Per Kg of Diet)

A~proximate Amount Required

0-12 12-20 20-26
Minerals Weeks Weeks Weeks Breeders

Calcium % 1.8-2.0 1.5-1.7 1.0-1.2 2.5
Phosphorus, total, % 0.9-1.2 0.7-0.8 0.6-0.7 0.8
Phosphorus, inorganic, % 0.65-0.75 0.5-0.6 0.4-0.5 0.6
Salt, % 0.5 0.5 0.5 0.5
Manganese, mg 55 55 33 33
Potassium* ? ? ? ?
Iodine* ? ? ? ?
Magnesium* ? ? ? ?
Iron* ? ? ? ?
Copper* ? ? ? ?
Zinc* ? ? ? ?
Molybdenum ? ? ? ?

*"These minerals are undoubtedly required. There is no evidence,
however, that good rations require special supplementation with any of
them, except possibly with iodine, iron and/or copper in certain areas
where the soi 1 is defi ci ent in one or more of these el ements. "(2)

Not only is there a need to establish the
essential nature of certain trace elements for the
growing turkey, but also, to enhance their absorption.
It is specul ated that perhaps some of the confus ion
arising out of the data in Table 1 relates to the
bioavailability of the sources of minerals studied. If
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they were more biologically available, as has been
reported with the amino acid chel ates, (3) the metabol ic
response in growing turkeys might be more dramatic.

To illustrate this, a study involving over 12,000
rna1e turkeys was recent1y comp1eted. (11) The poul ts were
placed into two houses. One house, containing 6,696
birds, was designated as the control group, and the
other house, which held 6,697 birds, was the treatment
group. The experiment commenced at one day of life and
continued for 115 days. Both groups received the same
free choice feed, water, and had the same disease
control program.

The poults were given a starter feed until they
reached the 49th day of age (7 weeks). At this point,
their feed was changed to a grower feed. In addition to
the feeds described above, the treated group also
received the mineral supplement shown in Table 2 for
seven days. It was mixed in the feed at the rate of 500
ppm.

I Table 2 I
Mi nera1 Supplement Given to Growing Turkeys

Magnes i urn" 20 %
Potass i umb 12 %
Carrier 68 %

.. Metal supplied as an amino acid chelate.
b Metal supplied as an amino acid complex.

At the end of seven days the chelate was removed
from the treated group's diet, and the treated group
subsequently received the same feed as the control group
for the remainder of the experiment. At 115 days of age
(16.4 weeks) both groups were marketed. During the
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experiment, data on weight gains, feed conversions,
mortality, etc. were recorded, which are summarized in
Table 3.

I Table 3 I
Effects of Amino Acid Chelates on Growing Turkeys

Control Treated

7 weeks 16.4 weeks 7 weeks 16.4 weeks

Condemnation --- 10.62 % 1.7 % 3.95 %
Mortality 1.9 % 12.69 % --- 5.02 %
Weight 20.07 lbs 22.84 lbs
Feed conversion 2.79 2.50

These data demonstrated that with only seven days
of supplementation of two minerals, one of which (K) is
not considered essential in turkeys according to Table
1, total mortality was reduced 60.4% with a 13.8%
increase in weight and 10.4% improved feed conversion.
The return to the turkey farmer was increased 14.3% per
bird. Based on the findings of the above experiment,
there was justification to further investigate the
effects of other amino acid chelates on growing turkeys.

The following study was conducted using 1,600 male
turkey poults that were all one-day old. The breed was
Nicholas Cuddy. The poults were divided into eight
groups of 200 birds each.

The feeding program was divided into three
peri ods, the fi rst of wh i ch was from day one to day
fifty. The second period went from the 51st day to the
100th day, and the third period commenced on day 101 and
continued until the 150th day.

Groups 1, 3, 5, and 7, of the eight groups of
turkeys, were considered control groups. Groups 2, 4,
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6 and 8 were the treated groups and received the amino
acid chelates at the rate of 1000 ppm of the total feed
(100 ppm of metal). (The amino acid chelates used in
this study contained 10% metals.) Excluding the amino
acid chelates, the feed formulation for groups 1 and 2
;s shown in Table 4. The vitamin and mineral supplement
used in the feed formula is shown in Table 5.

I Table 4 I
Group 1 and 2 Diets (Kg/100 Kg)

Period 1 Period 2 Period 3

Soy flour (50% protein) 13 10 7
Sunflower flour (45% protein) 9 7 5
Meat scraps 8 6 4
Fish scraps 8 6 4
Antibiotic supplement 3 3 3
Corn flour 40 50 60
Ground wheat 11 10 9
Dried yeast 1 1 1
Corn gluten 2 2 2
Calcium carbonate 1 1 1
Dicalcium phosphate 1 1 1
Sa1t (NaCl) 0.5 0.5 0.5
Vitamin and mineral supplement 0.5 0.5 0.5
Fat 2 2 2
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I Table 5 I
Vitamin and Mineral Supplement (Per Kg)

Vitamin i\ 3,000,000 IU
Vitamin D 400,000 IU
Vitamin B1 500 mg
Vitamin B2 2,000 mg
Vi tami n B6 700 mg
Vitamin 812 6 mg
Pyridoxine 7,000 mg
Pantothenic acid 4,000 mg
Folic acid 500 mg
Choline chloride 100,000 mg
dl-Methionine 50,000 mg
Zinc bacitracin 4,000 mg
Manganese 25,000 mg
Cobalt 200 mg
Copper 500 mg
Zinc 10,000 mg
Iron 5,000 mg
Iodine 300 mg

Groups 3 and 4 received the same feed, except that
Group 4 also received amino acid chelates. Their feeds
for the three feeding periods, excluding the amino acid
chelates are shown in Table 6. The vitamin formulation
was the same as in Table 5. The amino acid chelates
formulation is again as shown in Table 7.
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I Table 6 I
Group 3 and 4 Diets (Kg/100 Kg)

Period 1 Period 2 Period 3

Soy flour (50% protein) 14.3 10.7 7.3
Sunflower flour (45% protein) 9.2 7.1 5.1
Meat scraps 7.6 5.8 3.9
Fish scraps 7.6 5.8 3.9
Antibiotic supplement 3 3 3
Corn flour 40 50 60
Ground wheat 10.4 9.6 8.7
Dried yeast 1 1 1
Corn gluten 2 2 2
Calcium carbonate 1.03 1.02 1.03
Dicalcium phosphate 1.05 1.03 1.03
Salt (NaCl) 0.5 0.5 0.5
Vitamin and mineral supplement 0.5 0.5 0.5
Fat 2.14 2.1 2.01
Amino acid chelate supplement .1 .1 .1

I Table 7 I
Amino Acid Chelate Supplement (g/Kg)

Iron 9.00
Copper 2.15
Zinc 3.00
Manganese 1.20
Cobalt 0.08

Excluding the amino acid chelates in group 6, the
feed formulas for groups 5 and 6 are shown in Table 8.
The vitamin and mineral supplements are the same as in
Table 5, and the amino acid chelate formula given to
group 6 is the same as shown in Table 7.
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I Table 8 I
Group 5 and 6 Treatment Diet (Kg/100 Kg)

Period 1 Period 2 Period 3

Soy flour (50% protein) 14.8 11 7.4
Sunflower flour (45% protein) 9.4 7.3 5.2
Meat scraps 7.1 5.7 3.8
Fish scraps 7.1 5.7 3.8
Antibiotic supplement 3 3 3
Corn flour 40 50 60
Ground wheat 10.1 9.3 8.6
Dried yeast 1 1 1
Corn gluten 2 2 2
Calcium carbonate 1.6 1.5 1.7
Dicalcium phosphate 1.8 1.6 1.5
Salt (NaC1) 0.5 0.5 0.5
Vitamin and mineral supplement 0.5 0.5 0.5
Fat 2.2 2.02 2.1
Amino acid chelate supplement 0.1 0.1 0.1

Except for the inclusion of the amino acid chelate
in group 8, the diets of groups 7 and 8 are shown in
Table 9. As with the other groups, the vitamin and
mineral supplement is as shown in Table 5, and the amino
acid chelate formula given to group 8 is as shown in
Table 7.
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i Table 9 I
Group 7 and 8 Treatment Diet (Kg/lOO Kg)

Period 1 Period 2 Period 3

Soy flour (50% protein) 15.3 11.3 7.4
Sunflower flour (45% protein) 9.5 7.4 5.3
Meat scraps 7.6 5.6 3.8
Fish scraps 7.6 5.6 3.8
Antibiotic supplement 3 3 3
Corn flour 40 50 60
Ground wheat 9.8 9.1 8.5
Dried yeast 1 1 1
Corn gluten 2 2 2
Calcium carbonate 1.01 1.01 1.01
Dicalcium phosphate 1.01 1.01 1.01
Salt (NaC1) 0.5 0.5 0.5
Vitamin and mineral supplement 0.5 0.5 0.5
Fat 2.03 2.02 2.02
Amino acid chelate supplement .1 .1 .1

The chemical analysis of the four feeds without
the inclusion of the amino acid chelates in the feeds of
the experimental groups for Peri ods 1, 2, and 3 are
shown in Tables 10, 11, and 12, respectively.

I Table 10 I
Chemical Analysis of Period 1 Feeds (%)

Group 1 &2 3 &4 5 &6 7 &8

Moisture 12.10 12.18 12.09 12.15
Ash 7.57 7.68 7.49 7.62
Crude protein 28.15 28.22 28.17 28.12
Crude fat 5.78 5.73 5.72 5.76
Crude fiber 3.31 3.35 3.39 3.42
Inactive ingredients 43.09 42.84 43.14 42.93



The Use of Amino Acid Chelates in Growing Turkeys 339

Table 11

Chemical Analysis of Period 2 Feeds (%)

Group 1 &2 3 &4 5 &6 7 &8

Moisture 11.78 12.00 11.91 11.86
Ash 6.70 6.60 6.68 6.74
Crude protein 24.10 24.05 24.12 24.20
Crude fat 5.76 5.70 5.67 5.79
Crude fiber 3.19 3.24 3.27 3.32
Inactive ingredients 48.47 48.41 48.24 48.09

I Table 12 I
Chemical Analysis of Period 3 Feeds (%)

Group 1 &2 3 &4 5 &6 7 &8

Moisture 12.09 12.13 11.98 12.00
Ash 5.82 5.90 6.09 6.18
Crude protein 19.85 19.80 19.72 19.65
Crude fat 5.65 5.68 5.67 5.69
Crude fiber 3.02 3.06 3.10 3.14
Inactive ingredients 53.57 53.43 53.44 53.34

From these tables it can be seen that the feeds
were relatively similar from group to group with only
slight modifications. As a result, it was hoped that
the experimental data would not only provide proof of
greater efficacy of the amino acid chelates, but also an
indication of any synergism between the amino acid
chelates and the various sources of feedstuffs.

Each turkey was individually weighed at 50, 100,
and 150 days. The results are reported in Table 13.
The statistical analyses(4-7) are included in the same
table. As can be seen, in the first fifty days, those
turkeys which received 16% animal proteins had greater
wei ght ga ins than the turkeys recei vi ng protei n from
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vegetable sources (group 1 versus groups 3, 5, and 7).
Group 1 grew 4.11% more than group 3, 5.21% more than
group 5, and 6.1% more than group 7. However, the
addition of the amino acid chelates to the diets of
groups 4, 6 and 8 increased the growth rates of groups
4 and 6 giving similar weight gains as reported for
group 1.

At 100 days, the turkeys in groups 3, 5, and 7
which had received the partial substitutions of the
vegetable proteins for meat protein grew more slowly
than group 1 which received meat protein. Group 1 grew
4.84%, 6.32%, and 7.00% better than groups 3, 5, and 7,
respectively. With the addition of the amino acid
che1ates to the feed, groups 4 and 6 grew 1. 59% and
2.31% better than group 1, even though groups 4 and 6
had partial substitution of the meat source of protein.
Although increases were noted, the differences were not
significant.

At 150 days, the differences between group 1 and
groups 3, 5, and 7 were even more marked: 5.32%, 6.88%,
and 7.59%. The addition of the amino acid chelates
helped to recover the losses incurred through the
reduction of meat proteins. The differences between
group 1 and 4, 6, and 8 were 1.88%, 5.63%, and 6.38%
which were less decrements than seen in groups 3, 5, and
7 above.
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I Table 13 I
Weight Gains and Feed Conversions

50 Days 100 Days 150 Days

Group Mean Uve Weight No. of Mean Uve No. of Mean Uve No. of Feed
Birds Weight Birds Weight Birds Conversion

1 2,580.30±64.29 190 8,113.28±153.40 185 13,420.81 ±212.81 182 3.03
2 2.713.95±71.35 192 8.563.56±169.23 187 14.350.87±200.32 185 2.85
3 2,474.25±80.23 189 7,720.60±148.72 186 12,706.82±246.58 184 3.14
4 2,565.29±68.74 191 7,984.28±179.36 187 13,168.50±231.79 185 3.05
5 2.445.87±81.80 188 7.600.52±161.59 185 12,497.46±250.30 185 3.21
6 2,521.64±76.39 189 7.925.87±180.20 188 12,665.22±218.16 187 3.12
7 2,422.90±83.42 190 7,545.35±173.14 188 12,402.17±246.31 182 3.27
8 2,437.32±91.64 189 7.616.75±158.38 187 12.564.56±238.74 183 3.16

85.36 231.42 293.48

Least Square Difference (P<0.05).

It is interesting to note from Table 13 that in
each feed formul a, the add it i on of the ami no ac id
chelates improved feed conversion. It took 5.94% less
feed (group 1 versus group 2), 2.87% less feed (group 3
versus group 4), 2.8% less feed (group 5 versus group
6), and 3.63% less feed (group 7 versus group 8) to
achieve a kilogram of weight when the amino acid
chelates were included in the diets.

At 150 days, twenty turkeys from each group were
randomly selected and sacrificed after being fasted for
twelve hours. The carcass, meat, fat, bone, skin, head
and neck, feet, gizzard and stomach, internal organs,
feathers and intestine and pancreas were examined and
recorded as a percentage of live weight. Muscle, fat,
skin and subcutaneous flesh are also shown as
percentages of carcass weight. These data are
summarized in Table 14.
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I Table 14 I
Organ Weights as a Percentage of Uve Weight

Uver Intes-
Spleen tine

Skin & Head Heart &
Car- Subcutane- & Giz- Testicles Fea- Pan-
cass Muscle Fat Bone ous Flesh Neck Feet zard Lungs thers creas

% % % % % % % % % % % % % % %
Group ± car- ± car- ± car- ± car- ± ± ± ± ± ± ±

p.v. cass p.v.* cass p.v. cass p.v. cass p.v. p.v. p.v. p.v. p.v. p.v. p.v.
±p.v. ± ± ±

p.v. p.v. p.v.

79.52 71.13 56.56 3.04 2.42 18.31 14.56 7.52 5.98 4.80 2.38 1.53 3.62 4.85 2.50
1 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

3.16 2.28 1.82 0.31 0.30 1.51 1.18 1.00 0.81 0.52 0.23 0.23 0.46 0.54 0.25

81.60 73.26 59.78 2.36 1.92 17.57 14.38 6.81 5.55 4.40 2.17 1.48 3.50 4.33 2.21
2 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

3.00 2.15 1.96 0.45 0.37 1.42 1.23 1.08 0.90 0.71 0.16 0.14 0.38 0.49 0.23

77.49 69.20 53.62 3.49 2.70 19.40 15.03 7.91 6.13 4.98 2.76 1.61 3.88 5.12 2.88
3 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

3.29 2.31 2.08 0.30 0.25 1.38 1.20 1.04 0.76 0.63 0.27 0.16 0.41 0.62 0.21

79.20 70.83 56.09 3.00 2.37 18.50 14.65 7.67 6.07 4.67 2.45 1.72 3.77 4.75 2.46
4 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

2.93 2.06 2.00 0.51 0.34 1.56 1.29 0.95 0.65 0.58 0.15 0.15 0.40 0.71 0.26

77.12 69.12 53.30 3.38 2.61 19.51 15.04 7.99 6.16 5.10 2.63 1.80 4.00 5.28 2.94
5 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

2.85 2.18 1.75 0.42 0.30 1.25 1.10 1.16 0.84 0.80 0.21 0.15 0.29 0.60 0.20

77.74 69.51 54.04 3.36 2.62 19.74 14.96 7.89 6.13 5.06 2.49 1.98 3.95 4.92 2.70
6 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

3.04 2.46 1.68 0.58 0.36 1.31 1.20 1.12 0.82 0.67 0.19 0.17 0.27 0.59 0.18

76.53 68.67 52.55 3.84 2.94 19.68 15.06 7.81 5.97 5.17 2.70 1.85 4.00 5.19 2.80
7 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

3.22 2.32 1.93 0.49 0.40 1.40 1.27 0.99 0.61 0.74 0.19 0.19 0.32 0.63 0.22

77.28 69.00 53.32 3.53 2.73 19.37 14.97 8.10 6.26 4.91 2.83 1.93 3.91 5.10 2.96
8 ± ± ± ± ± ± ± ± ± ± ± ± ± ± ±

3.10 2.49 2.11 0.43 0.33 1.47 1.32 1.03 0.70 0.55 0.24 0.16 0.38 0.68 0.19

LS.D. 1.25 1.10 1.38 -- --- -- --- --- --- --- -- --- --- --- ---
(P<0.05)

*p.v. =- analysis of variance

As a percent of the total
carcass ranged from 76.53% to

live body weight, the
81.60%. The hi gher
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percentages came from the turkeys wh i ch rece i ved the
amino acid chelates in their diets. Group 2, when
compared to group 1, had 2.62% more carcass. Group 4
had 2.21% more than group 3. Group 6 had 0.08% more
carcass than group 5. And finally, group 8 had 1.00%
more carcass than group 7. All of these di fferences
except groups 5 and 6 were statistically significant at
P<O.05.

Even though group 4 received a higher amount of
vegetable protein than meat protein, the carcass weight
approximated the weight in group 1, the control group.
It is believed that this weight increase is a direct
result of the influence of the amino acid chelates on
increasing protein utilization from the diet.

The production of meat was also influenced by the
amino acid chelates. Group 2 had 5.69% more muscle meat
than group 1 on a live weight percentage basis. Group
4 increased 4.61% over group 3. These data were also
statistically significant (P<O.OS).

There were no statistical differences in the fat,
bones, skin, and other tissues and organs examined and
weighed.

