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Not all organic trace minerals (OTMs) are equally able 
to enhance mineral absorption. As such, it is useful to 
evaluate the relative bioavailability of different mineral 
sources utilizing different methods. Historically, this 
has been done by measuring mineral levels in the 
tissues like the liver or a bone. Certainly, these types 
of experiments generate useful data, but tissue 
mineral levels are not the only marker for mineral 
bioavailability. 

Tissue mineral experiments have some limitations. 
First, tissue mineral experiments measure only a 
fraction of the mineral that is taken up by the animal. 
Minerals are absorbed by the small intestine, and 
then distributed via the bloodstream to other tissues. 
Therefore, tissue mineral levels only measure the 
mineral that is distributed to those particular tissues 
and, as such, may not reflect total mineral uptake. 
A second limitation is tissue mineral levels actually 
represent a storage pool of the mineral, rather than 
the total amount of mineral delivered to that particular 
tissue. Tibia zinc, for example, measures the amount of 
zinc that has entered the tibia, less the amount of zinc 
that has left. Ideally, a true measure of bioavailability 
would reflect just the amount of minerals that have 
been delivered to a particular tissue. 

Finally, tissue mineral levels can be a slow marker to 
change, often requiring substantial delays in evaluating 
the relative bioavailability of different mineral sources. 
Another method for estimating bioavailability is 
to measure the expression of mineral-responsive 
biomarkers in the animal, preferably in the small 
intestine where minerals are absorbed. Metallothionein 
(MT) is such a biomarker, because its expression is 
regulated by zinc status. When zinc is absorbed by a 
cell, it must be bound up quickly into protein, because 
free zinc can be toxic. The cell, therefore, responds 
to zinc uptake by synthesizing MT mRNA (as an 
intermediate) and then MT protein. The MT protein is 
then able to bind to the zinc, until it is needed by other 
enzymes in the cell. 

Furthermore, research has shown that in many tissues 
from a wide variety of species, MT mRNA and protein 
expression increase when more zinc is taken up, and 
decrease when less zinc is taken up (Figure 1). As such, 
MT mRNA or protein expression are widely used as 
indicators of the zinc status in humans and animals and 
to evaluate the bioavailability of different zinc sources.

Novus International, Inc., has developed patent-
pending, real-time polymerase chain reaction (RT-PCR) 
assays to measure the expression of MT mRNA, as a 
marker for both zinc status and bioavailability. 
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Figure 1. Zinc Absorption Induces 
Metallothionein Expression 

Not all organic trace minerals (OTMs) are equally able to 
enhance mineral absorption. As such, it is useful to evaluate 
the relative bioavailability of different mineral sources 
utilizing different methods. Historically, this has been done by 
measuring mineral levels in the tissues like the liver or a bone. 
A variety of poultry trials have demonstrated greater tibia 
zinc and manganese in birds fed MINTREX® chelated trace 
minerals than in birds fed other inorganic or organic forms.1,2,3 
Certainly, these types of experiments generate useful data, 
but tissue mineral levels are not the only marker for mineral 
bioavailability. 

Tissue mineral experiments have some limitations. First, tissue 
mineral experiments measure only a fraction of the mineral 
that is taken up by the animal. Minerals are absorbed by the 
small intestine, and then distributed via the bloodstream to 
other tissues. Therefore, tissue mineral levels only measure 
the mineral that is distributed to those particular tissues and, 
as such, may not reflect total mineral uptake. 

A second limitation is tissue mineral levels actually represent 
a storage pool of the mineral, rather than the total amount 
of mineral delivered to that particular tissue. Tibia zinc, for 
example, measures the amount of zinc that has entered 
the tibia, less the amount of zinc that has left. Ideally, a true 
measure of bioavailability would reflect just the amount of 
minerals that have been delivered to a particular tissue.

Finally, tissue mineral levels can be a slow marker to change, 
often requiring substantial delays in evaluating the relative 
bioavailability of different mineral sources.

Another method for estimating bioavailability is to measure 
the expression of mineral-responsive biomarkers in the 
animal, preferably in the small intestine where minerals are 
absorbed. Metallothionein (MT) is such a biomarker, because 
its expression is regulated by zinc status. When zinc is 
absorbed by a cell, it must be bound up quickly into protein, 
because free zinc can be toxic. The cell, therefore, responds 
to zinc uptake by synthesizing MT mRNA (as an intermediate) 
and then MT protein. The MT protein is then able to bind to 
the zinc, until it is needed by other enzymes in the cell. 4, 6, 13, 14 

