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Introduction 
 
Modern analytical techniques and instrumentation make it possible to accurately 

determine trace mineral concentration in feed and animal tissues. Unfortunately, 
however, such determinations provide no information on utilization of the minerals by 
animals. Utilization involves the concept of bioavailability and is critical in the selection 
of a suitable source of the mineral. In terms of trace minerals, bioavailability may be 
defined as the proportion of an ingested mineral that is absorbed, transported to its site 
of action, and converted to the physiologically active species (O’Dell, 1983). 
Traditionally, trace mineral bioavailability studies have been conducted at deficient 
dietary levels, usually with purified or semi-purified diets. The mineral sources are then 
added at graded levels and response criteria measured. In general, the bioavailability of 
a mineral element in a particular source is determined relative to its functional 
availability from a standard source. Use of a standard source allows expression of 
bioavailability in terms of relative biological availability (Miller, 1983). Bioavailability can 
be affected by a number of factors including animal species, physiological state, 
previous nutrition, interactions with dietary nutrients and ingredients, choice of response 
criteria, choice of standard source, and chemical form and solubility of the mineral 
element. For more detailed information on the effects of each of these variables and 
their effects on specific minerals the reader is referred to a recent Academic Press 
publication on bioavailability of nutrients for animals by Ammerman et al. (1995).   

 
A new method to determine bioavailability of mineral elements was developed at 

the University of Florida, and described in detail by Henry et al., (1987). With this 
method, tissue uptake of the mineral element following high-level, short term 
supplementation is used as the criteria to determine bioavailability. This method 
appears to offer several advantages over the traditional approach including use of 
natural diets which are less expensive, and which allow the animals to grow to their 
maximum genetic potential. Other advantages cited include fewer concerns with respect 
to mineral contamination of diets and tissues, and the fact that it takes fewer animals to 
detect statistically significant differences. This new method has proven to be as effective 
as the traditional method in determining copper and zinc bioavailability from inorganic 
and organic sources of copper and zinc. 
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Traditionally, trace minerals have been added to livestock diets to supply the 
animal’s requirement for these minerals. Supplementing diets with trace mineral mixes 
is a common practice in the industry since it is assumed that diets may not always 
contain adequate amounts of minerals to meet requirements, or the trace minerals in 
feed ingredients may not be in a form that is biologically available to the animals. 
Initially, diets were supplemented with inorganic sources of the mineral elements. 
However, recently organic mineral sources have begun to gain popularity because of a 
number of perceived benefits to their use. In a recent review, Miles and Henry (1999) 
listed the following perceived benefits reported in the popular press: 1) the ring structure 
protects the mineral from unwanted chemical reactions in the gastrointestinal tract; 2) 
chelates easily pass intact through the intestinal wall into the blood stream; 3) passive 
absorption is increased by reducing interactions between the mineral and other 
nutrients; 4) the mineral is delivered in a form similar to that found in the body; 5) 
chelates are absorbed by different routes than inorganic minerals; 6) each mineral in the 
chelate facilitates the absorption of other minerals in the chelate; 7) chelates carry a 
negative charge so they are absorbed and metabolized more efficiently; 8) chelation 
increases solubility and movement through cell membranes; 9) chelation increases 
passive absorption by increasing water and lipid solubility of the mineral; 10) chelation 
increases stability at low pH; and 11) chelates can be absorbed by the amino acid 
transport system. It remains to be seen how many of these perceived benefits will be 
validated experimentally.  Trace mineral bioavailability from inorganic sources of the 
elements has been extensively reviewed by Ammerman et al. (1995), and therefore, will 
not be covered in any detail in this review. The current presentation will be limited to a 
discussion of factors that influence bioavailability, potential applications for organic 
copper and zinc sources, and a brief discussion of trace mineral antagonists of practical 
significance to ruminants. 

 
AAFCO DEFINITIONS 

 
Mineral products that can be sold in the United States as organically bound 

compounds are defined by the Association of American Feed Control Officials (AAFCO, 
2000) as follows: 1) Metal Proteinate (57.23) is the product resulting from the chelation 
of a soluble salt with amino acids and/or partially hydrolyzed protein. It must be declared 
as an ingredient as the specific metal proteinate e.g. copper proteinate, zinc proteinate 
etc.; 2) Metal Polysaccharide Complex (57.29) is the product resulting from complexing 
of a soluble salt with a polysaccharide solution declared as an ingredient as the specific 
metal complex e.g. copper polysaccharide complex, zinc polysaccharide complex etc.; 
3) Metal Amino Acid Chelate (57.142) is 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. The minimum 
metal content must be declared. When used as a commercial feed ingredient it must be 
declared as a specific metal amino acid chelate e.g. copper amino acid chelate, zinc 
amino acid chelate etc.;  4) Metal Amino Acid Complex (57:150) is the product resulting 
from complexing a soluble metal salt with an amino acid (s). Minimum metal content 
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