After homogenization, dehydration and ashing, the
breast meat was chemically analyzed for its mineral
contents. The breasts were also analyzed for moisture,
protein and fat content. Tables 15 and 16 present these
data. There was very little variation between the
groups.



344 The Roles of Amino Acid Chelates in Animal Nutrition

I Table 15 I
Analysis of Breast Meat

Group Dry Weight % Ash % Protein % Fat %

1 72.91 ± 0.24 1.26 ± 0.04 23.82 ± 0.69 1.35 ± 0.55
2 73.11 ± 0.68 1.25 ± 0.07 23.30 ± 0.90 1.32 ± 0.29
3 73.20 ± 1.30 1.27 ± 0.11 22.78 ± 0.58 1.50 ± 1.27
4 73.45 ± 0.58 1.17 ± 0.03 22.80 ± 0.81 1.36 ± 0.75
5 73.40 ± 0.79 1.14 ± 0.07 22.73 ± 0.79 1.95 ± 0.93
6 72.95 ± 0.82 1.14 ± 0.06 23.40 ± 1.06 1.71 ± 0.88
7 72.79 ± 0.73 1.11 ± 0.05 23.81 ± 0.43 1.58 ± 0.76
8 73.15 ± 0.68 1.14 ± 0.06 23.58 ± 1.23 1.52 ± 0.49

I Table 16 I
Mineral Analyses of Breast Meat (per 100 gm Net Weight)

Group Ca P Mg K

1 6.00 ± 0.01 225.00± 7.62 28.40 ± 1.14 379.00 ± 26.37
2 6.30 ± 0.54 230.40 ± 4.04 28.20± 2.49 356.20 ± 15.19
3 6.40 ± 1.14 238.60 ± 9.66 30.20 ± 1.30 367.80 ± 17.68
4 6.40 ± 0.54 221.80± 5.72 30.00± 0.71 352.40 ± 13.24
.5 6.60 ± 1.34 225.00 ± 2.23 30.60 ± 1.14 360.60 ± 28.00
6 6.00 ± 1.22 231.80 ± 4.49 29.80 ± 1.30 361.00± 11.11
7 5.80 ± 0.83 230.20 ± 9.01 29.20 ± 0.84 368.60 ± 13.72
8 7.00 ± 0.70 224.25± 12.25 28.80± 2.17 354.00± 29.61

Table 16 continued

Mineral Analyses of Breast Meat (per 100 gm Net Weight)

Group Na Fe Zn Cu

1 69.00 ± 6.52 0.93 ± 0.26 1.02 ± 0.09 0.41 ± 0.16
2 72.20 ± 8.76 1.02 ± 0.11 1.05 ± 0.03 0.46 ± 0.20
3 79.00 ± 7.70 0.83 ± 0.10 1.09 ± 0.12 0.34 ± 0.23
4 77.40 ± 6.80 0.77 ± 0.17 1.05 ± 0.15 0.43 ± 0.14
5 66.60 ± 5.68 0.77 ± 0.26 0.78 ± 0.05 0.26 ± 0.14
6 58.20 ± 3.11 0.81 ± 0.30 1.03 ± 0.32 0.22 ± 0.09
7 56.00 ± 4.58 1.09 ± 0.30 0.89 ± 0.09 0.24 ± 0.09
8 58.40 ± 8.11 0.89 ± 0.10 0.86 ± 0.08 0.30 ± 0.06
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The meat from the breasts were diced, the fat
removed and then the digestibility determined according
to the Bjoll ema-Wedemeyer method. The resul ts for
protein, digestibility, and the coefficients of
digestibility are shown in Table 17. There were no
statistically significant differences in the groups.

I Table 17 I
Digestibility of the Breast Meat

Coefficient of
Group Total Protein % Nondigestible % Digestible Digestibility

1 23.82 ± 0.69 0.39 ± 0.04 23.43 98.36
2 23.30± 0.90 0.35± 0.03 22.95 98.49
3 22.78 ± 0.58 0.56 ± 0.15 22.22 97.54
4 22.80± 0.81 0.57 ± 0.14 22.23 97.50
5 22.73 ± 0.79 0.49 ± 0.06 22.24 97.84
6 23.40 ± 1.06 0.58 ± 0.14 22.82 97.52
7 23.81 ± 0.43 0.36 ± 0.06 23.45 98.48
8 23.58 ± 1.23 0.32 ± 0.10 23.26 98.64

The last table, Table 18, summarizes the
tenderness of the meat. Using the Schonberg and
Lochmann(·) method wh i ch has been elaborated by Kruger, (9)

in which the meat was exposed to trypsin for 96 hours
and the percent of undigested material measured, it was
determined that there were no statistically significant
variations between the groups.
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i Table 18 I
Tenderness of Breast Meat

Group Percent of Nondigested Material

1 3.41 ± 0.39
2 3.89 ± 0.44
3 3.09 ± 1.35
4 2.85 ± 0.21
5 3.10 ± 1.34
6 3.20 ± 0.99
7 3.46 ± 0.55
8 3.89 ± 0.37

In summary, it was found that when the amino acid
chelate formula (shown in Table 7) was included in the
turkey feed at the rate of 1000 ppm (100 ppm metal) of
the total feed, feed growth rates were increased and
more efficient use made of the protein sources found in
the feed. Feed convers i on was a1so enhanced. When
butchered, the carcass weight of the turkeys receiving
the amino acid chelates was greater, with a 2.61%
greater ki 11 i ng percentage and as. 69% greater meat
yield, comparing groups 1 and 2 (the mean increase for
all groups was 3.29%).

These tests demonstrated that growth rates in
turkeys will vary based on the source of the protein fed
to them. Animal sources provide greater growth rates
than vegetable sources. Nevertheless, the amino acid
chelates improved the utilization of protein from the
vegetable sources in the feed, and, in some instances,
allowed the turkeys to make as effi cient use of a
vegetable protein as they normally would have made with
a meat protein. Since vegetable proteins are generally
less expensive than meat proteins, this has an economic
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impact. This research demonstrated that by including
the amino acid chelates in the feed at 1000 ppm (100 ppm
of metal) meat protein sources can be reduced by about
5 to 7% under the constra i nts of the tested rat ions
without having a negative impact on the production of
the birds. oO

)
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Chapter 21
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Since 1976, a syndrome resulting from defective
intestinal absorption of either a nutrient and/or
electrolytes and fluid leading to clinical
manifestations and less efficient productivity has been
noted in many broiler breeding farms as well as in
laying houses. Although this problem has become a
popular topic of discussion in recent times, it is by no
means a recent disease. Occasional occurrences of the
same or an analogous syndrome have been described in the
past.

There are many different names and idiomatic
expressions that have been used to describe this
digestive disturbance. Among the most common names are:
Malabsorption syndrome, pale bird syndrome, femoral head
necrosis, brittle bone disease, osteoporosis, and
infectious stunting (or runting) syndrome. Apart from
common names above, it is considered by some
veteri nari ans as II infect i ous proventri cul us ", a1though,
because the etiology of the principal syndrome has not
been fully understood, this could be a different aspect
of the same disease. For the purpose of this discussion
the problem will be called "malabsorption syndrome."

The malabsorption syndrome generally affects meat
producing broilers. It rarel{ strikes the young heavy
producers(1) or young hens. () Neverthe1ess, it is
readily transmitted to young poults and chicks.

349
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Broiler operations affected by this malabsorption
syndrome regularly relapse into the same symptoms.
Frequently, the problem remains in a particular area of
the poultry house and recurs only in that specific area.
The syndrome can be more severe during certain seasons
than others. (3) All of the above suggests that there i s
an external cause for the disease rather than being a
congenital defect.

Maximum susceptibility to the malabsorption
syndrome is usually recorded within the first seven days
after hatching. In the second week of life and
continuing through the next five weeks, this
susceptibil ity rapidly decl ines. (4) The infection seems
to be transmitted by way of the digestive system by
either direct or indirect contagion. Incubator
infections and flock contagion seem very similar, but
have not yet been scientifically documented.
Insufficient environmental hygiene, incorrect
application of the Hall full-all empty" system,
excessive crowding, unbalanced diet, and some
intercurrent infections all seem to favor the emergence
of the malabsorption syndrome and aggravate its
effects. (5)

After 4 to 6 days of incubation following
exposure, approximately 20% to 30% of the chicks
infected begin to present vague signs of the syndrome
which then seem to follow a systematic progression of
illness. During the second week of life their growth
rates decelerate when compared to normal chicks. Their
limbs weaken. Their small intestines may become
inflamed, although the intensity of the enteritis will
vary from chick to chick. This enteritis appears to be
the basic cause of the malabsorption.

By the third week of life, skeletal defects, such
as enlargement of the tarsi, and scarce calcification of
the long bones, will develop. The affected birds will
begin to limp and exhibit signs of rickets and
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osteoporosis. Frequently, there is also depigmentation
of the skin, possibly due to malabsorption of vitamins
A and E. It is this latter clinical manifestation which
gives the syndrome another name: "Pale Bird Syndrome."
Feathering defects, such as ruffling, begin to develop
at this stage, thus providing still another name, for
the syndrome: "Helicopter Birds." Enteritis usually
persists in the infected birds.

At the fourth week of life, there is continued
progression of the bone alterations cited above.
Femoral incurvation appears, as well as tibial rotation
deviation. Radiological examinations of isolated thigh
bones genera11 y reveal very th in cort i cal s where the
longitudinal bending and external convexity take place.
The cortical from the medial side is thickened. The
medullar duct is dilated.(6) It is during this fourth
week that the enteric symptoms and feathering defects
seem to regress. Even though the diarrhea appears to
decl ine, .L. col i infections tend to increase, and in
some way appear to be re1ated to osteomye1it is. The
bone inflammation may spread, or it may remain
localized.

By the fi fth week of 1i fe all of the above
clinical symptoms seem to regress, except the skeletal
alterations which may become accentuated. Corticals are
thin and fine, and sometimes discontinuous, radiopaque
lines run parallel to them in the medullar duct. In
some of the bended th igh-bones, the cort icalor the
external side, appears thicker than on the medial side.
The width of the medullar duct increases. Inside, the
trabecular structure appears normal, but there is an
irregular trend with the presence of several
transversal, radiopaque thin lines. This probably
results from a demineralization of pre-existent looser
grooves. Di aphysary nutri ent hol es, when they can be
found, have varying diameters, from small to normal, in
connection to the bone radius size. Epiphyses are
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normally formed, but the trabecular shape is irregular.
Subchondral bone density changes so that in some thigh
bones it is normal, while others contain a structure
with opaque transversal tracts which vary to transparent
ones, all parallel to each other and to the articular
surface. Some articular surfaces have no incrustation
cart i1age. (5) There may be a part i a1 detachment of the
femoral head. (5)

Because of the malabsorption of the nutrients, the
weight of the affected birds is considerably lower than
bi rds of the same age i n heal thy flocks. The feed
conversion index of infected flocks rises significantly.
The mortality rate from the malabsorption syndrome is
usually 3% to 4%, but among the more severe cases, it
can go as high as 12% to 15%.

Pathological examination of the diseased birds
reveals inflammation of intestinal pouches (catarrhal
entrotyphlitis) of varying intensities. Undigested food
is usually present along with a yellow-orange mucus in
the small distal region. There is atrophy and/or
fibrosis of the pancreas accompanied by atrophy of the
lymphatic organs. Occasionally there is atrophy of the
gizzard musculature with poorly defined hepatic lesions.
Myocarditis with slight hydropericardium is also noted.

Hematochemical and physiopathological examinations
reveal a reduction of carotenoid plasma and of some of
the fat soluble vitamins and alkaline phosphatases.
Blood Ca, P, Na, K, and C1 are occasionally within
normal levels, but in most cases, Ca, P, glucose, total
protein, albumin, urea and uric acid appear
significantly decreased.(7) These clinical findings
regarding the blood differences are seen in Table 1.(6)
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I Table 1 I
Blood Chemistry Differences Between Healthy Birds and Birds
Infected with the Malabsorption Syndrome

Healthy Group Malabsorption Syndrome
Group

Chlorine 105 mEq/L 107 mEq/L
Creatinine 0.38 mg/dl (100 ml) a.33 mg/dl (100 m1)
Total proteins 3.45 gm/dl (100 ml) 2. 73 gm/d1 (10a m1)
Albumin 1.23 gm/dl (100 ml) 0.9 gm/dl (100 ml)
Calcium 11.7 mg/dl (100 ml) 9.7 mg/dl (100 ml)
Inorganic phosphorus 9.85 mg/dl (100 ml) 7.7 mg/dl (100 ml)
Cholesterol 123 mg/dl (100 ml) 112 mg/dl (100 ml)
Glucose 238 mg/dl (100 ml) 165 mg/dl (100 ml)
Urea 4 mg/dl 3 mg/dl
Bilirubin 0.35 mg/dl 0.30 mg/dl
Alkaline phosphatase 700 I.U. 500 I . U.

In brief, Table 1 shows that many blood
nutritional parameters are reduced in the malabsorption
group. This includes proteins, glucose a~d minerals.
The mean glucose levels in the infected birds are only
69% of that of the healthy birds, and thus, can have
severe consequences for bird development. Similarly,
the reduced alkaline phosphatase activity coupled with
lower circulating levels of calcium and phosphorus are
indicative of a sub-optimal level of bone activity. The
net effect is a severely curtailed source of nutrients
which is reflected in poor growth rates, reduced feed
efficiencies, and elevated mortality rates.

As a result of an increasing world-wide diffusion
of the disease with its associated economic losses due
to poorer feed conversions, higher mortality rates, and
more waste at slaughter, numerous studies have been
conducted to ascertain its cause. Initially, it was
believed that certain forms of mycoses (fungi) were the
causative agents. Some researchers still maintain this
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hypothesis is valid; however, there are numerous
indications of Escherichia coli infections. Pasteurella
anatipestifer has also been noted, and Staphylococcus
infections may also be present. Lately, however, most
of the etiological studies conducted on the
malabsorption syndrome, and analogous forms of it, have
revealed the presence of a reovirus in the gastroenteric
tracts of infected chicks.

Reovirus stock has been isolated from the
pancreas, the intestines, liver, the spinal cord and
femoral bone marrows of birds suffering from
malabsorption syndrome. ().5.'.9.10) Almost all of the
reovirus under observation was serologically correlated
to the tenosynovitis virus (TVS), such as S-1133. It
was found, however, that at least one varying serotype
showed a one-way crossed reaction with the S-1133
serotype.

Rosenberger isolated and infected the intestinal
ansae of some chicks with the reovirus suspected to be
responsible for the malabsorption syndrome and
discovered a reduced capacity of the intestine to absorb
l-methionine and d-glucose.(')

There has been some evidence of the presence of
calcivirus in the diseased chicks' intestines, which
neither grow on the chicken embryo as a substrate medium
nor in various types of cellular cultures. In the same
birds, however, a reovirus has been isolated from the
pancreas which was capable of reproducing the typical
manifestations of the syndrome including a pancreatic
failure to secrete digestive enzymes.

It has been possible to reproduce gastroenteric,
pancreatic, and occasionally, hepatic lesions by using
many of the isolated reovirus even though the results
are not always consistent. Nevertheless, these lesions,
however they arise, seem to explain the digestive
trouble and absorption defects of the birds. Secondary
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deficiency phenomena, such as the inability to absorb
fat soluble vitamins, in particular, vitamins A, OJ' and
E, (5) and some of the trace element salts, (11) result from
the infection.

It still remains to be clarified whether: (1) the
viral agents at issue are capable of blocking or
retarding the affected chicks' growth solely through
malabsorption mechanisms; or (2) acting directly on the
endocrine system; or (3) whether alterations of the
lymphatic system intervene in the complex chain of
pathological events which then become the basis of the
malabsorption syndrome and correlated forms. One thing
is certa in: the mal absorpt i on syndrome may not be
considered as simply a viral infection. It appears to
result from a great number of factors including viral,
bacterial, nutritional" and even management. (11,15)

It has been observed in broilers that injections
of the parents with vaccines prepared with reovirus
avi ary seem to be useful in prevent i ng "femur-head
necrosis" in the chicks. When vaccination with a
preparat ion conta in i ng thorough ly attenuated reovi ruseS)
were carried out on one-day old chicks, variable results
were produced. To date, since no vaccine has been
developed that will prevent the malabsorption syndrome
from occurring, other alternatives should be considered.
These alternatives rest primarily in the field of
nutrition.

There has been some success in the use of vitamin
supplements fed to chicks immediately upon arrival in
the coop. For example, the addition of 2.5% Brewer's
yeast to the diets of the ch icks has resul ted in
considerable receding of the symptoms. (10) Brewers
yeast, of course, contains high amounts of riboflavin,
pantothenic acid, niacin, and chol ine. (13)
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The inability of the chick's body to produce
vitamin 0] appears to be one of the nutritional aspects
of this syndrome. Vitamin 0] by itself is not able to
promote reabsorption of calcium by the bones unless it
is first transformed into 25-hydroxy-0] in the liver and
then into 1,25-dihydroxy-D) in the kidney. The latter
of these metabo1i tes i s produced when ca1ci urn blood
levels decrease. It is at this point that the
parathyroi d hormone (PTH) intervenes and provokes an
increased renal phosphate secretion which induces the
conversion of 25-hydroxy-D] into 1,25-dihydroxy-D).
This conversion process is controlled by the calcium
blood level. If the level of calcium in the blood
rises, the PTH activity diminishes and the production of
1, 25-d i hydroxy-D] decreases. (11.18.19)

The chicks do not seem able to synthesize 1,25
dihydroxy-D) during their first ten days of life.
Therefore, they must make use of the calcium reserve
obta i ned from wi th in the egg pri or to hatch ing. (19)

In addition to the vitamin D, amino acid chelates
have been found to aid in certain aspects of the
malabsorption syndrome. Because the latter appear to be
absorbed through a pathway in the small intestine, which
is different from that employed by metal salts,(16) they
circumvent the interferi ng factors in the i ntest i ne
wh i ch the rna1absorpt ion syndrome creates. (12)

Looking only at mineral nutrition as it relates to
the rna1absorpt i on syndrome, and based on the above
rational of greater mineral absorption through the use
of amino acid chelated minerals which utilize a
different absorption pathway in the intestine, the
following experiment with baby chicks was conducted to
ascertain if the clinical symptoms of the syndrome could
be reduced by increasing mineral uptake.