Furthermore, research has shown that in many tissues from 
a wide variety of species, MT mRNA and protein expression 
increase when more zinc is taken up, and decrease when less 
zinc is taken up (Figure 1). As such, MT mRNA or protein 
expression are widely used as indicators of the zinc status 
in humans and animals and to evaluate the bioavailability of 
different zinc sources.4, 5, 6, 7, 8, 9, 10, 11

Novus International, Inc., has developed patent-pending, real-
time polymerase chain reaction (RT-PCR) assays to measure 
the expression of MT mRNA, as a marker for both zinc status 
and bioavailability.
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As zinc enters the cell, MT mRNA and protein are produced 
(Figure 1A). When dietary zinc levels increase, or a more 
bioavailable source of zinc is fed, more zinc will be absorbed. 
This greater absorption will drive the expression of more MT 
(Figure 1B).

Figure 1. Zinc Absorption Induces Metallothionein 
Expression
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As zinc enters the cell, MT mRNA and protein are 
produced (Figure 1A). When dietary zinc levels increase, 
or a more bioavailable source of zinc is fed, more zinc 
will be absorbed. This greater absorption will drive the 
expression of more MT (Figure 1B). 

In a recent trial, 30 dairy cows were fed a common 
basal diet, with zinc, copper and manganese levels 
approximating NRC recommendations. After 3 weeks 
on this diet, liver biopsies were taken to measure basal 
MT expression (time = week 0). The cows were then 
switched to three treatment groups. The first group 
stayed on the control diet, whereas the second and 
third groups were supplemented with an additional 
320 mg zinc, 150 mg copper and 130 mg manganese 
per head per day, either from specific amino acid 
complexes (SAAC) or from MINTREX chelated trace 
minerals. Liver MT expression was measured again 
after one week on the treatment diets (week 1) as 

an indicator of mineral (primarily zinc) uptake. MT 
induction from week 0 to week 1 was then calculated 
for each group of cows (MT levels at week 1 divided 
by MT levels at week 0). The control cows would not 
be expected to increase MT expression from week 0 
to week 1, because their mineral levels and sources 
remained constant. While the control cows exhibited 
no change in MT expression (Figure 3; a fold induction 
of 1 indicates no change),12 the SAAC and MINTREX 
cows would be expected to have elevated MT levels, 
reflecting the increased mineral uptake associated 
with these diets. In fact, the SAAC cows did exhibit 
an increase in MT expression, but this increase was 
not statistically significant (P>0.2). Only the cows fed 
MINTREX organic trace minerals demonstrated a 
significant increase in liver MT (P=0.02). As with the 
broiler experiment, these data suggest greater mineral 
bioavailability with MINTREX than other mineral 
sources.

Metallothionein mRNA studies represent another step 
in evaluating relative zinc bioavailability in production 
animals. Induction of MT expression is rapid, 
reproducible and measurable in a variety of tissues, 
including the small intestine where mineral absorption 
occurs. Furthermore, MT expression can discriminate 
between different levels and sources of zinc. Finally, 
these assays demonstrate that Novus trace minerals, 
are more bioavailable than other inorganic and organic 
sources.
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Figure 2. MT Assay Shows Highest Absorption with 
Novus Chelates

In a recent broiler trial, the bioavailabilities of zinc sources were 
compared to each other and to a zinc-deficient control diet by 
measuring small intestinal MT as the marker for bioavailability.

First, all birds were fed a zinc-deficient grain sorghum-soy 
control diet for 20 days. The birds were then switched to a 
corn-soy treatment diet, which consisted of a zinc-deficient 
control (29 ppm Zn from ingredients), or that same control 
diet formulated to contain an additional 70 ppm Zn from 
either zinc sulfate, a zinc amino acid complex (Zn AAC), zinc 
proteinate, zinc amino acid chelate (MAAC® Zn) or a zinc 
HMTBa* chelate (MINTREX). Small intestinal MT expression 
was measured two days after the switch to treatment diets. 
Whereas zinc sulfate, zinc AAC and zinc proteinate only 
numerically increased MT expression versus the control, 
animals supplemented with MAAC Zn and MINTREX Zn 
expressed significantly greater MT than all other treatments 
(Figure 2). This result indicates that more zinc was being 
absorbed by the small intestine from MINTREX Zn and MAAC 
Zn than from the other sources. 

