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Solving Challenges with the Best 
Trace Mineral Nutrition 

Hidden problems cost dairy producers money. 
Challenges with reproduction performance, higher 
somatic cell count, metabolic diseases, lameness and 
decreased milk production are just some examples of 
what can be signs of trace mineral deficiencies.
Trace mineral deficiencies negatively affect a dairy 
cow’s immune function and her natural ability to 
fight off infections. The deficiencies require the 
animal to metabolically compensate for the nutrient 
deviation. When that happens, the animal is challenged 
with metabolic disorders and depressed overall 
performance.

The challenge for nutritionists and dairy producers is 
that the deficiencies do not immediately impact health 
or milk yield. In fact, trace mineral deficiencies can take 
60 to 120 days to appear. It can take nearly as long 
for the cow’s body to return to normal. It is important 
to consistently feed a high plane of nutrition and an 
adequate amount of a bioavailable source of trace 
minerals because they are required for critical enzyme 
functions in the animal. Those enzyme functions are 
responsible for everything from connective tissue 
strength to reproductive system success to general 
immune system function.

Feeding highly bioavailable trace minerals can help 

maximize performance. MINTREX® chelated trace 
minerals from Novus International, Inc., promote 
optimum health and nutrition in dairy cows at all stages 
of life and production – from calf to replacement heifer 
and from transition through lactation.

Trace Minerals are Essential for Health and Production 
Proper trace mineral nutrition can lead to:
Trace Minerals Essential for Health and Production 
The National Research Council estimates that trace 
minerals such as copper, manganese and zinc have low 
natural bioavailability and absorption in the animal and 
must be supplemented, because they play key roles in 
many of the animal’s biological systems. 

Proper supplementation in dairy cattle feeding 
programs is essential to animal health and 
performance. A dairy cow’s requirements can be 
influenced by age, stage of production and stage of 
lactation. For example, dairy cattle are most susceptible 
to mastitis and other infections during the first two 
weeks after drying off, two weeks before calving and 
the first two weeks after calving. Proper attention 
to mineral supplementation during these times can 
significantly improve immune function.

Copper is important for red blood cell health, collagen 
development and reproduction. It can aid immune 
functioning in the prevention of mastitis and other 
infections and diseases. Deficiencies of copper have 
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been associated with retained placentas, embryonic 
death and decreased conception rates.
Manganese contributes to reproductive health. While 
pregnant, lactating cows require more manganese 
than do growing cattle. Deficiency signs include 
delayed ovulation, lower conception rates and calving 
difficulties.

Zinc is important in protein production and plays 
a role in immune development and response, cell 
growth, hoof and bone health as well as a defense 
against oxidative stress and damage. Additionally, 
zinc is important for production of keratin, which 
lines the inside of the teat duct and helps to keep out 
microorganisms that can cause mastitis.

IMPROVED OVERALL HEALTH
IMPROVED HOOF HEALTH
BETTER LOCOMOTION SCORES
INCREASED MILK YIELD
EARLIER DAYS TO FIRST ESTRUS
IMPROVED PREGNANCY RATES
BETTER WHITE BLOOD CELL FUNCTION
LOWER SOMATIC CELL COUNTS
FEWER INCIDENCES OF EARLY EMBRYONIC MORTALITY

All Trace Minerals are Not Created 
Equal

Formulated diets may include inorganic salts as sources 
of zinc, copper and manganese. The disadvantage 
of these inorganic trace mineral sources is that the 
mineral is unprotected from numerous chemical 
antagonisms and interactions with other components 
in the digestive tract. As a result, the mineral is bound 
preventing absorption and is then excreted. This can 
result in continued metabolic deficiencies or spending 
more than necessary to over-feed minerals; this 
also can disrupt bioavailability of a specific mineral 
and send wasted minerals into the environment. By 
delivering a source of trace minerals where the mineral 
is protected, stable across a range of pH environments 
and resistant to antagonisms, nutritionists can provide 
cows with optimal trace mineral nutrition and lower 
total trace mineral concentrations.

 Chelation Delivers Protected 
Minerals

Chelation is a process that chemically combines 
the trace mineral with a compound called a ligand. 
The ligand can be an amino acid or other organic 
compound. The mineral-ligand combination forms a 
ring structure, and the type of attachments between 
them are called coordinate covalent bonds. The goal 
of this type of bonding is to create a stable molecule 
to reduce antagonisms, allowing for more efficient 
delivery and uptake in the small intestine.

The chelated bonds in MINTREX minerals are stable 
and remain bound over the wide pH range found in the 
gastrointestinal (GI) tract (Figure 1). 