Five hundred, one-day old chicks were infected
with the reovirus and arbitrarily divided on an odd/even
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basis into two groups of 250 birds each. Both groups
received identical feed, housing conditions, etc.,
except the experi mental group recei ved a formul at ion
containing iron (9%), zinc (3%), manganese (1.2%),
cobalt (.08%), and copper (2.2%) as amino acid chelates
mixed with the feed at a rate of 100 ppm. The control
group received equivalent amounts of these minerals as
elemental salts. Within four to six days after
exposure, the control group began presenting the usual
clinical signs associated with the syndrome. Skeletal
alterations occurred. Some enteritis in varying degrees
was also present. Growth rates were reduced. As shown
in Table 2, the total cumulative mortality in the
control group was 3.2% greater than the experimental
group. After exhibiting some initial symptoms of the
disease, the chicks which had received the amino acid
chelates appeared to return to normal health and grew at
equivalent or better rates than generally expected for
healthy non-infected chicks, even though clinical data
indicated that the reovirus remained present.

I Table 2 I
Percent of Mortalitl Rates in Reovirus Infected Chicks

Week 1 Week 2 Week 3 Week 4

Control 3.4 1.8 0.4 5.6

Experimental 1.4 0.6 0.4 2.4

IDifference I - 2.0 I - 1.2 I -- I - 3.2 I

This treatment with the amino acid chelates gave
highly satisfactory results by supplying supplemental
amounts of biologically available essential trace
elements which are usually almost congenitally deficient
at the time of arrival into the coop. The higher
absorption of the minerals from this particular type of
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chelate through a secondary pathway in the intestines
appears to favor the development of specific immunity
factors, the formation of which apparently require these
supplemental minerals. When developed, these immunity
factors appear to aid the ch icks in overcomi ng the
negative effects of the reovirus.

Having obtained success with the chicks, it was
decided to conduct a second experiment this time using
breeder hens in an attempt to prevent the offspring from
succumbing to the malabsorption syndrome. The rationale
for this approach was based on the fact that immunity
must be developed from the mi nera1s supp1i ed to the
chick before hatching or consume them in a highly
available amino acid chelated form shortly after
hatching. Other research has shown that an increased
deposition of minerals into the egg is possible when the
laying hen is fed metal amino acid chelates,(l4) so it
was believed that a similar phenomenon, (the greater
transfer of metals to the embryo before hatching) could
he1p prevent the rna1absorpt i on syndrome from man i fest i ng
itself in the prenatally supplemented chicks infected
with the reovirus. This was particularly important,
since the above work with the amino acid chelate
supplemented chicks indicated that they could function
equally well when compared to normal chicks even though
they were infected with the reovirus.

In the experiment with the breeder hens, 1,000
hens, of similar age, from five commercial breeder hen
coops were used. Each coop had a past history of
repeated malabsorption syndrome within their respective
flocks. The breeder hens in each coop were divided into
two groups and maintained in wire cages. The hens in
the experimental group received the amino acid chelate
formula shown in Table 3 mixed in their feed at the rate
of 0.10% chelates in the total feed. This amino acid
chelate formula was fed to the experimental group
throughout the entire period of the experiment. It was
believed that the hens in the experimental group would
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transfer a significant portion of these biologically
available minerals to the egg to help build immunity in
their chicks. The control group was fed an inorganic
m; nera1 supp1ement w; th an equ ; val ent amount of mi nera1s
as contained in the amino acid chelate formula.

Table 3

Mineral Composition of Amino Acid Chelate Supplement
Given to Broiler Hens with a History of
Malabsorption Syndrome

Iron amino acid chelate
Zinc amino acid chelate
Copper amino acid chelate
Manganese amino acid chelate
Cobalt amino acid chelate

58.1%
19.4%
14.2%
7.8%
0.5%

During the 20 week trial period, both groups of
hens laid about the same total number of eggs - 46,950
for the experimental group and 46,500 for the control
group. The eggs were hatched under heat 1amps. The
percent of hatchabi 1i ty was about the same for both
groups. The experimental group hatched slightly more
eggs, but the increase was not statistically
significant.

There were no differences in the treatment of the
chicks after hatching.

When the baby chicks were hatched they were
closely monitored for the first three weeks of life,
which, as indicated earlier, is the most critical period
for the occurrence of the malabsorption syndrome. The
data which emerged from this experiment are shown in
Table 4 and Table 5.
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These tabl es show the mortal i ty rates of the
chicks hatched from the control and experimental groups,
respectively. During the first week of life, the
mortality of the control group was 2.39 times that of
the experimental group. In the second week of life the
mortal ity rate for the control group was 1.05 times
greater than the experimental group. In the control
group a total of 5.54% of the chicks died compared to
2.40% of the ch i cks in the experi mental group. Th i s
means that approximately twice as many chicks died when
the breeder hens did not receive amino acid chelates
during the laying period. A post mortem of a sampling
of the dead chicks indicated they had died as a result
of having the malabsorption syndrome.

I Table 4 I
Mortality Rates of Chicks from Control Hens

Number of Mortality Mortality Mortality Mortality
of Chicks 1st Week 2nd Week 3rd Week %

10,000 328 334 36 6.98
9,500 331 201 40 6.02
9,000 409 80 36 5.83
9,000 354 73 38 5.16
9,450 172 138 35 3.65

46,950· 1,594· 826" 185" 5.48b

.. Totals per category
b Average percent mortality
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I Table 5 I
Mortality Rates of Chicks from Experimental (Amino Acid Chelate) Hens

Number of Mortality Mortality Mortality Mortality
of Chicks 1st Week 2nd Week 3rd Week %

9,000 130 61 35 2.17
9,500 128 58 37 2.35
9,500 152 57 34 2.55
9,500 150 59 38 2.60
9,000 101 42 36 1.98

46,500" 661" 277" 180" 2.28b

~ Totals per category
b Average percent mortality

Statistical analyses of mortality rates using the
students t test indicated that the survival rate of the
experimental group was statistically significant
(P<O.OOl) compared to the control group. The main
benefit, therefore, of supplementing the parent stock
hens was to predi spose thei r progeny to an improved
immuno log ical response to subsequent infect ion fo 11 owi ng
hatching. While it is likely that the breeder hens also
benefitted from the metal amino acid chelate
supplementation, no measurements were taken. This was
not the focus of the study.

The data appear to confi rm the hypothes is that the
poor ability to absorb specific trace elements is
associated with the malabsorption syndrome, which, in
turn, may result in poor development of the immune
system. Whether this lower absorption is a result of
the malabsorption or one of the causes was not
ascertained. The problem does appear, however, to be
controllable by feeding the breeder hens amino acid
chelates during their laying period. The chicks may
also be supplemented, directly, following hatching. The
higher absorption of the amino acid chelates compared to
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mineral salts is due to the chelation of the minerals
with amino acids which allows them to be absorbed as
dipeptide-like analogs in the jejunum rather than the
duodenum, as is the case wi th metal cat ions. The
rna1absorpt i on syndrome apparent1y causes mod i fi cat i on of
the duodenum, which then interferes with cation uptake.
The percentage of increase in uptake from the amino acid
chelates was not assessed as part of this study, the
clinical data indicate that increased absorption of the
amino acid chelates does occur(l2) with corresponding
improvements in immunity.

In summary, the feeding of amino acid chelates
appeared to aid in the prevention of certain clinical
symptoms of the malabsorption syndrome, although the
minerals did not curtail the reovirus infection. Such an
approach would, therefore, be expected to provide
beneficial results in larger scale applications in
production breeding. Reversals for most of the semi
congenital deficiencies of trace elements that baby
chicks normally exhibit were seen. The amino acid
chelates appeared to be an effective prophylactic to the
effects of the malabsorption syndrome when fed to the
chick or to the breeder hen prior to and during the lay
period.
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Chapter 22

THE VALUE OF AMINO ACID CHELATES IN
EGG PRODUCTION

Alberto Bonomi, Afro Quarantelli, Paoli Superchi,
and Alberto Sabbiono

University of Parma

In order for a chicken to produce an egg, numerous
mineral s such as calcium, (1) phosphorus

t
(1) manganese, (1)

copper, (2) iron, (3) zinc, (It) and cobalt, (5) must be present
in the feed. The absorption, transport, and metabolism
of these essential minerals are controlled by one or
more enzymat ic systems and these mi nera1s are in an
active state of movement in and out of their various
molecular configurations within the chicken's body.
Some of this movement occurs upon the death and
digestion of body cells, while ~ther movement is the
result of molecular exchange. ( ) In either case,
however, a constant supply of biologically available
minerals is required if optimum egg production is to be
obtained.

Realizing the importance of the above trace
elements and the fact that they are usually not as well
absorbed as calcium and phosphorus, it was decided to
design an experiment utilizing 2,000 layers to test the
effects of minerals with chelated amino acids on egg
production.

The hens selected were Hubbard Golden Comets. At
the beginning of the study they were 5.5 months of age
and had a mean weight of 1,950 grams each. The
experiment lasted for twelve months, at which time the
chickens were almost eighteen months old.

The hens were di vided into four groups of 500
each. They were rna i nta i ned in wi re cages wi th three
birds to a cage. Group 1 was the control group. Groups

366
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2, 3, and 4 were the treated groups. All birds received
the same feed, except group 2 also received an amino
acid chelate formula shown in Table 1 at the rate of 50
ppm of the total feed, group 3 received the amino acid
chelate formulation in Table 1 at the rate of 100 ppm of
the total feefJ, and group 4 received the amino acid
chelate formula in Table 1 at the rate of 150 ppm of the
total feed.

The basic feed formula given to all four groups is
shown in Table 2. It was provided as a flour and fed ab
1ibitum.

Table 1

Metal Composition of Amino Acid Chelate Formula
(% metal/Kg)

Iron*
Zinc
Manganese
Copper
Cobalt

9.00
3.00
1.20
2.15
0.08

* Percentages are equivalent amounts of metals only,
although all metals were supplied as amino acid
chelates.
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Table 2

Basic Feed Formula (Kg/100 Kg)

Soy flour (44% protein)
Sunflower flour (45% protein)
Meat meal
Fi sh meal
Medicated meal
Corn flour
Barley flour
Wheat germ
Ground wheat
Corn gluten
Fat
Calcium carbonate
Dicalcium carbonate
Sodium chloride
Vitamin and mineral supplement
Vitamin A
Vi tami n D3

Vitamin E
Vitamin 82

Vitamin 812

Pyridoxine
Vitamin K
Pantothenic acid
Folic acid
Choline chloride
DL Methionine
B.H.T.
Cobalt
Iron
Manganese
Copper
Zinc
Q.S. with soya flour

8.0
3.0
5.0
1.0
3.0

55.0
5.0
3.0
6.0
2.0
1.0
4.5
1.5
0.5
0.5

3,500,000 IU/Kg
200,000 IU/Kg

1,500 mg/Kg
500 mg/Kg

5 mg/Kg
5,000 mg/Kg

400 mg/Kg
3,000 mg/Kg

300 mg/Kg
120,000 mg/Kg
30,000 mg/Kg
1,000 mg/Kg

150 mg/Kg
8,000 mg/Kg

12,000 mg/Kg
300 mg/Kg

9,000 mg/Kg
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Records were rna i nta i ned on the da i1y number of
eggs laid and the weights of those eggs. Feed
consumption was also recorded daily. Weight gains of
the birds were measured monthly.

The average numbers of eggs produced per hen per
month in each of the groups are seen in Table 3 and
compared graphically in Figure 1.

I Table 3 I
Mean Eggs/Hen/Month

Groups Mean square
difference

Month 1 2 3 4 P<0.05

June 48.32 ~ 1.80 48.63 + 2.03 49.28 ~ 1.71 48.75 + 1.93 ---
July 71.56 ~ 1.61 71.80 ~ 1.80 72.68 ~ 1.93 71.94 ~ 2.40 ---
August 76.23 ± 1.52 76.69:t 1.78 80.12:t 2.12 79.46 ± 2.04 1.48
September 79.48 ± 2.10 79.74 + 2.21 84.00 + 2.42 83.39 + 3.00 1.36
October 80.67 ± 2.49 81.07 ±2.30 85.13 ±1.93 84.85 ±3.16 1.51
November 81.19 ± 1.98 82.96 ± 1.74 85.17 ± 2.16 83.18 + 2.87 1.29
December 75.37 ± 2.31 78.04 ± 2.25 81.58 ± 2.48 80.73 ±2.15 1.27
January 74.59 ± 2.63 76.83 + 2.39 79.75 ± 2.50 78.52 1: 2.90 1.68
February 74.62 ± 2.40 76.57 ~ 2.58 78.38 ± 2.76 78.001: 3. 13 1.30
March 71.121: 3.01 71.01 1: 2.74 75.161: 2.81 73.89 1: 3.25 1.70
Apr; 1 67.101: 2.86 67.94 ± 2.00 72.00 ± 2.29 71.15 + 2.44 1.42
May 63.10 ± 2.58 63.81 1: 2.24 70.231: 2. 72 69.19 ~ 2.58 1.54
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Fi gure 1. The mean egg product i on per hen per
month.

As can be seen from Table 3, there was no
statistical difference in the egg production of the
groups during the first two months of the laying period.
However, at the end of the th i rd, fourth and fi fth
months, there were statistical differences (P < 0.05)
between groups 3, 1, and 2, and between groups 4, 1, and
2. The hens receiving the amino acid chelate formula,
shown in Table 1, at the rates of 100, ppm and 150 ppm
of the feed produced more eggs at the rates of 5.1% and
4.24% for August, 5.69% and 4.92% for September, and
5.53% and 5.18% for October, respectively, than did the
control group (group 1).

At the end of six months of experimentation
(November) the increased egg production for groups 2, 3,
and 4 were significantly greater (P < 0.05) than group
1. There were a1so sign i fi cant d; fferences between
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groups 2 and 1 and 3, between groups 3 and 1, 2, and 4,
and groups 4 and 1, and 3. groups 2, 3, and 4 had egg
production increases over the control group of 2.18%,
4.90%, and 2.45% respectively.

During the months of December, January, and
February (months 7,8, and 9) egg production declined in
all groups. Nevertheless, the decline was not as great
in the groups that were receiving the amino acid
chelates. The least amount of decline was seen in
groups 3 and 4 which were receiving 100 ppm and 150 ppm,
respectively, of the amino acid chelates. The greater
egg production of groups 2, 3, and 4 were statistically
significant (P < 0.05) when compared to the control
group. There were also significant differences between
groups 2 and 1, 3 and 4, groups 3, and 1 and 2, and
groups 4, and 1 and 2.

At the end of the tenth, eleventh, and twelfth
months of the experiment, there were statistically
differences (P < 0.05) between groups 1 and 3 and 4,
groups 2 and 3 and 4 (group 2 laid about the same total
number of eggs as the control group), groups 3 and 1 and
2, and groups 4 and 1 and 2.

As stated above, the eggs were weighed each day.
These results were summarized, monthly, and then
statistically analyzed. They are presented in Table 4.
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Table 4

Mean Weight Per Egg (g)

Groups Mean
Square

Month 1 2 3 4 Difference
P<O.OS

June 54.381:t0.204 54.428:t0.222 54.402:t0.208 54. 297:t0.194 ---
July 55.221±0.212 55.372:t0.219 55. 396:t0.249 55. 348:t0.207 ---
August 56.680:t0. 261 56.631±0.245 56.742±0.262 56.594±0.300 ---
September 56.521±0.206 57.710±0.228 57.930±0.308 57.895±0.263 0.153
October 57.700±0.243 58.930±0.297 59 .183±0 .300 59 . 152±0 .281 0.172
November 59. 630:t0.309 59.751±0.229 61.000±0.239 61.931±0.340 0.196
December 60.818±0.315 60.901±0.274 62.780±0.225 62.639±0.311 0.245
January 62.960±0.288 63.103±0.319 64.208±0.260 64.103±0.307 0.288
February 64.429±0.263 64.618±0.332 66.149±0.336 65.121±0.263 0.311
March 65.000:t0.3OO 65.143±0.306 66.848±0.290 65.458±0.304 0.229
Apri 1 65.622±0.321 65.702±0.280 66.957±0.271 66.108±0.339 0.261
May 66.337±0.303 66.551±0.271 67. 524±0. 259 66.983±0.288 0.293

As seen in Table 4, the weight of eggs increased
as the laying period progressed. There were no
statistically significant differences until the fourth
and fifth months of lay, at which time groups 3 and 4
produced heavier eggs (.71% and .65%, respectively, in
September and .82% and .77%, respectively, in October).
This trend continued in the sixth, seventh, and eighth
months as well. In this period groups 3 and 4 laid
heavier eggs than the control group by 2.29% and 2.18%,
respectively, in November; 3.32% and 3.00%,
respectively, in December; and 1.98% and 1.81%,
respectively, in January. In the last period, the
ninth, tenth, eleventh, and twelfth months, the
situation was not particularly different than the
preceding period. The increased weights of the eggs
from groups 3 and 4 were statistically significant (P <
0.05) when compared to groups 1 and 2. Over all, the
heaviest eggs were produced from group 3 which received
100 ppm of the amino acid chelate formula in its feed.
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Feed consumption for the production of twelve eggs
is shown in Table 5 and Figure 2. When compared to the
control group, groups 3 and 4 consumed 4.9% and 4.58%
less feed for each dozen eggs produced. group 2 and the
control group ate about the same amount of feed per
dozen eggs produced.

I Table 5 I
Feed Consumption Per Dozen Eggs Produced (Kg)

Group

Month 1 2 3 4

June 2.148 2.170 2.102 2.109
July 2.230 2.240 2.163 2.171
August 2.295 2.278 2.210 2.218
September 2.373 2.365 2.270 2.274
October 2.442 2.450 2.346 2.361
November 2.510 2.490 2.400 2.417
December 2.628 2.600 2.478 2.486
January 2.715 2.683 2.560 2.541
February 2.829 2.795 2.610 2.622
March 2.864 2.852 2.700 2.708
Apr; 1 2.903 2.907 2.738 2.749
May 2.932 2.919 2.781 2.793
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Figure 2. Agraphic protrayal of the feed consumed
per dozen eggs produced.

