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THE INFLUENCE OF MINERALS ON THE STABILITY OF PREMIX AND FEED COMPONENTS

There are many forms of mineral complexes available in 
the marketplace for use in animal nutrition; and these have 
(perhaps unfortunately) been generically entitled ‘organic 
trace minerals’ (OTM) by virtue of the fact that the trace 
elements in question are complexed or otherwise associated 
with organic molecules.

The chemistry of complexation or chelation as it is commonly 
known has created a great deal of confusion in the animal 
feed industry.  Terms such as metal amino acid complexes, 
metal amino acid chelates, metal polysaccharide complexes 
and metal proteinates abound, yet official definitions remain 
vague and unhelpful.  As an example, definitions of the most 
common organic trace minerals used in agricultural practice 
as laid down by the Association of American Feed Control 
Officials (AAFCO, 1998) are illustrated in Table 1.  

Table 1.  AAFCO definitions for organic mineral complexes.

Metal Amino Acid 
Complex

The product resulting from complexing of a soluble metal salt with an amino acid(s).

Metal Amino Acid 
Chelate

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.

Metal Polysaccharide 
Complex

The product resulting from complexing of a soluble salt with a polysaccharide solution.

Metal Proteinate The product resulting from the chelation of a soluble salt with amino acids and / or partially 
hydrolyzed protein.

Typically speaking, chelates are prepared by reacting inorganic 
mineral salts with, for example, enzymatically prepared 
mixtures of amino acids and small peptides, under controlled 
conditions.  Such amino acid and peptide ligands bind the 
metal at more than one point ensuring that the metal atom 
becomes part of a biologically stable ring structure.  Amino 
acids and protein digestion products such as small peptides 
are ideal ligands because they have at least two functional 
groups allowing for stable mineral bonding.  

Many different assertions are made as to the relative merits 
and suitabilities of amino acids versus peptides in forming 
mineral chelates, with an even greater number of arguments 
existing in relation to the so-called bioavailability of such 
products. 

Table 1.  AAFCO definitions for organic mineral complexes.



THE ROLE OF BOND STRENGTH ON OTM STABILITY

When trying to compare chelates or complexes on the basis 
of “which is best under this set of conditions”, one really needs 
to consider many different factors. However, it can be useful 
to compare products in terms of the strength of the bond 
between the mineral and the ligand using so-called stability 
constants.

These values can serve as a useful guide when comparing 
different bonding groups such as amino acids, dipeptides and 
tripeptides. In general, the higher the stability constant value, 
the stronger the bond between the mineral and bonding 
group. 

Most amino acids and peptides bind metal ions though either 
nitrogen, oxygen or sulphur atoms.  Individual amino acids 
exhibit a range of stabilities when complexed with different 
minerals and these can be assessed in a variety of databases.  
It is reasonable to expect that peptides which have a greater 
number of donor atoms and hence the potential to form a 
number of chelate rings when binding to a metal ion would 
have higher bond strength than simple amino acids such as 
glycine.  .

Consider the data in the table below which compares a range 
of ligands when complexed with copper under the same 
physiological conditions.  For simplicity, the stability values 
(log data) have been transformed and compared on a relative 
basis to that of glycine.  The molecular weight of each ligand 
is also indicated.

Bonding group Relative Stability 

Gly-Gly (150Da) 0.003 

Met (m.wt. 149Da) 0.5 

Gly (m.wt. 75Da) 1

His-Ser (m.wt. 260Da) 2.5 

His-Met (m.wt. 304Da) 2.5 

Gly-Cys (m.wt. 196Da) 21   

Gly-Lys (m.wt. 221 Da) 2818  

Tyr-Trp (m.wt. 385Da) 3235 

Ala-Lys (m.wt. 238Da) 9549 

Tyr-Lys (m.wt. 327Da) 186208 

EDTA 5.6 x 1010 

Source:

1. Stability Constants, Determination and Uses,  
     Peter Gans.

2. Critically selected stability constants of metal  
     complexes, NIST Database 46.



What this indicates is that the size of the bonding group is 
not the most critical factor influencing bond strength and 
ultimately stability of a chelate. Claims of superiority based 
on size clearly have little merit. However, simply increasing 
the number of amino acids in a ligand may not increase the 
stability of the metal complex and thus may not necessarily 
increase the relative proportion of bound mineral. 