In a recent trial, 30 dairy cows were fed a common basal diet, 
with zinc, copper and manganese levels approximating NRC 
recommendations. After 3 weeks on this diet, liver biopsies 
were taken to measure basal MT expression (time = week 
0). The cows were then switched to three treatment groups. 
The first group stayed on the control diet, whereas the second 
and third groups were supplemented with an additional 320 
mg zinc, 150 mg copper and 130 mg manganese per head 
per day, either from specific amino acid complexes (SAAC) or 
from MINTREX chelated trace minerals. Liver MT expression 

was measured again after one week on the treatment diets 
(week 1) as an indicator of mineral (primarily zinc) uptake. 
MT induction from week 0 to week 1 was then calculated 
for each group of cows (MT levels at week 1 divided by MT 
levels at week 0). The control cows would not be expected 
to increase MT expression from week 0 to week 1, because 
their mineral levels and sources remained constant. While the 
control cows exhibited no change in MT expression (Figure 
3; a fold induction of 1 indicates no change),12 the SAAC and 
MINTREX cows would be expected to have elevated MT levels, 
reflecting the increased mineral uptake associated with these 
diets. In fact, the SAAC cows did exhibit an increase in MT 
expression, but this increase was not statistically significant 
(P>0.2). Only the cows fed MINTREX organic trace minerals 
demonstrated a significant increase in liver MT (P=0.02). 
As with the broiler experiment, these data suggest greater 
mineral bioavailability with MINTREX than other mineral 
sources.

Metallothionein mRNA studies represent another step 
in evaluating relative zinc bioavailability in production 
animals. Induction of MT expression is rapid, reproducible 
and measurable in a variety of tissues, including the small 
intestine where mineral absorption occurs. Furthermore, MT 
expression can discriminate between different levels and 
sources of zinc. Finally, these assays demonstrate that Novus 
trace minerals, MINTREX and MAAC, are more bioavailable 
than other inorganic and organic sources.
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Figure 3. Effects of Feeding MINTREX on 
Metallothionein Expression (MT) in the Liver
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In a recent broiler trial, the bioavailabilities of zinc sources were 
compared to each other and to a zinc-deficient control diet by 
measuring small intestinal MT as the marker for bioavailability.

First, all birds were fed a zinc-deficient grain sorghum-soy 
control diet for 20 days. The birds were then switched to a 
corn-soy treatment diet, which consisted of a zinc-deficient 
control (29 ppm Zn from ingredients), or that same control 
diet formulated to contain an additional 70 ppm Zn from 
either zinc sulfate, a zinc amino acid complex (Zn AAC), zinc 
proteinate, zinc amino acid chelate (MAAC® Zn) or a zinc 
HMTBa* chelate (MINTREX). Small intestinal MT expression 
was measured two days after the switch to treatment diets. 
Whereas zinc sulfate, zinc AAC and zinc proteinate only 
numerically increased MT expression versus the control, 
animals supplemented with MAAC Zn and MINTREX Zn 
expressed significantly greater MT than all other treatments 
(Figure 2). This result indicates that more zinc was being 
absorbed by the small intestine from MINTREX Zn and MAAC 
Zn than from the other sources. 

In a recent trial, 30 dairy cows were fed a common basal diet, 
with zinc, copper and manganese levels approximating NRC 
recommendations. After 3 weeks on this diet, liver biopsies 
were taken to measure basal MT expression (time = week 
0). The cows were then switched to three treatment groups. 
The first group stayed on the control diet, whereas the second 
and third groups were supplemented with an additional 320 
mg zinc, 150 mg copper and 130 mg manganese per head 
per day, either from specific amino acid complexes (SAAC) or 
from MINTREX chelated trace minerals. Liver MT expression 

was measured again after one week on the treatment diets 
(week 1) as an indicator of mineral (primarily zinc) uptake. 
MT induction from week 0 to week 1 was then calculated 
for each group of cows (MT levels at week 1 divided by MT 
levels at week 0). The control cows would not be expected 
to increase MT expression from week 0 to week 1, because 
their mineral levels and sources remained constant. While the 
control cows exhibited no change in MT expression (Figure 
3; a fold induction of 1 indicates no change),12 the SAAC and 
MINTREX cows would be expected to have elevated MT levels, 
reflecting the increased mineral uptake associated with these 
diets. In fact, the SAAC cows did exhibit an increase in MT 
expression, but this increase was not statistically significant 
(P>0.2). Only the cows fed MINTREX organic trace minerals 
demonstrated a significant increase in liver MT (P=0.02). 
As with the broiler experiment, these data suggest greater 
mineral bioavailability with MINTREX than other mineral 
sources.

Metallothionein mRNA studies represent another step 
in evaluating relative zinc bioavailability in production 
animals. Induction of MT expression is rapid, reproducible 
and measurable in a variety of tissues, including the small 
intestine where mineral absorption occurs. Furthermore, MT 
expression can discriminate between different levels and 
sources of zinc. Finally, these assays demonstrate that Novus 
trace minerals, MINTREX and MAAC, are more bioavailable 
than other inorganic and organic sources.
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