The 1ast measurement in th is experi ment deal t wi th
the weight gains of the hens during the year they were
involved in the study. It should be remembered that at
the commencement of this experiment, the birds were 5.5
months old and commencing the first laying period of
their lives. Table 6 and Figure 3 summarize the data
from these monthly weighings.
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I Table 6 I
Mean Monthly Weights of Hens (g)

Group Mean
Square

2 3 4
Difference

Month 1
P<0.05

Initial wgt. 1938.29:!.114.36 1955.46:!.122. 10 1927.72:!.111.29 1949.58:!.131.60 --
June 1974.12:.129.17 1983.13;:101.30 1964.59:.106.48 1981.33:,125.19 --
July 2038.27:,143.70 2080.15:.129.11 2088.63:,138.16 2132.25:!.136.68 27.52
August 2081.15:!.110.21 2136.49!.130.16 2151.18!.117.49 2198.62!.112.36 34.29
September 2124.61:.121.57 2175.38;:115.23 2182.49:.119.80 2239.23:.128.72 29.72
October 2170.10:.139.40 2189.17!,132.55 2274.21!,124.12 2288.13:,131.27 48.36
November 2214.25:,118.62 2212.80:,114.23 2303.65:,134.62 2310.74:,140.30 41.28
December 2278.56:,125.90 2301.09:,119.92 2378.41!,116.83 2359. 28!,1 09.54 55.16
January 2321.85!,102.68 2336.37:.113.33 2424.10:.125.50 2406.59:,118.64 39.14
February 2369.14:!.101.75 2370.81:!.119.80 2487.08:!.138.63 2418.96:141.22 37.19
March 2392.70:,150.23 2403.94:.123.36 2536.11:.113.89 2460.73:.116.02 30.15
April 2426.58:,128.70 2448.16:,115.84 2584.20:,138.45 2503.68:127.94 33.30
May 2465.39:!.116.68 2480.32:.124.37 2638.91:.141.76 2550.60:.136.27 44.26
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Figure 3. Weight gains of the hens during the
laying period.
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Even though their feed consumption per dozen eggs
produced was less, the hens in groups 3 and 4, which
were receiving 100 ppm and 150 ppm, respectively, of the
amino acid chelates, grew more rapidly and were larger
than their counterparts in groups 1 and 2. There were
no statistically significant differences in the weights
unt i 1 the th i rd month at wh i ch time group 4 was the
heaviest (P<0.05). This trend continued through the
first 8 months. However, in the last four months, the
hens in group 3 overtook those in group 4. At the end
of the study, both groups were significantly heavier
than groups 1 and 2 (P<0.05).

From the above data, it was obvious that when the
amino acid chelates shown in Table 1 are included at the
rate of 100 ppm in the feed, they have a very positive
effect on egg production and growth rates. This group
produced approximately 5.8% more eggs than the control
group. The difference is statistically significant
(P<0.05). The effectiveness of the amino acid chelate
was especially prominent during molting and during the
winter months.

The beneficial effects of improved feed
utilization from supplying amino acid chelated trace
mi nera1sin 1ayer feeds is obvi ous. At the above
dosages, the hens consumed 4.9% less feed and achieved
a 5.8% increase in egg production when compared to the
control group. Furthermore, the eggs in group 3 were
1.62% heavier than in group 1 which improved their
grading. These data were all statistically significant
(P<0.05).

The total weight gain for group 3 was 7% greater
than for the controls.

When the 1eve1 of the ami no ac id che1ates was
increased from 100 ppm of to 150 ppm, favorable results
were also obtained. These improvements were also
statistically significant when compared to group 1.
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Nevertheless, the increased differences between group 3
(100 ppm) and group 4 (150 ppm) were negligible. At a
lesser dose (50 ppm), there were no meaningful
improvements over the control group. Thus, the 100 ppm
in the ration not only results in a significant
production improvement, but is also more economical than
the higher dose, particularly when considering the feed
consumption per dozen eggs.

As stated in the beginning, the trace elements
selected for this study are known to influence egg
production. When these minerals are supplied as amino
acid chelates, it appears that they are absorbed more
completely. With their higher absorption, they seem to
favorably influence the physiological systems in the
hen's body that are responsible for egg production. The
net result is more and larger eggs at less cost.
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Chapter 23

THE ROLE OF AMINO ACID CHELATED
MAGNESIUM IN EGG PRODUCTION

Davi d Atherton, Thomson and Joseph Limited

Magnes i urn was fi rst shown to be an essent i a1
nutrient in 1926. (1) By 1942, research was publ ished
which proved it to be an essential nutrient in
poultry.(2) In 1967, Sell, et ~., induced a magnesium
deficiency in ~hite Leghorn layers by using semi
puri fi ed diets. () They observed a sharp decrease in
egg production within 9 days after starting the
experiment. Production ceased entirely by the 21st day.
At the same time, the magnesium content of the eggs
rapidly declined. The hatchability of the fertile eggs
decreased to zero within fifteen days after starting the
treatment. When the magnes i urn 1eve1s were increased
from 50 ppm to 500 ppm, egg production commenced again,
and hatchabi 1i ty of fert i1e eggs returned to norma1
within six days.

In spi te of these data, there is no general
agreement regarding optimum magnesium requirements for
laying hens. Sell, et ~. recommended 250-350 ppm. (3)
Edwards and Nugara believe between 490 and 900 ppm of
magnesium is essential.(4) Hajj and Sell later revised
their earlier estimate(3) and reported 355 ppm is
required.(S) Currently (1984) the National Research
Council in the United States recommends 500 ppm of
magnes i urn for 1ayers. (6)

Part of the controversy is due to the fact that no
definitive data exist on the "true" intestinal absorp
tion of magnesium by chickens. It is believed that
approximately 45 to 55% of the ingested magnesium may be
absorbed,(7) but absorption probably declines with
increasing dietary levels. Using 28magnesium, Edwards,
et ~. found 51% of a dose in the feces within four days
after injection.(8) Very little of this magnesium was
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reabsorbed after it entered the jejunum. Thi s was
probably due to the precipitation of the magnesium in
the alkaline pH of the intestines as it moved through
the jejunum and ileum.(9)

In addition to a high pH, dietary phosphorus or
calcium will affect magnesium absorption.(·) Vitamin 0)
may infl uence uptake of magnes i um(lO) by changi ng rates
of accretion or mobilization of bone salts.(ll) Dietary
fat wi 11 reduce magnes i urn absorpt ion. (12) Lactose may
increase magnesium blood levels by stimulating increased
feed consumption.(l) And finally, the level of dietary
protei n has been reported to affect magnes i urn
absorpt ion. (14)

Because increased protein has a positive effect on
magnesium absorption, it was decided to test the effects
of feeding magnesium that had been chelated with amino
acids on egg production. Previous research has
indicated that in this chelated state, the magnesium is
not only absorbed in greater quantities, (15) but in
conjunction with other amino acid chelated minerals, it
has resulted in increasing egg production when compared
to equivalent intake of inorganic metal salts.(16)

For thi s current study 360 Hi sex Brown 1ayers,
with a mean age of sixty weeks, were arbitrarily
ass igned to one of four feed treatments. There were
ninety birds in each treatment. Each treatment had
three replicates with thirty birds per replicate.

The three replicates were designated as A, B, and
C for each treatment. Each replicate group of thirty
birds was accommodated in a single row of 6 X 5 bird
cages:

Birds per replicate
Birds per treatment
Birds per tier
Total birds in study

30
90

120
360
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The random distribution of the treatments among
the cage tiers is shown in Table 1.

I Table 1 I
Random Distribution of Tiers

Tier A Group 3 Group 2 Group 4 Group 1

Tier B Group 2 Group 1 Group 3 Group 4

Tier C Group 4 Group 3 Group 1 Group 2

All of the groups received the same layer feed
except for the addition of the various magnesium
supplements. Table 2 summarizes the magnesium
supplements provided and the quantity of magnesium
supplied per group.

I Table 2 I
Magnesium Supplement (g/1000 Kg)

Treatment MgO Mg Amino Acid Chelate Total Mg

1 (Control) --- --- ---
2 177 23 200
3 --- 50 50
4 200 --- 200

The chemical analysis of the four feeds is shown
in Table 3. Four samples were taken from the feed for
each treatment and the results averaged.
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I Table 3 I
Chemical Analysis of Feeds (%)

Treatment Protein Ca P Na Mg

1 17.67 5.00 0.70 0.18 0.16
2 16.42 4.95 0.66 0.19 0.19
3 16.80 4.85 0.62 0.18 0.17
4 16.85 5.36 0.59 0.18 0.18

The experiment lasted from August to October, for
a total of twelve weeks (84 days), during which time the
number of eggs produced, the weights of the eggs, the
qual i ty of the eggs, the feed convers; ons, and the
laying hen mortality were measured.

Table 4 presents a summary of those results for
the egg production with their statistical significance.
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I Table 4 I
Summary of Results on Egg Production

Treatment Numbers 1 2 3 4

Original hen numbers 90 90 90
~(P<O.01)Total eggs laid 55283 59S7b 5792b

Eggs/hen housed 61.42 66.19 64.36 65.18
% egg production (hen housed) 73.10 78.80 76.62 n.59

Egg size (as % of all sampled)

1 21.44 14.65 15.11 20.90
2 31.50 32.61 28.81 30.98
3 29.33 32.14 34.52 30.03
4 9.89 11.57 12.24 9.44
5 .81 2.17 1.94 1.50
6 .00 .00 .53 .00
7 .00 .00 .04 .00

On farm seconds 7.03 6.87 6.81 7.15

Average egg weight (grams) 67.12 66.37 65.89 67.37

Total egg mass/hen housed (kg) 4.12 4.39 4.24 4.39

Average speci iic gravity 1.0808
3

1.08043 1.0828b 1.0s0r(p<D.01)
Average haugh unit n.D7 76.75 76.75 75.39
Average shell color 39.00 38.~ 38.62 ~OO
Average shell texture 2.143 2.04 2.05b 2.03 (P<O.Ol)
Average yolk color 10.14 10.25 10.23 10.41

Inclusions per sample of 480 eggs
Meat spots 55 3~ 38 32
Blood spots 103 4 133 163 (P<O.05)
Total Inclusions (meat and blood 65 43 51 48
spots)

The inclusion of magnesium in the diets of the
laying hens had a positive effect on production. Diets
2, 3, and 4 all produced more eggs than the control.
The increase in each case was statistically significant
(P<O.Ol) from the control. The fact that treatment 3
(which only provided 50 ppm of magnesium as the amino



The Role of Amino Acid Chelated Magnesium in Egg Production 385

acid chelate) was still statistically equivalent to the
MgO supplement (which provided 200 ppm of magnesium) is
an indication of the greater bioavailability of the
magnesium. This observation is further borne out by
noting that diet 2 (which had a combination of MgO and
the amino acid chelate) had a higher production level
than diet 4 (which had an equivalent amount of magnesium
that was totally from MgO.)

The mean specific gravity of the eggs from diet 3
(magnesium amino acid chelate) was statistically higher
than the other groups (P<O.Ol).

The shell texture was significantly improved
(P<O.Ol) by the inclusion of magnesium in the diet. The
eggs that were graded as seconds averaged about 7% of
the total production. This amount is considered low for
a flock at this stage of lay. The magnesium amino acid
chelate treatments (diets 2 and 3) had slightly reduced
percentages of seconds on the average.

Finally, there were significantly less (P<0.05)
blood spots in the eggs from the hens receiving the
magnesium amino acid chelate and MgO in combination
(treatment 2) when compared to the control group and the
other diets. Aga in these data suggest the greater
bioavailability of the amino acid chelate. When the
hens received only 50 ppm of magnesium as the amino acid
chelate, they produced eggs that had almost 19% less
blood spots than eggs from the hens receiving 200 ppm of
magnesium as MgO.

Blood spots occur when one or more of the blood
vessels in the follicle rupture, and the blood becomes
incorporated into the yolk during its formation. Meat
spots are degenerated blood spots. Both lower the
qua1i ty of the egg and reduce its marketabi 1i ty. (17)

When the incidence of meat and blood spots are added
together, diet 1 had 65 (13.5%), diet 2 had 43 (8.9%),
diet 3 had 58 (10.6%), and diet 4 had 48 (10%)
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incidences. Clearly the inclusion of amino acid
chelated magnesium had a positive effect on what was
once thought to be a problem of genetics that would not
respond to nutri t ion. (17)

The data on feed consumption and hen condition are
shown in Table 5. It is clear that feed conversion is
affected by the inclusion of magnesium to the diet. The
inclusion of magnesium significantly (P<O.05) reduced
the amount of feed consumed to produce a dozen eggs.
None of the other parameters were statistically
significant, although it should be noted that there was
no hen mortality in the two groups receiving the
magnesium amino acid chelates whereas there was in the
control group and group 4 which received its magnesium
as MgO.

I Table 5 I
Feed Conversion and Hen Condition

Treatment 1 2 3 4

Original hen numbers 90 90 90 90
Total feed fed (kgs) 956.80 956.85 962.65 950.88
Food fed/hen housed (kg) 10.63 10.63 10.70 10.57

(Kg feed/Kg eggs) 2.58· 2.42b 2.52· 2.42b (P<0.05)
(Kg feed/dozen eggs) 2.08 1.93 1.99 1.99

Ave body wgt at start (kg) 2.07 2.14 2.02 2.01
Ave body wgt at midway (kg) 2.09 2.12 2.03 2.05
Ave body wgt at end (kg) 2.10 2.14 2.05 2.06

Total mortality 3 0 0 1
Mortality (% of hen housed) 3.33 .00 .00 1.11

In summary, there is disagreement on the level of
magnesium that should be included in layer feeds. These
data demonstrate a positive effect from its inclusion,
but do not indicate the optimum level to include. The
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amount of magnes i urn used in th i s study is be low the
N.R.C. recommendations, and this may have skewed the
resul ts. Sell has suggested that there is greater
magnesium absorption, regardless of the source, when
chickens are given a magnesium deficient diet. oe

) There
is some indication of synergism between the MgO and the
magnesium amino acid chelate in diet 2. Even though
diets 2 and 4 both contained 200 ppm of magnesium, diet
2 with the amino acid chelate, out performed the
inorganic MgO diet 4. If dietary levels of magnesium
had been increased in all of the diets, perhaps there
would have been an even greater difference between the
effects of the ami no ac id che1ate and the inorgan ic
source of magnesium on egg production.
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Chapter 24

THE EFFECTS OF AMINO ACID CHELATES ON
THOROUGHBRED MARES

Martin G. Robl* and Richard J. Forfa**
University of Maryland

Individual or multiple factors can affect the
reproductive efficacy of individual mares, but the
general management techniques are an equally important
part of any successful brood mare operat ion. The
average foaling rate in hand-bred mares is only
approximately 60%, and this has not improved much over
the last thirty years. (1) Early pregnancy loss that
occurs between fertilization and 150 days post-ovulation
ranks as a major cause of the infert i1i ty. (2) The
incidence of these abzrtions has been reported to be
between 11%(3) and 13%( ).

Barren mares need to be evaluated for reproductive
soundness at the end of their unsuccessful breeding
season because most mares will be actively cycling at
this time, and a true estimation of their future
breeding potential is possible. (1)

Malnutrition in mares may be associat~d with early
embryonic loss as reported by Van Nickerk.( ) Kenney has
suggested a close association between nutritional
insufficiencies and embryonic losses in mares.(6)
However, there is a sparsity of reports indicating
specific mineral relationships with ovulation and early
embryonic loss in the mare. A recent study reported
that ami no ac id che1ated mi nera1s had a benefi cia1
effect on improving conception rates and reducing early
embryonic loss in the bovine.(7) This current study was

* Currently Veterinary Specialty Diagnostics, Inc.
**Currently Monoacy Equine Associates
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conducted as a field trial in an attempt to study the
possible effects of these amino acid chelates on the
conception rates and embryonic loss of a group of barren
thoroughbred mares.

Twelve barren mares from a Maryland thoroughbred
brood mare farm wi th good management techn iques were
selected for this study. All of the mares had been
barren for one or two previous years while the farm had
a foaling rate of approximately 65% using the hand-bred
technique. Each mare was evaluated during September for
the following breeding season. This evaluation included
a gross examination, palpation of the reproductive
tract, uterine swabs for aerobic, anaerobic, and fungal
cultures, and three uterine biopsies (right and left
horn, and body) for light microscopic evaluation. Blood
samples were taken for routine evaluation of the red and
white blood cell components.

A portion of each blood sample and each uterine
biopsy was also used for a mineral content evaluation by
X-ray dispersive microanalysis with a scanning electron
microscope probe using a technique that was adapted from
a method to evaluate mineral levels in plant tissues. c

.)

Following an evaluation of the gross and
microscopic examinations of the tissues and the results
of the microbial cultures, the barren mares were placed
into two groups (control and treated) and paired as
closely as possible on the basis of age, the length of
non-reproductivity, and comparable microscopic tissue
changes seen in the uterine biopsy examinations.

A basal ration used on the farm, consisting of a
mixture of Timothy grass hay, alfalfa, and a prepared
commercial supplement, was fed to both groups of mares.
The treated group of six mares was fed an additional
three ounces per day of the amino acid chelate
formulation shown in Table 1 for approximately 45 to 60
days prior to breeding and 45 to 60 days after breeding.
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Table 1

Amino Acid Chelate Formula Fed to Mares

Prtassiurn*
M~!gnes i urn
Iron
r~anganese

Copper
Zinc
Cobalt

4.565 %
2.480 %
1.000 %
0.700 %
0.400 %
1.423 %
0.008 %

*Potassium was supplied as an amino acid complex.
All of the other minerals were supplied as amino
acid chelates.

An artificial light regimen was used on some mares
in both groups. The breeding dates, number of breedings
per conception, and confirmed pregnancies through five
months of gestat i on were compared . Several mares of
each group were sold at this time, and thus all of the
mares could not be monitored throughout the entire
gestation period. The study was terminated at the five
month gestation point.

Blood samples for routine evaluation of the red
and white blood cell components were taken at the end of
the five month gestation period. Additional blood
samples were also taken at that time for analysis of
their mineral contents.