Ultimately, not only does the type of amino acid influence the 
stability of a given chelate but the position of amino acids in 
a peptide can also significantly influence how the ligand and 
mineral interact.

This is illustrated in Table 2, where it can be appreciated that 
most critical factors are the sequence and position of amino 
acids rather than the overall size. 

Bonding group Relative Stability 

Gly-Gly-Gly (m.wt 225Da) 1

Gly-Gly-His (m.wt. 305Da) 270

Gly-His-Gly (m.wt. 305Da) 8511

Table 2. Role of amino acid sequence on chelate 
bond strength and stability.  

The substitution of a histidine into the tripeptide Gly-Gly-Gly to yield Gly-Gly-His for instance enhances the stability value and 
thus the relative proportion of bound mineral (copper in this instance).  Furthermore, changing the position of this histidine 
within the tripeptide sequence (to form Gly-His-Gly for example) can result in a further increase in the bond strength and as 
such an increase in the proportion of bound mineral. 

In practical terms, simple changes in the configuration of amino acids in this tripeptide result in a greater proportion of 
bound mineral relative to free mineral and ligand. Essentially, mineral chelate stability can be significantly influenced by not 
only the type of amino acid but also the configuration of amino acids in a peptide sequence.  

From a production standpoint, it is important to note that the extent and type of hydrolysis of a protein source to form short 
chain peptides can very significantly influence the sequence of amino acids present in these peptides. The production of an 
‘optimal’ protein hydrolysate for mineral chelation can be effected through careful selection of the hydrolysis conditions. This 
ensures that the final mix of hydrolysed peptides will have the necessary properties to ensure constancy and mineral binding 
stability under conditions of changing pH.

Ultimately, the strength of bonding of an OTM is of paramount importance to its bioavailability.  During transit through 
the gastrointestinal tract (GI) tract and as the pH decreases or acidifies, all OTMs are subjected to physiological forces 
which can result in the bound mineral complex dissociating and releasing free mineral ions.  There are a number of 
negative consequences to this pH induced dissociation of OTMs. For instance, the charged free mineral ion can react with 
negatively charged plant components such as phytic acid which may be present in the GI tract or worse still can form so-
called hydroxides upon reaching the more alkaline environment in the intestine.  This can lead to the phenomenon of pH 
induced hydroxypolymerisation and result in precipitation of the mineral and thus lead to a very significant reduction in 
bioavailability. 



Essentially, complexes or chelates with low bond strength will not deliver the mineral to the sites of absorption in the 
intestine and reduce the effectiveness of the product to that of the corresponding inorganic salt.  We need to maximise the 
pH dependant stability of OTMs to increase mineral uptake in the intestine.  In essence, the higher the stability of an OTM, 
the greater it’s bioavailability is likely to be.

Increasingly, the agonistic and antagonistic effects of feed components have come under scrutiny, with choice of 
components gaining increasing importance in diet formulation. The possibility for negative interactions occurring between 
individual components within premixes and feeds is high and often overlooked.  

EFFECT OF MINERALS ON ENZYME ACTIVITY

Very little information is available comparing the potential 
antagonisms which can occur between different mineral 
sources and enzymes within premixes as well as the 
repercussions that this might have in terms of losing enzyme 
efficacy.

A recent peer reviewed study focused on assessing the 
potential in vitro interaction between inorganic and organic 
chelated sources of iron (Fe), zinc ( Zn) and copper (Cu) with 
three commercially available phytase preparations. The study 
also investigated if the degree of enzyme inhibition was 
dependent of the type of OTM used as mineral source. 