The reproductive performance of the two groups of
barren mares is presented in Table 2.
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I Table 2 I
Reproductive Performance of Thoroughbred Mares

Number Uterine Days to Breeding Services
Age Years Received Biopsy after : after Per
Yrs Barren Ughts Category Culture lights: Jan. 1 Conception

Control Group

20 2 No II Cervixl - 167 4
14 2 No II - 101 1
8 3 No II - 101 1
8 1 Yes II - 61 1
4 2 No I - 128 3
4 maiden No I - 98 1

Mean 9.7 2 1.7 109.3 1.83

(5 Mares)

Treatment Group

21 1 Yes II Cervix2 76 45 1
16 1 Yes II Uterine3 77 46 1
16 1 Yes II 92 61 1
11 2 Yes II 83 52 1
5 1 Yes I 100 69 1
5 maiden Yes I 138 107 5

Mean 12.3 1.2 1.7 94.3 63.3 1.67

(5 Mares)

Difference (treated - control)

+2.6 -0.8 - - -46* -0.16

IE. coli, 2Aetinobacilluseguuli, 3veast *P<0.02

The age of the barren mares in the two groups
ranged from 4 to 21 years. The mean age of the control
group of barren mares was 9.7 years, while the average
age of the treated group of barren mares was 12.3 years
2.6 years older, on the average, than the control group.
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The microscopic evaluation and category
specification was made utilizing the procedures
described by Kenney.(6) The microscopic evaluation
placed four mares from each group into Category II, and
two mares into Category I. The average rat i ng was
considered to be 1.7 for each group.

The days to breed i ng and concept ion fo 11 owi ng
January 1st are also presented in Table 2. Four of the
control and five of the treated mares conceived on the
first service. The mares in the treated group conceived
an average of 46 days earlier than the control group.
This decrease in the number of days to conception was
significant (P<O.02). In the control group, one mare
had to be bred three times before conceiving, while
another was bred four times before conceiving near the
end of the observation period. One mare in the treated
group was bred five times before she became pregnant,
but all of the others were bred after one service.

The results of the microbial cultures indicated
the presence of the following microorganisms from the
various locations: No.1 (control) had I. coli from the
cervix; No.7 (treated) had Actinobacillus eguuli from
the cervix; and No.8 had a yeast organism (possibly a
contaminant) obtained by uterine swab. These organisms
did not appear to alter the conception rates of any of
the mares in this study.

The mean values of the various blood parameters
including red and white blood cell components indicated
no dramatic abnormalities for any of the mares in either
the beginning or ending samplings.

The blood samples (taken initially and at the end
of the study) and uterine tissue samples taken at the
initiation of the study were examined by the scanning
electron microscope probe method adapted from the plant
tissue techn ique. (8) However, there were inherent
problems in making the transition from plant to animal.
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It became apparent that the results were not readily
reproducible. Consequently, these data were not
considered in the overall evaluation of this study.

The results of this field study utilizing a small
group of mares suggested that the amino acid chelates
shown in Table 1 are beneficial in inducing ovulation
and earlier conception rates, since the treated group
averaged 46 days earlier conception than the control
group which was significant (P<O.02).

These findings are similar to the results obtained
in a study previously conducted in cattle. (7) The
mechanism for this improvement in reproductive
efficiency has not been determined. However, the
mi nera1 components in the ami no ac id che1ate used in
both studies are primarily involved with enzymatic
processes in the body. These results suggest that the
process of chelating minerals with amino acids produces
compounds which, after ingestion, are more effective at
the tissue or cellular level than equavalent amounts of
the inorganic forms of similar minerals.

The results of this field study in mares should
provide initial data for designing larger studies to
determine the mechanisms involved in improving
fertility. Any beneficial effects made towards
improving reproductive efficiency in mares should be
considered to be economically helpful to the equine
industry.
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Chapter 25

COPPER-RESPONSIVE EPIPHYSITIS AND
TENDON CONTRACTURE IN A FOAL

Susan Hildebran
Wapakoneta, OH

John Hunt
Sugar Creek Veterinary Service, Greenfield, IN

Editor's Note: The following case study represents the
benefits of copper supplementation for the reversal of
epi physi t is and tendon contracture. Interrupted
supplementation in the study affirmed the positive
effects of dietary copper. The paper is reprinted here
through the kind permission of Modern Veterinary
Practice Magazine. It originally appeared in Volume 67,
March, 1986, pages 268 to 270. Tables 1 and 2, which
were not part of the original text, present the formulas
for Equine Organic Iron Supplement and Replamin Extra
Breeder Pac, respectively, which are mentioned in the
text.

A Thoroughbred filly exhibited firm swellings
proximal and distal to the front fetlocks following
periodic lameness and general stiffness (Fig 1). The
filly had always looked "not quite right", but never
manifested definitive clinical signs until 4 months of
age. The filly was slightly underweight and lethargic,
and had a poor appetite and a history of injuries and
respiratory infections. Radiographs confirmed extensive
epiphysitis, especially of the left front distal third
metacarpal bone (Fig 2).

400
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Figure 1. Characteristic
fetlocks in epiphysitis.

appearance of the
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Fi gure 2. Dorsopa1mar radi ograph of the 1eft front
fetlock of a 4-month-old filly shows epiphyseal
lipping (arrow) on the medial aspect of the distal
end of the third metacarpal bone.
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Copper deficiency was suspected because the filly
had subsisted largely on mare's milk during recent
illnesses. Treatment consisted of 42 mg chelated copper
from Equine Organic Iron Supplement (Albion), fed on 30
g/day, with 50 9 dicalciurn phosphate daily. [Table 1]

I Table 1 I
Equine Organic Iron Supplement

Per Kg Per Lb

Iron- 7.04 gm 3.2 gm
Copper- 1.40 grn 636.0 mg
Magnes i urn" 3.30 gm 1.5 gm
Zi nc" 8.80 gm 4.0 gm
Phosphorusb 49.94 gm 22.7 gm
Ca1ci urn" 49.94 gm 22.7 gm
Potass i umb 20.02 gm 9.1 gm
Iodinec 59.40 mg 27.0 mg
Vitamin E 2,200 IU 1,000 IU
Thiamine HCl 660.00 mg 300.0 mg
Riboflavin 704.00 mg 320.0 mg
Niacin 660.00 mg 300.0 mg
Pantothenic acid 880.00 mg 400.0 mg
Choline chloride 8.80 gm 4.0 gm
Vi tami n 812 11.00 mg 5.0 mg
Folic acid 220.00 mg 100.0 mg

- Mineral given as amino acid chelate.
b Mineral given as amino acid complex.
C Mineral given as potassium iodide.

The filly's appetite improved in several days, and
the animal became less stiff and more energetic. After
one month, the pasterns were more naturally angled, and
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all soreness was gone. Following 2 months of
supp1ementat ion, the fet lock shape was great1y improved,
and the pastern angl es were normal. The fi 11 y was
energetic and completely normal by the third month.

Feeding of the copper supplement was discontinued
after 4 months, dropping the daily copper intake from
175 ppm to 23 ppm. Other minerals were available ad
libitum, but the filly did not eat them. Three weeks
after discontinuation of copper supplementation, the
pasterns became unnatura11 y upri ght. After 4 weeks
without extra copper, the filly suffered a sudden onset
of musculoskeletal pain, inapptance and lethargy.

Supplementation was resumed with a multivitamin
mineral preparation (Replamin Extra Breeder Pac:
Albion) at 30 g/day. [Table 2]

Table 2

Replamin Extra Breeder Pac

Crude Protein
Crude Fat
Crude Fiber
Magnes i umA

Potass i umb

Zi ncA

Iron A

ManganeseA

Copper"
Coba1til

10.00 %
2.50 %

11.00 %
5.60 %
4.00 %
1.42 %
1.00 %
0.70 %
0.40 %
0.008 %

.. Mineral given as amino acid chelate.
b Mineral given as amino acid complex.
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There was some improvement, but less than
anticipated. Because of inadequate labeling and
mi scommun i cat i on wi th the manufacturers' representat i ve,
the dose of copper was actually only 10% of the intended
therapeutic dose. Realizing the error, we reinstituted
use of the original Equine Organic Iron Supplement at 60
g/day to furnish 84 mg chelated copper.

The response was dramat i c. The pastern angl es
dropped 50 in 2 days and the filly was sound in 2 weeks.
After one month, the pasterns were normal and more
flexible than ever. At present, the filly appears
completely normal, though large for 15 months, and will
cont i nue recei vi ng the copper suppl ement unt i 1 fully
matured.

Copper is essential to many tissue functions,
especially formation of collagen, elastin, cartilage and
bone. Thus, growing animals are most susceptible to
deficiency. Whole-body analysis of horses shows that
copper content decreases wi th age. (I) Hepat i c copper
levels vary widely, but fetal livers contain an average
of 319 ppm, neonatal livers 406 ppm, livers of older
foals 172 ppm, and adult livers 31 ppm.(2) Because fetal
hepatic stores are high early in gestation, adequate
mineral nutrition throughout pregnancy is important.

Copper is an essential cofactor needed for normal
cross-link formation in collagen and elastin.(3) In
other species, impaired cross-linking in collagen and
elastin associated with copper deficiency has caused
bone di sorders, 1ameness and weak arteri es. Reduced
serum copper levels have been correlated with fatal
uteri ne artery ruptures. (4) A defi nit i ve study of copper
status of horses dying of aortic rupture is needed.

Horses are less susceptible to copper deficiency
and taxi city than are other spec i es, so few reports
exist in the literature. Toxicity was not produced in
horses fed copper at 791 ppm. (5) On 1and known to be
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copper deficient for cattle, mature horses showed no
signs of copper deficiency; however, foals had enlarged
joints and reduced pastern and fetlock angulation.(6)

The recommended level of dietary copper is 9 ppm;
however, growing horses may have higher requirements.
The actual amount of available copper depends on the
source and on interaction with other elements, such as
zinc, iron, cadmium, molybdenum and sulfur. High
dietary levels of molybdenum enhance copper excretion,
thus raising the requirement. Rachitis in foals and
yearl ings was 1inked to a high molybdenum level (5-25
ppm) in herbage that interfered with utilization of both
copper and phosphorus.(7) Zinc toxicity also causes
secondary copper deficiency that does not respond to
copper therapy. Advanced osteochondrosis lesions were
found in foals with low serum copper and high serum zinc
1eve1s. (I) Other invest igators have reported cases of
osteodysgenesis in foals that responded to calcium
copper edetate. (9.10)

Epiphysitis and tendon contracture are seen
frequently in horses in the midwestern u.s. Soils in
the area are low in copper, in addition to selenium and
iodine. Analysis of soil samples in this case had "low"
zinc levels but "good" copper levels. However, those
results were misleading. The soil copper level was 0.9
ppm, which is well below the worldwide average of 20
ppm, but slightly above the critical 0.5 ppm level.
According to one investigator, soil copper levels should
be between 5 and 150 ppm. (11)

Several factors likely contributed to copper
deficiency in this filly. Considering the low soil
copper level, grazing would have supplied minimal
amounts, espec i all yin a dry year, as was the case
during the dam's pregnancy. The scarce hay supply was
stretched with alfalfa pellets which may have been high
in molybdenum. In that copper absorption and retention
in ponies were inversely proportional to molybdenum
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intake, the filly may have been born with low hepatic
copper reserves. (12) The mare leaked colostrum for 2
days before foaling, which may have diminished the
supply of copper to the neonate. Colostrum contains
copper at 0.8 - 1.2 ppm, while copper levels in mare's
milk ranges from 0.15 to 0.4 ppm. (13)

The filly's subsistence on milk for 6 weeks while
sick and injured would have depleted its marginal
hepatic stores and precipitated pathologic changes in
the bones and tendons, with consequent clinical signs.
The filly exhibited pica, eating rotting wood and trace
mineral salt. Standard trace mineral salt contains
0.035% copper, which is insufficient to be therapeutic.
Generally, if a trace mineral salt is safe for sheep, it
contains too little copper for horses. There is a need
for mineral salt specifically formulated for horses.

In this case, the basic diet supplied copper at
17.5 ppm. With supplementation, it was 23 ppm initially
and 29 ppm during the second episode. It is important
to note that the chelated forms of minerals have much
higher absorption rates than do their inorganic salts;
copper absorption is improved 3-4 times with an amino
acid chelate.(14)

Epiphysitis can be caused by many factors, most of
which are not fully understood. As under-mineralized
bones are most likely to be deformed by compression,
mineral nutrition of the patient must be investigated,
especially for copper, calcium and phosphorus. An
excess, deficit or imbalance of calcium and/or
phosphorus can cause epiphysitis, and today with alfalfa
being fed, it is often difficult to supply sufficient
phosphorus.

Supplementation of dicalcium phosphate was
probably important to the filly's recovery, though no
attempt was made to differentiate its effect from that
of copper supplementation. Tendon contracture seems to
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respond to copper alone. In the past year over 20
horses I have treated have responded favorably to
various supplements of copper. This filly responded in
proportion to the amount of copper administered.

Copper supplementation for tendon contracture is
indicated before resorting to surgery. The rapid
amelioration of tendon contracture gives an indication
of response to dietary copper, often within a week.
Progress should be monitored through a series of
photographs and close observat ion. Naturally, early
treatment improves the chances of revers i ng damage.
Younger animals are more responsive than those nearing
maturity.

Research should define the copper requirement for
growing horses, so feeds can be more adequately
fortified with absorbable micronutrients, especially in
areas with deficient soils.
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Chapter 26

THE USE OF AMINO ACID CHELATES IN
RAINBOW TROUT OPEN-FORMULA DIETS

Harvey H. Ashmead
Albion Laboratories, Inc.

Paul Cuplin
Idaho State Department of Fish and Game

The major goal in a fish feeding program is to
match feed availability to the fish in such a way that
growth is maximized with a minimum of feed waste.
Because fish are fed in a water diet, the value of the
feed deteriorates rapidly as a function of the amount of
time the feed is in the water. Unconsumed feed in the
water is not only a loss of feed, but it also encourages
the growth of algae and bacteria. This reduces water
quality which will negatively affect the liveability of
the fish. TI )

Open-formula dry fish feed diets have been used in
the Idaho State Department of Fish and Game fish
hatcheries for many years. 2 Numerous diets have been
tested at the hatcheri es through vari ous i ngred ient
substitutions by production personnel. The purpose of
each modification has been to increase feed efficiency
and maximize the problems of feeding fish as cited
above.

Knowledge of the exact trace mineral requirements
for trout is far from complete, although advances have
been made. Trying to ascertain the exact requirements
is difficult for a variety of reasons including the
sources of the mineral. Certain sources of essential
minerals, such as zinc from galvanized metal, can be
very toxic to trout. Because minerals chelated to amino
acids have been reported to be less toxic than
equivalent amounts of the same metals as salts,(3) it
was decided to incorporate them in some of the standard
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trout diets being used and measure any resulting changes
in fish performance.

Previous research(2) has demonstrated that rainbow
trout which are raised in extremely soft water require
additional mineral supplementation in order to perform
as well as trout raised in hard water. Some of the soft
water from Idaho fisheries used to raise these trout
contains only 14 ppm of dissolved solids. Previous to
these studies, manganese sulphate, manganous oxide, zinc
oxi de and copper oxi de had been added to soft water
diets with varying degrees of success.

Previ ous experi ments wi th Cutthroat trout fry
diets have shown good results. Their diets included the
amino acid chelate formula shown in Table 1, at the rate
of 0.25% of the total feed. Thus, it was decided to try
this same chelate formula in this current study.

Table 1

Amino Acid Chelate Formula

Calcium'
Cobolt
Copper
Iron
Magnesium
Manganese
Zinc

41.15 %
0.20 %
0.62 %
8.23 %

41.15 %
.42 %

8.23 %

. Percentages are equivalent amounts of metals only,
although all all of the metals were supplied as
amino acid chelates.

Seven fish hatcheries were ultimately involved in
the study. During the first year of the study, however,
the diet of only one hatchery was modified to include
the above amino acid chelates. During the first year



The Use of Amino Acid Chelates in Rainbow Trout 415
Open-Formula Diets

the diet appeared to perform very well, but no tests
were conducted that would evaluate the contribution of
the amino acid chelated to the feed. It was determined,
however, that the amount of chelates supplemented was
safe. This was an important consideration because of
the potential for toxicity evident with so may forms of
mineral supplementation in rainbow trout.

The fo 11 owi ng year, seven hatcheri es were se1ected
to test the effects of the amino acid chel ates on
performance. The assessment cri teri a used were feed
conversion, mortality and chemical analysis of the fish
to determine absorption and metabolism of the minerals.
Each hatchery was divided into an experimental and a
control group. The diets of the two groups were the
same (Table 2) except that the experimental group
received the amino acid chelate formula (Table 1) at the
rate of 0.25% of the total feed.
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Table 2

Test Diet Incredient Formula

Percent

Ingredient

Herring meal
Blood flour (spray dried)
Soybean flour meal
Whey
Wheat middlings
Brewer's yeast
Kelp meal
Condensed fish solubles
Herri ng oi 1
Salt (iodized)
Amino acid chelates (Table 1)
Lignin sulfonate
Vi tami n concentrate(a)

Control

31
10
15
8
19
5
3
1
2

3.5

2.
0.5

Experimental

31
10
15
8
19
5
3
1
2

3.25
0.25

2
0.5

(a)(Analysis per 454 grams of vitamin concentrate)
Vitamin A 20,000 USP Units
Vitamin D3 3,600 IU
Ascorbic acid 200,000 milligrams
Vi tami n B12 20 mi 11 i grams
Choline chloride 250,000 milligrams
Biotin 600 milligram
D-Calcium pantothenate 50,000 IU
Vitamin E 60,000 milligrams
Folic Acid (without zinc folate) 3,000 milligrams
Niacin 100,000 milligrams
Pyridoxine hydrochloride 20,000 milligrams
Riboflavin 90,000 milligrams
Thiamine hydrochloride 90,000 milligrams

The chemical analysis for the total mineral
content of the feeds is shown in Table 3. The analysis
was determined by atomic absorption spectrophotometry.
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I Table 3 I
Mineral Contents of Control and Experimental Diets

Milligrams/100 grams

Diet Fe Mg Cu Mn Co Zn Ca

Control 8.5 278.0 1.0 2.8 0.06 5.5 2300
(actual)

Amino acid 2.0 10.0 0.015 0.010 0.005 2.0 10.0
chelates

(calculated)
Experimental 11.3 306.0 1.1 3.3 0.10 6.8 2030

(actual)

Equal numbers of rainbow trout were used in the
experimental and control groups as the starting numbers
of fish in each hatchery. The fish numbers were reduced
when the density, due to growth, exceeded one pound of
fish per cubic foot of water.

All of the fish were started on the fry feed shown
in Table 4. The quantity of the ration which was fed to
the fish daily was calculated by percent of body weight
and water temperature. As noted above, when excess
amounts of feed are provi ded, the unconsumed excess
quickly looses its food value. In order to avoid this
problem and obtain an accurate concept of the amount of
feed actually consumed, these calculations were
essential.
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I Table 4 I
Fry Feed Fornula

Ingredient Percent

Herring meal 69.0
Blood flour meal 7.0
Brewer's yeast 5.0
Oat flour 4.0
Lecithin 5.0
2250A - 300D feeding oil 3.0
Salt (NaCl iodized 0.01% potassium 3.0

iodide)
Condensed fish solubles 1.0
Vi tam; n prem; x(a) 0.5

(,J)See Table 2 for the vitamin formula

The feeding of the test diets, shown in Table 2,
commenced when the fish were large enough to eat size 2
fry feed.

It is reasonable to believe that the fish are
capable of absorbing minerals from the surrounding water
through their skin and gills as well as from the diet.
Consequently, the water from each hatchery was assayed
for its m; nera1 contents by atom; c absorpt; on
spectrophotometry. The results are shown in Table 5.
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I Table 5 I
Mineral Content of Fish Hatchery Water

Milligrams/100 Grams

Hatchery Fe Mg Cu Mn Co Zn Ca

(A) 0 1.40 0 0 0 0.010 4.5
(B) 0 0.19 0 0 0 0.010 1.6
(C) 0 4.30 0.01 0 0 0.026 5.0
(D) 0 0.82 0 0 0 0.002 2.3
( E) 0 9.60 0 0 0 0.400 3.3
(F) 0 0.48 0 0 0 0.010 2.0
(G) 0 2.10 0 0 0 0.006 4.6

During the course of the experiment, fish samples
were co11 ected and anal yzed on a month1y bas is. The
fish were each weighed, sacrificed, and then dissolved
in a mixture of 85% nitric acid and 15% perchloric acid.
The dissolved fish were then made up to volumes which
provided a standard concentration of each sample. After
appropriate dilutions with distilled and deionized
water, the samples were assayed for their mineral
contents by atomic absorption spectrophotometry. The
mean results of these fish assays are shown in Table 6.
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Table 6

Mean Minerai Composition of Fish Samples

Milligrams/100 Grams

Hat- Diet Feeding Fe Mg Cu Mn Zn Ca
chery Period in

Months

(A) Control 5 1.0 39.0 0.1 0.1 1.2 521
Experimental 5 1.0 37.0 0.15 0.1 1.6 537

(8) Control 5 1.5 32.0 0.07 0.1 1.3 490
Experimental 5 1.2 46.0 0.09 0.1 2.0 510

(C) Control 7 1.0 43.0 0.08 0.1 1.1 660
Experimental 7 1.5 51.0 0.11 0.3 1.1 553

(D) Control 1 3.0 33.0 0.1 0.1 1.12 560
Experimental 1 3.0 34.0 0.4 0.0 1.16 500

(E) Control 4 2.0 32.0 0.25 0.033 1.05 558
Experimental 4 1.66 32.0 0.26 0.050 1.31 571

(F) Control 4 1.2 38.0 0.04 0.3 1.0 820
Experimental 4 1.0 18.0 0.02 0.1 1.1 1,000

(G) Control 5 7.7 55.0 0.11 0.4 1.3 525
Experimental 5 2.1 55.0 0.11 0.2 1.3 495

Mean 2.5 38.8 0.11 0.16 1.15 590.57
± Control ± ± :t :t :t :t

S.D. 2.4 8.2 .06 .13 .10 114.53

Mean 1.6 39.0 0.16 0.12 1.37 595.14
:t Experimental :t :t :t :t :t :t

S.D. 0.7 12.7 .12 .09 .32 180.72

The analyses of these samples did not indicate any
statistical trend in metal deposition in the fish.
Furthermore, there does not appear to be a relationship
between the size of the fish and the mineral deposition.

The results of the fish performance are presented
in Table 7 along with feed conversions, mortality and
blood hematocri ts. The vari at ions between hatcheri es
were too great to evaluate statistically.
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I Table 7 I
Feed Corversion, Mortality and Hematocrlts of Raimbow Trout In Each Test
by Hatchery and Duration of Test for Control and Experimental Diets

No. of Fish No. Feed Lbs Fish Mortal-
Hat- at Beginning Months Conver- Feed Per Ity in Hema-
chery Diet afTest Tested sion* Lb Fish Percent tocrit

(A) Control 7,840 5 .84 1.85 6.4 30
Experimental 7,840 5 .73 1.60 4.5 32

(B) Control 16,000 5 .81 1.79 3.1 --
Experimental 16,000 5 .62 1.36 3.6 --

(C) Control 10,160 7 .60 1.33 0.4 31
Experimental 10,160 7 .65 1.43 0.5 33

(D) Control 14,658 5 .72 1.58 5.0 37
Experimental 14,658 5 .67 1.48 5.5 32

(E) Control 15,030 7 .55 1.22 0.6 33
Experi mental 15,030 7 .59 1.30 0.8 35

(F) Control 15,000 4 .84 1.86 1.9 36
Experimental 15,000 4 .86 1.89 2.1 30

(G) Control 1,400 6 .66 1.45 2.0 35
Experimental 1,400 6 .64 1.42 2.2 36

Mean Control .72 1.58 2.n 33.67
± ± ± ± ±

S.D. .12 .25 2.20 2.80

Mean Experimental .68 1.49 2.74 33.00
± ± ± ± ±

S.D. .09 .19 1.80 2.10

*Kg of feed per Kg of fish.

Mortality rates for the fish recelvlng the amino
acid chelates were slightly less, but not significantly
so. There was a1so no sign i fi cant difference in the
hematocrit percentages between the two groups of trout.
Feed conversion, on the other hand, was improved 5.9% by
the inclusion of the amino acid chelates in the diet.
It took 5.7% less feed to produce a pound of fish.

From the data in Table 6, it was evident that more
zinc could be deposited in the bodies of the fish after
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a few months of feeding. Several of the other metals
were a1so increased, but not as much. There was no
relationship between the metals in the water and the
metals deposited in the fish. The deposition of zinc
is, neverthe1ess, an important factor in the resul ts
shown in Table 7.

In a rapidly growing fish, the metal content in
the tissues, may be manifested as a lowering of metal
levels (rather than an increase) due to cell division,
water intake, and generally more active body metabolism.
A relationship between a greater amount of zinc
deposition in the fish and more efficient conversion of
pounds of feed to pounds of fish appears to be evident.
Zinc is essential for growth. Its level in the tissues
wi 11, to a degree, regul ate growth rates, (4) because
zinc is essential for protein synthesis.(S)

The addition of amino acid chelates, and
particularly zinc amino acid chelate, to the diets of
rainbow trout promoted greater growth rates and better
feed conversions.
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Chapter 27

THE USE OF ZINC AMINO ACID CHELATES IN
HIGH CALCIUM AND PHOSPHORUS DIETS OF

RAINBOW TROUT

Ronald W. Hardy and Karl D. Shearer
University of Washington

The dietary zinc requirement of rainbow trout fed
purifie? fiets has been reported to range between 15 and
30 ppm. 1 It has been reported that zinc deficiencies
in rainbow trout may result in poor growth, high
mortality, lens fata)acts, and reduced zinc levels in
certain tissues. 1,2,3 It has been demonstrated that
dietary zinc availability can be reduced by other
dietary ingredients or nutrients in fish diets. For
example, Ketola found that in a practical diet
containing high-ash white fish meal, 60 ppm of dietary
zinc was insufficient to prevent poor growth and
cataracts in ra i nbow trout. He a1so found that by
adding extra calcium, phosphorus, sodium, and potassium
to this diet, he increased the incidence and severity of
those cataracts. When dietary supplementation
containing 150 ppm of zinc was included in the whit~

fish meal diet, these problems were overcome. (4

Spinelli, et li., have reported that the availability of
dietary zinc in purified rainbow trout diets was reduced
when diet~rt levels of calcium and magnesium were
increased. 5

There is a trend toward increased incorporation of
certain fish that were previously used to make fish meal
into human food products, such as surimi. One result of
this trend is greater use of white fish meal in trout
feeds in place of fish meals made from whole fish, such
as herri ng. As noted above, the concentrat ions of
calcium and phosphorus are higher in the high-ash white
fish meals. This is of concern because high dietary ash
levels have been linked with the high incidence of
cataracts in salmon smelts, Q. Kisutch and Q.
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Tshawytscha, in Pacific Northwest salmon hatcheries.(6)
Therefore, this study was designed to examine the
effects of dietary supplementation with Ca3 (P04)2 (bone
ash) on whole body zinc levels of rainbow trout fed
purified diets. Three additional sources of zinc,
ZnS04 , zinc amino acid chelate and ZnS04-EDTA were used
at each dietary level of calcium phosphate
supplementation.

Groups of 125 rainbow trout, which had a mean
weight of 1.1 grams, were randomly distributed into
sixteen circular, polypropylene, indoor, 200-L tanks.
Each tank was serrated and supplied with 2.4 liters per
minute of constant temperature (15°C) dechlorinated city
water. A natural photoperiod was used. The fish in
each tank were bulk weighed and counted every 21 days
for a period of 84 days. At the conclusion of the
experiment, the fish in each tank were individually
weighed.

Twelve experimental diets based on NRC
requirements{]) were formulated and fed in a 3 x 4
factorial design. The basal diet, shown in Table 1, was
modified by adding Ca3 (P04)2' at the expense of dextrin
to produce diets containing 1% calcium and 0.9%
phosphorus (low calcium phosphate, 2% calcium and 1.5%
phosphorus (medium calcium phosphate), and 4% calcium
and 2.4% phosphorus (high calcium phosphate). Nine of
the diets were then fortified with 20 ppm of zinc as
either ZnS04 + 1,000 ppm of ethylenediaminetetraacetic
acid (EDTA) as seen in Table 2. Each diet was mixed,
pelleted by extrusion, and stored frozen at -20°C until
it was fed.
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Table 1

Composition of Experimental Diet

Ingredient

Vitamin-free casein
Gelatin
Pre-gelatinized wheat

starch
Carboxylmenthylcellulose
Dext ri na

Vi tami n premi xb

70% Choline chloride
Soybean oi 1
l-Methionine
l-Tryptophan
Ca3 (PO.)/
Trace mineral solutiond

Zinc supplement fl

Water

a Dextrin replaced as required by CaJ(PO.)2.

g/kg Diet

260.0
52.5
23.5

5.0
74.0, 62.0, 38.0

10.0
5.0
52.0
4.0
2.0

12.0, 24.0, 48.0
100 ml

Various (see footnote)
400 ml

(See footnote C below.)

b Vitamin premix supplied the following per kg diet: 141 mg O-calcium
pantothenate; 41 mg pyridoxine-HC1; 111 mg riboflavin; 293 mg
niacinamide; 17 mg folic acid; 57 mg thiamine mononitrate; 0.79 mg
biotin; 0.08 mg vitamin B12 ; 15 mg menadione sodium bisulfite; 668 mg
alpha tocopherol acetate; 8,800 I.U. vitamin A palmitate or acetate;
352 mg myo-inositol; 1,188 mg ascorbic acid; and 660 I.U. Vitamin OJ.

C Ca 3 (P04 )2: 2.4% added to diets 1-4, 4.8% to diets 5-8, 9.6% to diets
9-12

d Trace mineral solution supplied the following per kg diet: 27 mg Mn;
265 mg Fe; 9.7 mg Cu; 0.9 mg Co; 2,934 mg Mg; 10 mg I; and 5,995 mg Na

fl 20 9 Zn/g diet as: ZnS04 - diets 2, 6, 10; zinc amino acid chelate 
diets 3, 7, 11; ZnSO. + 1,000 9 EOTA/g diet - diets 4, 8, 12
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Table 2

Experimental Design and Diet Number for the 3 x 4 Factorial

Dietary Calcium Phosphate
Level (%)

Dietary Zinc Source 2.4 4.8 9.6

No supplemental zinc a 1 5 9
ZnSo4 (20 ppm zinc) 2 6 10
Zinc amino acid chelate (20 ppm) 3 7 11
ZnS04 + EDTA (20 ppm l;nc)b 4 8 12

a Basal diet contained 35 ppm Zn

b EDTA added at 1,000 ppm

The amount of feed which was supplied to the fish
was determined by the method of Buterbaugh and
Willoughby(S) using a hatchery constant of sixteen. The
trout were hand-fed four times per day with the feeding
rate being adjusted weekly based on projected growth.
Each week, the fish received seven days' rations in five
days.

The proximate and elemental compositions of the
samples of each diet and of the individual fish from
each dietary treatment were determined. This was
accomplished by collecting diet samples at the beginning
and again at the end of the experiment. At the
termination of the experiment (day 84), ten fish,
weighing within one standard deviation of the mean, were
se1ected from each treatment for e1ementa1 analys is.
Proximate composition was determined by using
convent iona1 procedures. (9) El ementa1 compos it i on was
determined using procedures described by Hardy, et ~.
(10) The digestible energy values were calculated using
values of 16.7, 33.5, and 8.4 KJ/g for protein, fat, and
carbohydrates, respectively (11)
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The analysis of variance was performed on final
weight and whole body zinc concentration data.(12)
Scheffe's test and Duncan's new multiple range test were
used to test for statistical significance (P<O.05)
between treatment means for the final weights and the
whole body zinc concentrations, respectively.(13)

The dietary supplementation with Ca3 (P04 )2
increased the ash, calcium, and phosphorus levels of the
diets and slightly decreased the calculated digestible
energy contents of the diets which are shown in Table 3.

Table 3

Ash, Calcium, Phosphorus, and Zinc Concentrations of
Experimental Di ets~,b

Dry Weight Basis

Diet % Ash % Calcium % Phosphorus Zinc (ppm)

1 5.7 1.1 0.9 36
2 5.3 1.1 0.9 65
3 5.1 1. 1 0.9 61
4 5.3 1.1 0.9 58
5 7.8 2.1 1.5 35
6 7.7 2.1 1.4 55
7 7.8 2.2 1.5 62
8 7.7 2.2 1.5 66
9 12.9 4.1 2.4 34
10 12.4 4.0 2.4 53
11 12.4 4.0 2.4 61
12 12.6 4.2 2.4 55

a Calculated digestible energy contents of the diets were: Diets 1-4,
14,677 KJ/kg; Diets 5-8, 14,477 KG/kg; and Diets 9-12, 14,075 KJ/kg.
Calculated values are presented for comparative purposes only

b All diets contained 50% moisture; however, 60% protein and 10.5% fat
were represented on dry weight basis, by analysis

The wei ght ga ins of the fi sh were not
significantly (P<O.05) affected by either the dietary
calcium phosphate level or the zinc supplementation,
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although there was a trend toward reduced growth in
groups of fish fed diets containing high calcium
phosphate. The mean weights of the fish fed diets
containing low, medium, or high calcium phosphate were
8.75 gm, 7.65 gm, and 7.30 gm, respectively. The
dietary zinc supplementation did not significantly
affect final fish weight (P<0.05). The mean values were
7.47 gm for fish fed diets supplemented with zinc
sulfate, and 8.50 gm for fish fed diets supplemented
with ZnS04-EDTA. Food conversion values averaged 0.89
(dry fOOd fed/wet fish weight gain) and were not
significantly affected by any dietary treatment. The
apparent zinc retention was reduced in a stepwise manner
at each level of dietary calcium phosphate
supplementation from 36% to 30% to 20% for low, medium,
and high cal ci urn phosphate supp1ementat; on. At each
level of dietary calcium phosphate supplementation,
similar apparent zinc retention values between dietary
zinc treatments were observed. These data are seen in
Table 4.
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Table 4

Final Weight, Feed Conversion Rates and Apparent Zinc
Retention of Experimental Fish After 84 Days

Final Food conversion Apparent Zinc
Diet ± SEM Weight a Rateb RetentionC (%)

1 8.7 ± 0.5 ab 0.97 36
2 8.5 ± 0.4 ab 0.93 35
3 8.8 ± 0.3 ab 0.77 47
4 9.0 ± 0.4 a 0.81 36
5 7.3 ± 0.3 ab 0.80 32
6 8.1 ± 0.4 ab 0.82 29
7 6.6 ± 0.3 ab 1.00 30
8 8.6 ± 0.4 ab 0.80 29
9 6.4 ± 0.3 b 0.95 22
10 7.4 ± 0.4 ab 0.92 19
11 7.6 ± 0.3 ab 0.85 18
12 7.8 ± 0.3 ab 1.08 19

a Initial weight 1.1 grams

b Food conversion rate - Food fed (Dry)
Weight gain (wet)

C Apparent zi nc retent ion = Final Zn/fish (gm)-initial Zn/fish (gm) x 100
(gm) Zn fed

Proximate composition of the rainbow trout was
similar between dietary treatments as shown in Table 5.
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Table 5

Proximate Composition and Calcium and Zinc Concentrations of
the Rainbow Trout at the End of the Experiment

Wet Weight Basisa

Diet %Moisture %Protein % Fat % Ash Ca In
(ppm) (ppm)

1 74.3 14.0 9.43 1.90 4,260 14.8
2 73.3 13.9 9.69 1.82 4,230 21.6
3 73.5 14.3 9.30 1.75 4,080 23.2
4 73.8 13.8 9.55 1.78 3,680 20.4
5 74.7 13.4 9.11 1.95 4,810 11.6
6 73.0 14.0 10.15 1.89 4,400 14.9
7 75.2 14.4 8.16 2.18 5,580 19.7
8 75.6 12.8 9.17 2.27 4,260 14.5
9 74.3 14.1 9.20 2.29 5,840 10.6
10 74.3 14.2 9.17 2.08 5,340 11.4
11 74.6 13.7 8.66 2.03 4,520 11.5
12 74.2 14.3 8.86 1.96 5,300 12.4

a Promixate values represent single analysis from pooled samples of ten
fish. Calcium and zinc concentrations are means of individual values
of ten fish.

Whole body zinc concentrations were significantly
affected by the dietary source of the zinc, as shown in
Table 6. Fish fed diets containing low calcium
phosphate without zinc supplementation had significantly
lower whole body zinc levels (P<O.05) than fish fed zinc
supplemented diets. The source of supplemental zinc did
not affect whole body zinc levels among fish fed diets
containing low calcium phosphates. Increasing the
dietary calcium phosphate levels appeared to reduce
whole body zinc levels in all the dietary groups except
in the group fed the diet supplemented with zinc amino
acid chelate. The feeding of the zinc amino acid
chelate resulted in greater zinc deposition in body
tissues than the other sources of zinc. Some
di fferences were noted between groups recei vi ng zinc
supplementation in the medium calcium phosphate diets.
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The zinc content of the fi sh wh i ch were fed diets
containing high calcium phosphate was not significantly
affected by dietary zinc supplementation, regardless of
the source. In trout fed diets which were supplemented
with zinc, the whole body levels were significantly
reduced (P<O.05) in those groups fed the high calcium
phosphate diets compared to the treatment groups of fish
fed diets containing low or medium calcium phosphate.