The authors demonstrated that a highly significant 
relationship between phytase inhibition, trace mineral type as 
well as mineral source and concentration existed. 

Figure 1. Dose–response curves representing the 
effect of Fe sources on P. lycii phytase activity.   

Proteinates were consistently and significantly less inhibitory than the majority of the other mineral sources assessed. An 
example of this is illustrated in figure Figure 1 which shows the inhibition of the phytase from Peniophora lycii by Iron.

Overall, different OTM sources displayed differential effects in their inhibition of exogenous phytase activity. This differential 
effect indicates that not all OTMs are created equal; moreover they all differ in terms of their stabilities, releasing mineral 
in a pH dependant fashion based on the pH in the local micro-environment.  The consequences that this mineral induced 
inhibition of enzyme activity has for premix and feed formulation are tremendous and go some way towards explaining the 
variation noted in supplementation response.

It may well be that the trend towards super-dosing of phytase activities in diets is an unintentional consequence of the 
negative interactions of premix components. 



EFFECT OF MINERALS ON VITAMIN STABILITY

Vitamin oxidation and antioxidant function is primarily 
caused by auto-oxidation of fats (a phenomenon which can 
be self propagating) or by trace minerals through Fenton 
type oxidising reactions.  

In trace mineral premixes, oxidation-reduction reactions 
are the predominant cause of vitamin instability. The type 
of trace mineral will influence its reactivity; copper, iron 
and zinc being the most reactive and having the greatest 
potential for vitamin destruction. The form that the trace 
mineral is presented in however has an even more significant 
role to play in influencing vitamin stability. 

A recent study (Byrne, 2015) illustrates these effects nicely. 
The study, which examined Vitamin E function following 
short term inclusion in mineral premixes containing either 
organic trace minerals, inorganic sulphates or a 50:50 
mixture of organic and inorganic minerals, demonstrated 
that inorganic minerals rapidly inhibited the anti-oxidant 
potential of Vitamin E. After a three week period, the 
inorganic mineral premix had lost 25%  percent of the 
Vitamin E activity (Figure 2). The use of organic minerals did 
not cause such a dramatic decrease and interestingly the 
50:50 blend of organic and inorganic minerals resulted in 
loss of vitamin function but not to the same extent as its fully 
inorganic counterpart.

This data demonstrates the importance of carefully choosing 
premix components.

Figure 2. Mineral induced inhibition of vitamin function

Additional research assessed the effect of iron source and 
concentration in reducing the efficacy of recognized feed 
antioxidants such as butylated hydroxytoluene (BHT).  
(butylated hydroxytoluene).  This study (Santos, 2014) 
compared inorganic sulphates to different organic mineral 
sources (glycinates, amino acid chelates, polysaccharide 
complexes and proteinates). The results established that the 
efficacy of commonly used antioxidants was compromised 
by the use of inorganic trace elements (Figure 3). The data 
further indicated that in some cases, organic trace elements 
also had a significant negative correlation with antioxidant 
activity (Figure 4).  Essentially, weakly bonded minerals may 
result in liberation of free mineral ions resulting in reactive 
oxygen species generation which leads to greater oxidation 
and a reduction in the efficacy of feed antioxidants such as 
BHT.



Figure 3. Inhibition of antioxidant (BHT) efficacy by 
inorganic iron sources

Figure 4. Inhibition of antioxidant (BHT) efficacy by organic 
iron sources

Conclusions
Organic trace minerals have far less potential for reactivity 
compared to inorganic sources,sources; however different 
forms of organic trace mineral will react differently and 
cause greater or less inhibition of enzyme activity, vitamin 
stability and antioxidant function depending on source. 

Ultimately, diet formulators may well need to pay greater 
attention to their choice of individual component to 
minimize minimise the financial costs associated with 
negative interactions which could run to hundreds of 
millions of dollars. 
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