Table 8

Whole Body Zinc Concentration IJ./g Dry Weight 1: SEM) of the Rainbow Trout at
the End of the Experiment

Dietary Calcium Phosphate Levels (%)

Dietary zinc sources of
(20 p.g Zn/gm diet) 2.4 4.8 9.6

No supplemental zinc 57.4 :!: 3.5 bc 46.0 :!: 3.5 ed 41.4:!: 4.6 f
znso4 80.9 :!: 3.7 a 55.3 :!: 2.4 cde 44.5 :!: 3.0 f
zn amino acid chelate 87.6 :!: 2.0 a 79.5 :!: 3.2 a 45.3 :!: 1.4 e1
Znso4 + EDTA n.81: 3.0 a 59.3 1: 3.6 bc 47.9 1: 1.5 def

Values with the same letter are not significantly different (P <0.05)

Contrary to anticipation, there were no cataracts
observed in fish from any of the experimental treatment
groups.

Numerous studies on a variety of animal shave
shown that the biological availability of dietary zinc
inclusion of calcium to practical diets reduces the
absorption of zinc in swine(14,1S) and poultry.(16)
Pensack, et ~. reported that in purified diets, the
addition of calcium did not reduce zinc availability in
chicks,(17) but subsequent work showed that there was an
interaction between calcium and the phytic acid present
in the diet which resulted in decreased zinc
availability.(20,21) This reduction was believed to be
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due to absorption of zinc onto an insoluble calcium
phosphate complex which was then carried through the gut
and excreted. In support of this proposed model,
calcium phosphates have been shown in vitro to
precipitate from solutions when the solution pH is
increased from three to six. This pH change takes zinc
out of the solution, as well.(22)

Certain chelating agents have been shown to
improve zinc availability in diets containing zinc
complexing compounds. (23) For example, Vohra and Kratzer
found that chelates with zinc stability constants
between thirteen and seventeen were effective in turkey
poult diets.(24) The addition of EDTA to the diet has
increased zinc availability in eX8erimental diets
containing isolated soybean protein 25,26) and phytic
ac id(27) and a1so in pract i cal ch i cken diets. (28)

Data on trace element requirements and dietary
factors affecting their availability in fish are
beginning to accumulate. It was previously noted that
the zinc dietary requirement of rainbow trout was
between fifteen and thirty ppm in a purified diet. It
was also noted that the dietary zinc levels necessary to
prevent deficiency signs in rainbow trout was much
higher in diets which contained high-ash white fish
meal. There is a reduction in rainbow trout growth when
phytates are added to the diet, although there are no
data relating to their effects on zinc availability in
fish diets.

The analyses of the results of this present study
show that whole body levels of zinc were significantly
reduced in rainbow trout fed a purified diet containing
high levels of calcium and phosphate. This reduction is
presumably due to reduced zinc availability in the high
calcium phosphate diets. Efforts to increase zinc
availability by chelation were only partially
successful. Adding 1,000 ppm EDTA to the diets
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supplemented with ZnS04 did not result in any
differences in whole body zinc concentrations at any
dietary calcium phosphate level when compared to the
addition of ZnS04 alone. Weight gains were slightly
increased in the ZnSO~,-EDTA supplemented diets. This
was perhaps due to a oeneficial effect of EDTA on the
availability of some trace element other than zinc,
because our studies have been unable to measure any
effect on whole body zinc levels of EDTA supplementation
to rainbow trout diets containing soybean meal. On the
other hand, dietary supplementation with zinc which had
been chelated to amino acid chelates proved effective at
maintaining whole body zinc levels when the dietary
calcium phosphate level was increased from low to
medium. An additional increase in dietary calcium
phosphate to the high level significantly reduced whole
body zinc levels in all treatments, including the zinc
amino acid chelate. This suggests under that condition
there i s the need for higher 1eve1s of zinc
supplementation particularly in the more biologically
available amino acid chelate form. Under normal
circumstances, supplementing diets with a biologically
available amino acid chelate should insure an adequate
level of absorption of the zinc. If the zinc amino acid
chelate were 100% available, the whole body zinc levels
of rainbow trout fed diets containing high calcium
phosphate should have been higher in fish fed diet 11
compared to diets 10 or 12. Our observations of whole
body zinc concentrations and apparent zinc retention
indicate that the zinc absorption from zinc amino acid
chelate is reduced at a high level of dietary calcium
phosphate, or that the higher calcium-phosphorus levels
causes the absorbed zinc to be removed from the tissues
after deposition. More likely the latter scenario is
the case since it appears that there is little
interference of zinc absorpt i on and retent i on at the
lower dietary levels of calcium phosphate.

Despite the significantly lower whole body zinc
concentrations in the trout which were fed diets
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containing the high level of calcium phosphate, no
deficiency signs were observed. Ogino and Yang reported
that trout exhibiting zinc deficiency signs had whole
body zinc levels of between 28 to 32 ~g/g, dry weight,
compared to whole body zinc levels of 72 to 77 ~g/g in
fish which had been fed diets containing adequate
amounts of zinc,(1) and which were the levels that were
obtained with the zinc amino acid chelate except in the
case of high dietary calcium phosphate. It is possible
that the length of this present study was insufficient
to reduce whole body zinc levels in fish fed the high
calcium phosphate diets to the levels at which overt
deficiency sign would appear. The dietary calcium and
phosphorus 1evel s used in thi s experiment generally
covered the range of values reported to occur in
commercial fish feeds. Tacon and DeSilva have found
that the ranges of calcium and phosphorus in trout feeds
in Europe were 1.3 to 3.7%, and 0.9 to 2.8%,
respectively.(23) Commercial salmonid feeds in North
America typically have calcium and phosphorus levels
which range from 2.2% to 4.2% and 1.2% to 2.6%,
respectively. Thus, the deleterious effect of high
dietary calcium and phosphorus on the whole body zinc
concentration observed in this present study may also
occur in practical salmonid diets which contain high-ash
fish meal. In addition to high calcium and phosphorus,
many commercial fish feeds use ingredients which contain
significant amounts of phytic acid, and some forms of
fiber which may further reduce zinc bioavailability.
Therefore, the potent i a1 for reduct i on of zinc
availability in practical salmonid diets may be even
greater than was seen in this experiment. The general
approach to this problem in the past has been to
establ ish ingredient specifications for trout and salmon
diets that restrict the use of high-ash fish meal.
Practical considerations may force this approach to be
re-examined and allow the use of high-ash fish meals in
formulations as long as the trace element fortification
can be safely increased.
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THE EFFECTS OF IRON AMINO ACID CHELATE
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Iron amino acid chelate is a complex of iron from
a ferrous salt and amino acids from hydrolyzed protein.
Data from numerous sources have reported t~at iron in
this form is easily absorbed and util ized. 1) It has
been added to the feed of domestic animals with
excellent success. There are no data, however, relating
to its use in eels. Thus a study was devised to measure
the affects of iron amino acid chelate in the eel.

The eels were divided into five groups and placed
in tanks measuring 1.8 meters in width by 4.2 meters in
1ength and havi ng a depth of 0.6 meters. The total
volume of water in each tank was 4.5 cubic meters.

A stagnant water system was employed for the
culture in which the water temperature was maintained
between 24.6°C and 29.4°C.

All of the eels received the same standard feed
shown in Table 1 which assayed at 47.6% crude protein,
3.8% crude fat, 14.5% ash, and 8.4 %water.

440
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I Table 1 I
Standard Eel Feed Formula

White fish meal 67.00 %
Brewer's yeast 5.00 %
Potato starch 22.00 %
Skim milk 3.00 %
Ethoxyquin 0.015%
Vi tami n supplement (a) 2.00 %
Mineral supplement (b) 1.00 %

Crude protein 47.6 %
Ash 14.5 %
Crude fat 3.8 %
Loss on drying 8.4 %

(a) Vitamin supplement 3.0 gm
Vitamin B1-HCl 10.0 gm
Vi tami n 62 2.0 gm
Vi tami n B6 -HCl 40.0 gm
Nicotinic acid 14.0 gm
O-pantothenic acid calcium 200.0 gm
Inositol 0.3 gm
D-Biotin 0.75 gm
Folic acid 4.5 mg
Vi tami n B12 100.0 gm
Vitamin C 0.6 gm
B-Carotine (Food Additive) 2.25mg
Vitamin 0] oil (1 mg=40, 000 IU) 20.0 gm
Vitamin E 2.0 gm
Vitamin K] (menadione) 20.0 gm
p-Aminobenzoic acid 400.0 gm
Choline chloride Q-S
d-Cellulose 1,000 gm

(b) Mineral Supplement
Sodium Chloride (NaCl) 0.0 gm
Ca-Lactate (C 6 HlO06Ca. 5H2 O) 35.0 gm
MgS04 .7H2 O 150.0 gm
Ferric Citrate (FeC 6 Hs07 • 5H2 O) 25.0 gm
NaH 2 P04 .2H2 O 250.0 gm
KH 2 P04 320.0 gm
Ca (H2 P04 ) 2' H2 O 200.0 gm

990 gm

As stated above the eels were divided into five
groups. Group 1, the control group, received the
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standard feed shown in Tabl e 1. Group 2, the torul a
group, received the same standard feed except torula
yeast was subst i tuted for brewer's yeast. Group 3
received 60 ppm of iron as the amino acid chelate added
to the standard formula in Table 1. Group 4 received
the standard feed plus 150 ppm of iron as the amino acid
chelate. And finally, group 5 received the standard
feed formula shown in Table 1 plus 250 ppm of iron as
iron amino acid chelate.

The test period lasted 83 days, from June 28th to
September 19th. During that time measurements were made
every 21 days except the final measurement which was
made 20 days after the previ ous measurement. The
percentage of internal organs (liver and internal organs
except for kidney and heart) to the whole weight were
calculated. Blood tests were conducted for hematocrit,
hemoglobin, plasma proteins, and red blood cells.
Growth rates, feed efficiency and average body weights
as well as individual body weights and lengths were
determined.

The resul ts for feed effi ci ency and changes in
body weights are shown in Table 2. The groups receiving
the iron amino acid chelate generally grew faster,
weighed more and had better feed conversion/utilization
than the groups deprived of this amino acid chelate.
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I Table 2 I
Results of Culture (For The Entire Test Period)

1 2 3 4 5

Mean beginning body weight 49.6 49.6 49.6 50.1 50.1
(gm) (101) (101) (101) (100) (100)

Mean ending body weight 132.0 130.9 134.7 132.6 141.2
(gm) (95) (98) (97) (98) (100)

Growth rate (gm/day) 1.18 1.17 1.18 1.17 1.25

Total initial weight (gm) 5015 5012 5008 5011 5006

Total final weight (gm) 12882 13124 13476 13185 14119

Total weight increase (gm) 7867 8112 8468 8174 9113

Weight of feed given (gm) 11709.8 11311.3 11554.1 11565.4 11798.7

Feed conversion 1.61 1.53 1.56 1.55 1.49

Feed efficiency (%) 67.2 71.7 73.3 70.6 77.9

Protein efficiency (%) 135.0 142.2 147.1 144.6 162.2

Taking data from Table 1, Figure 1 shows the
changes in feed efficiency. Figure 2 looks at the
changes in total feed efficiency. Finally, Figure 3
examines the changes in average body weight.
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Figure 3. Changes in the mean body weight of the
eels.

Group 5, which received 250 ppm of iron from the
amino acid chel ate performed better than the other
groups. The feed efficiency of Group 5 was 13% higher
than the control group. The improved weight gain from
that same group was 15.8%. When these data are coupled
wi th a 7. 5% improvement in feed convers i on the iron
amino acid chelate becomes more important.

By taking the data which generated Table 1, the
growth curve equation for each group can be calculated
from the mean body weights and are as follows:

Group 1: BW (t) = 48.9 e x p (0.0123t
), (r2 = 0.992)

2: BW (t) = 49.2 e x p (0.0122t
), (r2 = 0.990)

3: BW (t) 49.4 e x p (0.0123t
), (r2 = 0.996)

4: BW (t) 49.5 e x p (O.0121 t
), (r2 = 0.996)

5: BW (t) 49.6 e x p (O.0129t
), (r2 = 0.996)
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The regression analyses of the above growth curve
equat ions were cal cul ated. It was found that the
differences among the groups were not significant
(according to the t-test). The reason may be that the
feed intake rate was different in each group. Even
though the feed intake rate in group 5 was lower than
that of the other groups, the growth rate was almost as
high as the other groups, which means that the feed
efficiency was commensurately higher.

Furthermore, since the feed intake and the number
of ee1s are somewhat different in each group, the
cumulative feed intake and cumulative increase of body
weight per eel up to the time of measurement are shown
in Table 3, and their relation is shown in Figure 4.

I Table 3 I
The cumulative feed intake (x) and the cumulative increase
of body weight (y).

1 2 3 4 5

x y x y x y x y x y

0 21 18.3 11.1 17.4 10.6 18.8 12.5 18.6 11.8 18.9 12.8
0 42 50.1 34.7 49.7 34.3 50.4 36.1 50.2 33.1 51.0 36.2
0 63 83.4 57.6 81.1 59.1 82.4 58.1 83.3 57.2 85.7 64.2
0 83 116.7 76.7 114.1 79.4 115.0 81.3 116.3 80.6 118.0 91.1
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The following regression equations were obtained
from the data generated in Figure 4.

Group 1: y = 0.669 + 0.149 x (r = 0.998)
2: y = 0.719 - 1.287 x (r = 0.999)
3: y = 0.712 0.479 x (r = 0.999)
4: y = 0.707 1.747 x (r = 0.999)
5: y = 0.792 0.308 x (r = 0.999)

A regression analysis of these equations were
made, and the regression coefficients were compared.
These data indicated that the slope of the regression
line of group 5 was significantly steeper than those of
the other groups. Thisslope represents the feed
efficiency, iron amino acid chelate containing 250 ppm
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and resulted in significantly improving the feed
efficiency (P<O.OS). Figure 4 suggests that this
beneficial effect appears early and continues to have an
effect as the iron amino acid chelate is fed over the
course of the production schedule.

The individual eels were weighed on August 9th,
30th, and September 18th. Their body weights are shown
below in Table 4.

I Table 4 I
The Mean Body Weight of Each Eel

Mean body we; ght ± s. D. (gm) (Coefficient of Variation)

August 9 1 83.94± 22.01 26.2 %
2 84.97 ± 20.96 24.7 %
3 85. 50 ± 25.88 30.3 %
4 83.19 ± 21.87 26.3 %
5 85.67 ± 23.84 27.8 %

August 30 1 110.67 ± 24.24 21.9 %
2 110.61 ± 28.98 26.2 %
3 109.43 ± 28.16 25.7 %
4 108.95± 23.74 21.8 %
5 114.21 ± 26.34 20.4 %

Sept. 18 1 132.97 ± 27.63 20.9 %
2 130.93± 27.64 21.1 %
3 134.91 ± 31.09 23.0 %
4 132 . 58 ± 25. 45 19.2 %
5 141.2 ± 29.43 20.8 %

The mean body weight of group 5 was found to be
greater than the mean weight of the eels in the other
groups at the final measurement on September 18th. The
coefficient of variation tended to reduce as the groups
matured. Thus, differences in somatic growth in the
individual eels became more uniform over time.

The amount of fat, the percent of weight of the
organs compared to the whole body, and the results of
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the blood tests are shown in Table 4. This table
compares those data at the beginning of the experiment
to the data obtained at the conclusion. All of the data
in Table 4 are the mean values plus or minus are
standard deviation.

I Table 5 I
Fat, Weight of Organs and Blood Tests (Mean ~ Standard Deviation)

IBeginning I 1 I 2 I 3 I 4 I 5

Body weight- (gm) 69.7 ~ 10.6 160.2 ~ 12.4 162.2 ~ 18.5 167.7 ~ 26.2 165.8 ~ 16.5 163.9 ~ 18.6

Overall length- (em) 36.2 :!: 1.5 46.5 :!: 1.6 46.7 :!: 2.1 47.8 :!: 2.9 47.4 :!: 1.5 47.5 ~ 1.78

Fat 1.46 ~ 0.09 1.59 ~ 1.0 1.6 :. 0.05 1.5 :. 0.1 1.6 :. 0.06 1.6 :. 0.06

Liver weight (gm) 1.14!:. 0.27 2.71!:. 0.37 2.4 !:. o.~ 2.6 !:. 0.5 2.5 !. 0.5 2.50 !:. 0.30

lWeight percent COlo) of 1.64:. 0.28 1.69:. 0.17 1.49 ~ 0.27 1.54 ~ 0.29 1.48 :. 0.17 1.54 ~ 0.24
liver

Weight of internal 2.19:. 0.33 4.39:. 0.88 3.96:, 0.36 4.22:!: 0.67· 3.84:!: 0.62· 3.49:!: 0.54a

organs (gm)

Weight percent rIo) of 3.10 ~ 0.52 2.73! 0.« 2.46! 0.20 2.46! 0.35 2.32! 0.33 2.15 ~ 0.37
internal organs

Hematocrit (%) 32.9 :: 2.38 31.4 :: 3.4 32.4 :: 2.0 34.7 :: 3.71 34.4:: 6.19 33.6:: 5.01

Hemoglobin (gm/dl) 7.8 ! 0.66 7.6 ! 0.6 8.4 ! 0.6 9.4 :. 1.04 9.3 :. 1.2 9.5 :. 1.1

Plasma proteins 6.6 :. 1.0 7.5 ! 1.1 7.4 ! 0.9 8.0 ! 0.6 7.9:. 0.6 7.5 ! 1.0
gm/dl)

- Mean values of eels tested.
Ia Significant at P<0.05

To illustrate the differences among the groups,
95% confidence intervals of each measurement are shown
in Fi gures 4 - 9. As can be seen in the fi gures,
significant differences occurred in the weights of the
internal organs and in the hemoglobin levels. The
weight percentages of the internal organs was smaller in
groups 4 and 5 than in group 1. Th is means that the
eels given feed with higher concentrations of iron amino
acid chelate tended to have lower intestinal organ as
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compared to total body weight. Muscul ar meat weight
would, therefore, be higher.

The hemoglobin levels of groups 3, 4 and 5, the
groups given iron amino acid chelate, were significantly
higher than groups 1 and 2, indicating that besides
affecting iron amino acid chelate promoted hemoglobin
synthesis in addition to the previously mentioned
effects.

2--r-------------------,

1.5

~

~u..

0.5

o
GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5

TEST GROUPS

Figure 5. 95% Confidence interval of average body
fat over the course of three successive weighing
periods.
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Figure 6. 95% Confidence interval of average of
weight of the internal organs as a percent of the
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successive weighing periods.

2,...---------------~
r--

""7" r-- ...--- r-:- .---

- 1.5
\ . . r---

.~ . .~ . 1\~ \ \\ ~ .. ~~
, \(1)

\' \ \ ~ ..:>

~
::J

\ \'
~'0 0.5 \. \. '"

~ ••C
\ 0' I~\

~:(1) \. r\\ .0 0~

(1)

a.

t-o.s
'(i)

~ -1

Group 1 Group 2 Group 3 Group 4 Group 5

Test Groups

Figure 7. 95% Confidence interval of average of
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Figure 8. 95% Confidence interval of average of
hematocri t over the course of three success; ve
sampling periods.
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Figure 9. 95% Confidence interval of average of
hemoglobin over the course of three successive
sampling periods.
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Figure 10. 95% Confidence interval of average of
pl asma proteins over the course of three successive
sampling periods.

These data demonstrate the val ue of provi di ng
growing eel 250 ppm of iron daily as the amino acid
chelate. Growth rates, body weights, and feed
efficiency were all statistically improved. Hemoglobin
levels were also improved.
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Chapter 29

SUMMARY AND CONCLUSION

H. DeWayne Ashmead
Albion Laboratories, Inc.

When a chelate is formed, a polyvalent metal (sucn
as Ca, Mg, Mn, Fe, Zn, Cu, or Co) forms a complex with
a ligand. In this complex, the ligand becomes the
electron donating molecule while the metal ion is the
electron acceptor. The term "chelate" was suggested by
Morgan and Drew(1) to describe these metal complexes in
which the metal atom is held by the ligand at more than
one point with the metal atom occupying a central
position within the complex as seen in the examples in
Figure 1. (2)

8
I

CH
s- C?Ha I/ I H.-CH 8-CHa H

zn ,/ I I 'd'N..._CH_COO·z'O-c ~o- / ~
o ~o R
I CYlnINI MIIND ACID CHB.ATD or DE 0
c~

/ CH. H 00, 0 I I /~ 0,elett. N HO---..C~C Cu \ ~o\
o 7 'cw. I T C

>C:O~N/~ H II ° I r
0'c~ I /C, / -VO...... M

/ " _ CH" ItO c~ ~ '"", '0
o c COPPa 'b ~. /'

U CHB.ATID TO IRON 'c
COIAI1 ~Iq AICOIIBIC ACID CHELATED ,
COORDINATED WITH EDTA (VITAilI. C) TO CITRIC ACID 0

Figure 1. Metals chelated with various ligands.
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Mellor has established two criteria that must be
met by the ligand in order to form a chelate: (1) the
ligand must possess at least two functional groups, one
of which is capable of donating a pair of electrons to
bond with the metal; and (2) the functional group
donating the electrons must be located in such a way
that a ring structure is forme~ rith the metal ion as
the closing member of the ring. 3

The quantitative measurement of the affinity of a
particular metal ion to complex with a l~~and is called
its formation or stability constant. Stability
constants can increase or decrease based on a variety of
conditions including, the valence of the metal, the
number of members formi ng the ri ng, the number of
ligands chelated to a single metal ion, the nature of
the ligand, the metal ion involved, etc. Table 1 shows
the electron, to the stability constant of the chelate.
A ligand with a higher stability constant will displace
a metal from a ligand with a lower stability constant.
For this reason EOTA chelates, as an example, are
poisoning because the EOTA, with its higher stability
constant, removes the heavy metal from the naturally
occurring chelates found in the body and which have
bound the intruding metal with lower stability
constants. (5)
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I Table 1 I
The Influence of Donating Electrons of a Ligand to the
General Strength of the Coordination Complexing

Complex Bonding Character Relative
strength

~O
++Metal

f..- O
The oxygen is mostly ionic. Generally

weak

~O
The nitrogen is covalent in nature, Relatively++Metal

f...- O and the oxygen is mostly ionic strong

~O Both of the bonds are covalent in Very
++Metal

f...- O
nature with sulfur displaying the strong
strongest bonding character.

As noted above, the nature of the ligand's
donating electrons will affect the stability constant of
a chelate. The metal ion being chelated will also
influence the bonding strength of the resultant chelate
because certa i n metal s preferent i all y choose certa in
donor atoms from the ligand. Consequently, depending on
the ligand and the metal ion, a chelate or a metal
complex can be formed with varying stability constants.
Table 2 summarizes these observations.(18)
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I Table 2 I
General Role of Metal ions in Complexes and Chelates in
Biological Processes

Na. K Mg,Ca, Zn,Cd, CU,Fe,Mo,
(Mn)* (Co) (Mn)

Bond Strength Weak Moderate Strong Strong

Biological Charge transfer, Trigger Hydrolysis, Oxidation-
Function ion gradients, reactions, pH control reduction

nerve conduction phosphate reactions
transfer

Preferred Donor
Atom in Ugand 0 0 N&S N&S

*Parenthesis indicate cations with dual or multiple characteristics

Vohra and Kratzer, (6) in their study of zinc,
proposed that the ability of a chelating agent to
enhance mineral availability depended upon the chelate
having a higher stability constant for the metal than
the metal binding substances in the animal's feed. they
theorized that if a highly stable chelate were formed,
then the mineral was protected from gastrointestinal
reactions and absorbed. Following absorption the metal
released from the metal-chelate complex. This implied
that the natural ligands in the body tissues must have
higher stability constants than the ingested chelating
agent in order to remove the metals.

When tested in vivo, the model of Vohra and
Kratzer as cited above(6J(ffd not work as reported by R.
F. Miller at a Delmarva Nutrition Short Course.'?) He
demonstrated that synthetic chelated forming high
stability constants that protected minerals in the gut
did not optimize mineral metabolism.(?) The formation
of such a chelate could be too stable making subsequent
degradation and release of the metal in the body for
physiological usage only occurred with inordinate
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difficulty. Frequently, an absorbed chelate having
these properties was excreted into the urine and lower
bowel still intact as the original molecule.

The late John Miller proposed that the role of the
chelate in nutrition was to protect the cation in the
gastrointestinal tract until it reached the site of
mineral absorption. At that point, he bel ieved the
chelate released the metal to the intestinal mucosal
tissue, at which time the metal was absorbed.(8) Using
iron as an example of the mineral and amino acids as
example ligands, this concept is illustrated in Figure
2. (9)

LUMEN

AMINO ACIDS

(CHELATING AGENTS)

<;.
FE+· FE· CHELATE --.-

~
PRECIPITATING LIGANDS

FE PRECIPITAT1~
~o
w
>
~<o
w
Z

INTESTlNAL CELL

FERRITIN

l' \
FE·· --+

(CH~TION) ~

APOFERRITI N

BLOOD

RED CELLS

DEPOT ..
CELLS ,

~

(CHELATION)

'-:.. TRANSFERRIN

.. URINE

Figure 2. Equilibrium binding and chelation
mechanism for intestinal regulation and control of
iron uptake with a mucosal directed, active
transport systems, assumi n9 that free metal s are
released at the mucosal membrane to luminal binding
agents.
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This model also has the inherent drawbacks which
were discussed above relating to the previous models.
It assumes that the binding proteins on the mucosal cell
membrane have higher stability constants than the
ingested chelate sources. Miller's model dictates this
to be an essential criterion for the removal of those
cations from the ingested chelates. The difficulty with
this model arises in the additional requirement that, if
they are to protect the minerals, the ingested chelates
must have higher stability constants than potential
precipitating ligands, which exist in the normal diet.
If the precipitating ligands were to have higher
stabi 1i ty constants than the ingested chel ates, then
they would naturally replace the chelating ligands. If
that were to occur, then the "protective" benefit
associated with the chelate would be lost. (With
certain chelating agents such as ascorbic acid, citric
acid and gluconic acid this removal of the metal by
ligands in the gastrointestinal which result in
precipitation of the metal-l igand product tract can
occur.) If the diagram in Figure 2 were an accurate
depiction of the intestinal absorption of amino acid
chelates of metals for the purpose of protecting the
meta1, then the stabi 1i ty constants of the bi nd i ng
proteins on the mucosal cell membrane would have to have
the potential of forming higher stability constants than
the precipitating ligands because the chelate has to be
protected form the precipitation ligands but still
release the metal to the binding proteins on the mucosal
membrane. If this were the case, there would be no need
for the "protective" action of the chelate because the
binding proteins on the mucosal membrane would be
capable of scavenging all necessary minerals from any
source and should form complexes that had higher stabil
ity constants than the precipitating ligands.
Absorption would occur with no difference between the
chelates and the non-chelated minerals.

The proceeding chapters throughout this book have
not supported such a hypothetical mechanism. It has
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been shown that there is a defi ni te metal absorpt ion
benefit when the respective polyvalent cations are
chelated with amino acids. The cumulative results
reported support an enhanced absorption of the intact
amino acid chelate over that of metal salts when both
are subjected to normal precipitating ligands in the
diet. The following in vivo data in Table 3 which were
reported by Ashmead using radioisotopes in amino acid
chelates and salts fed to experimental animals further
sustain this conclusion.(10)

I Table 3 I
Mineral Deposition in Animal Tissues Following ingestion of
Minerals from Various Sources (corrected counts/minute)

Tissue 45Ca1ci um 65Zi nc 59! ron 54Manganese

CaC1 2 AAC* ZnC1 2 AAC* FeC1 2 AAC* MnC1 2 AAC*

Bone 3682 5772 350 780
Muscle 614 1206 2.41 3.88 2 54 800 660
Heart 642 932 6.42 6.32 63 151 370 190
Liver 664 742 5.15 8.65 136 243 760 070
Brain 698 804 1.22 2.41 31 130 620 170
Kidney 686 730 5.45 8.55 2 327 470 600
Lung 676 648 720 330
Blood Serum 8 31 700 1797
RBC 18 13 742 2076
Whole Blood 27 44 .90 1.64 1335 4215

*Amino Acid Chelate

Because of the problems with the previous models,
Ashmead, et gl., proposed a different modfl to describe
the absorption of an amino acid chelate. 2 This model
operates via the identical intestinal pathway utilized
for the uptake of small pept ides. In the ami no ac id
chelates which have been properly formed, the molecule
bypasses the digestive actions of the acid and alkaline
environments of the stomach and intestines. The
gastrointestinal peptidase enzymes do not appreciably
affect it, and the stability constants of the amino acid
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chelates are higher than those of precipitating ligands
such as phytates, phosphates, etc. Thus, instead of
being degraded in the gastrointestinal tract or on the
microvilli of the mucosal cell, the chelate is presented
to the mucosa1 membrane and absorbed i ntact fro~ )the
lumen into the mucosal cell as shown in Figure 3. 2

,tM I NJ .Ale I 0 O'ELATE

Fi gure 3. The i ntest ina1 absorpt i on of an ami no
acid chelate.

The absorption of an intact amino acid chelate, as
shown in Figure 3, is, to a degree, dependent upon the
molecular weight of the chelate. To assume that a
chelate of any size could be absorbed, intact, through
the mucosal membrane is, of course, ludicrous. That
would be akin to thinking that an undigested portion of
liver could be absorbed into the intestinal cells,
i~tact because it contained chelated iron. The amino
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acid chelate must have a molecular weight of less than
1,500 da110ns to initially comply for intact
absorption. 2) Similarity to molecules recognized by
specific carriers also plays a part in the improved
bioavailability of the amino acid chelates as in the
case of dipeptide and tripeptide-like chelates being
similar to the small peptides which the mucosal cell is
already accustomed to. Larger molecules require
digestion before absorption, and digestion results in a
loss of the chelate benefits.

Once absorbed, the fate of the amino acid chelate
is varied. Because the amino acid chelate is a self
contained and protected organic molecule which is
compatible with biological processes, it can be
transferred, intact, into tissues and enter into many
metabolic processes without further degradation. This
is very evident in cases of amino acid chelates being
given to gestating animals. The amino acid chelated
mineral are transferred across the placenta and into the
fetus as intact molecules, because their size and form
is compatible with other small molecules which are
likewise, not impeded (i.e. sugars, amino acids, etc.).
The result is the offspring are born with higher tissue
mineral levels, including(hjgher hemoglobi? levels, when
iron amino acid chelates 13 are provided. 11)

The delivery of greater quantities of a particular
mineral to specific sites in the body is also evidence
of this intact absorption and translocation of the amino
acid chelates. Since minerals are utilized as essential
enzyme cofactors in many necessary systems of the body,
the resul ts of thi s predi spos it ion to greater absorpt ion
are evident in the marked improvements of those systems.
To illustrate, an enhanced immune response has been
demonstrated when an~mrls diets were supplemented with
amino acid chelates. 12 In another study, it was noted
that problems with infertility were significantly
reduced by providin~ pietary supplements containing
amino acid chelates. 13 In all of these above cited
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cases as well as others included in this book, the
higher deposition of the supplemented minerals within
the targeted tissue necess i tated that the ami no ac id
chelates be maintained as intact molecules in order to
effect the transfer rather then being broken and having
their metal components bound by standard transfer agents
in the body. The exact mechanism for the transfer of a
large quantity of a specific amino acid chelate to a
target tissue has not yet been defined. Nevertheless,
when equivalent amounts of metal salts are administered,
that portion which is absorbed is diffused throughout
the body and not concentrated in a specific tissue as
can occur with the amino acid chelate. The amino acid
che1ate, therefore responds to a separate and un ique
metabolism which is different from that of absorbed free
metal cations.

Besides being utilized as an intact amino acid
chelate, degradation of the chelate to the amino acid
ligands and the metal can occur in the tissue of usage.
Anderson demonstrated, while working with iron chelates,
that the iron binding capacity in~ was considerably
different from that in vitro. Consequently
degradation models developed in vitro may not be
applicable in the animal. For example, in vitro certain
che1ates do no degrade. But once absorbed they are
metabolized and function differently than in vitro
models would predict. This concept is clearly
demonstrated in numerous studies where feed conversion
rates are enhanced, and where greater weight gains are
achieved. In these cases, the amino acid chelate was
absorbed and subsequently delivered the mineral into the
body. Degradation occurred at the point where needed,
with the mineral from the absorbed amino acid chelate
bei ng incorporated into enzyme systems essent i a1 to
effect move immediate changes in the animal's
metabolism. These metabolic changes in the animal could
not have occurred if the chelate had not degraded thus
allowing the metal to become a co-factor in a specific
enzyme necessary to accomplish that metabolic function.
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The degradation of the absorbed amino acid chelate is
probably due to a higher stabi 1i ty constant for the
ligand portion of the enzyme which requires the metal
cation that the stability constant of the original
absorbed amino acid chelate. In the cells of the body,
the stability constant of the amino acid chelate is
frequent1y mod i fi ed by changes in pH as the che1ate
migrates a1rRss the membranes of the cell and its
organelles. 22 A pH change in the environment where a
specific enzyme ligand requires a cation could induce
the amino acid ligand to donate its cation and degrade
intracellularly.

There are millions of ligand molecules in an
animal's body. The absorbed minerals are found attached
to one, two, or many ligands (within the limits of
sterochemistry) in order to create the biological
systems essent i al for the 1i fe process. When
functioning in enzymes, which is generally where the
nutritionist sees the most radical changes in animal
performance as a result of mineral supplementation, the
absorbed mi nera1s become part of meta11 oenzymes and
metal-act i vated enzymes. The metal and the protei n
(which functions as the ligand) are covalently combined
in the metalloenzymes. Enzymatic activity is lost or
retarded when the metal is experimentally removed from
the protei n. In the case of the metal act i vated
enzymes, the metal and the protein ligand are reversibly
combined. In that situation, one metal may be replaced
by certain other metals which ~il~ block, accelerate or
retard the enzymatic activity. 15

Since these metal-conta in i ng enzymes represent
ultra-efficient biological catalysts that are produced
within living systems, the feeding of highly available
amino acid chelates generally results in greater enzrm~

synthesis and, hence greater enzymatic activity. 16

This results in significantly enhanced performance from
the animals.
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The bodies of animals also contain millions of
other unique protein molecules, besides those used for
enzymes, all of which are excellent ligands for metal
ions. The primary structure is probably the
polypeptide. These protein molecules form ternary
compl exes wi th the metal s then conferri ng enzymat i c
activity and becoming involved in the transport and
storage of other biologically active molecules.
Increased superoxide di smutase act i vi ty is one such
benefit rTs~lting from the intake of certain amino acid
chelates. 17

Normally, one would anticipate that greater
absorption of the mineral equates to greater potential
for toxicity. Toxicity is, to a degree, a function of
the 1igand that bi nds the mi nera1. In 1etha1 dose
studies, it was found that the amino acid chelates were
significantly less toxic than 1o~responding amounts of
metals in the form of salts. 19 Long term, multi
generation histopathological studies with amino acid
chelates produced ?o)abnormalities in the tissues of the
animals examined. 20 Thus, within the context of
nutritive practices, the amino acid chelates are
considered a safe source of highly available minerals.

In summary, Kratzer and Vohra wrote, "the dietary
requirement for a mineral may be greatly reduced by the
addition of a chelating agent to a diet. A practical
quest ion ari ses about whether one shoul d correct a
marginal mineral deficiency in a diet by adding the
mineral [as a salt], a chelate [as a ligand], or a
chelated mineral. While it might be possible to use the
chelate, or chelated mineral, it is a matter of relative
costs that will influence the decision. In most cases,
the cost of the mineral supplement itself( i~ less than
that of the che1ate or che1ated mi nera1." 21

The observations of these two professors is
correct, and as the data contained within this book
demonstrate, if the decision to use amino acid chelates
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or metal salts in animal feeds is based on a complete
assessment of economics, the decision must result in
choosing the amino acid chelates. Based on the
statistically analyzed animal performances, reported in
the pages of this book, the return on investment is far
greater wi th the ami no ac id che1ates when than for
comparable metal salts. Supplementing with amino acid
chelates is more cost effective, yielding greater
profits per unit spent.
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