BioOPTIMIZED™ TRACE MINERALS 
DELIVER RESULTS WITH LESS

Only a small portion of inorganic mineral salts are 
delivered to the intestinal absorption sites; much is 
excreted into the environment. Therefore, a ration 
would have to be formulated with higher levels of 
minerals to ensure the cow is getting the required 
amounts. However, overfeeding can result in 
antagonistic chemical interactions that also make the 
mineral unavailable to the animal.

With BioOptimized™ Trace Minerals from Novus, 
animals benefit from improved efficiency without 
sacrificing performance. MINTREX chelated trace 
minerals are optimized for improved bioavailability. 
Because they offer greater bioavailability, a nutritionist 
can formulate less mineral in the diet and achieve more 
consistent performance than with other inorganic or 
other organic trace mineral sources. 

Three steps lead to a better mineral feeding 
program and provide the animal with the right 
amount of trace minerals without the waste:

1. Reduce current inclusion levels of inorganic trace 
minerals.
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2. Replace minerals with Novus BioOptimized Trace 
Minerals (MINTREX).

3. Reformulate your ration based on the greater 
bioavailability of BioOptimized Trace Minerals.

Figure 1. Computer Model of Degree 
of Chelate Stability in Solution
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1. Reduce current inclusion levels of inorganic trace 

minerals.

2. Replace minerals with Novus BioOptimized Trace 

Minerals (MINTREX or MAAC).

3. Reformulate your ration based on the greater 

bioavailability of BioOptimized Trace Minerals.

3
Proven Bioavailability
 
MINTREX trace minerals are verifiably chelated based 
on Fourier Transform Infrared spectroscopy (FT-
IR) assays and X-ray crystallography studies of the 
molecules’ structures. 

A study conducted at Cornell University with 
multiparous Holstein cows assessed the bioavailability 
of mineral sources based on liver mineral and 
metallothionein (MT) content. All cows in the study 
were fed a control diet that included recommended 
rates of inorganic trace mineral supplements. The diets 
were then supplemented with either no supplemental 
organic trace mineral, MINTREX trace minerals (Zn, Cu 
or Mn) or an amino acid complex supplemented for the 
same mineral content (Figure 2).

The study showed cows supplemented with MINTREX 
delivered more zinc than the control or the amino 
acid complex to the animals’ tissues based on the zinc 
biomarker of MT expression in the liver (Figure 3).7
The study also showed that liver copper levels in cows 
supplemented with MINTREX increased throughout the 
study, while the control and amino acid complex diet 
levels did not change. 

Figure 2. Effects of Feeding MINTREX 
on Metallothionein (MT) Expression 
in the Liver
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The study showed cows supplemented with 

MINTREX delivered more zinc than the control or 

the amino acid complex to the animals’ tissues 

based on the zinc biomarker of MT expression in 

the liver (Figure 3).7

The study also showed that liver copper levels in 

cows supplemented with MINTREX increased 

throughout the study, while the control and amino 

acid complex diet levels did not change.7

In a Utah State University study with lactating 

dairy cattle, cows supplemented with MAAC 

increased serum, whole blood, milk and liver 

manganese concentrations in comparison to both 

an inorganic source of manganese and a partially 

chelated manganese source (Figure 4).8  

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Figure 2. Effects of Feeding MINTREX 
on Metallothionein (MT) Expression in the 
Liver

M
T 

Fo
ld

 In
du

ct
io

n

aAA-Complex = Amino Acid Complex

P=0.96

P=0.22

P=0.02

Source: Thering et al., 2007 

MINTREX      AA-Complexa       Control

50
40
30
20
10
00

-10
-20
-30

Figure 3. Changes in Liver Copper 
Concentration from Week 0 to 4 
when Feeding MINTREX
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Milk manganese content of lactating dairy cattle when the mineral packaged for their total mixed 
ration (TMR) included 0 percent, 50 percent and 100 percent Mn-Glycine chelate as the manganese 

source for eight weeks. Error bars represent standard error of the mean (Figure 4).
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Health, Reproductive and Performance Benefits
A trial was conducted to evaluate the 305-day (one 
complete lactation) performance of cows fed reduced 
dietary levels of MINTREX chelated trace minerals 
compared with commercial levels of inorganic trace 
minerals (ITMs). Results indicated trace minerals with 
greater bioavailability allowed cows to more efficiently 
meet their absorbable requirement for trace minerals 
for physiological functions with reduced mineral intake.

Consistent performance – When feeding lower dietary 
levels of MINTREX than inorganic trace minerals, milk 
production and composition did not differ significantly 
(Table 1).

Improved health and reproduction – Cows fed MINTREX 
had decreased somatic cell linear scores and tended to 
conceive at earlier services compared to cows fed ITMs 
(Table 2).
 
In a three-month trial in California’s Central Valley 
that compared supplementing feeds with MINTREX 
Zn or a zinc-amino acid complex, the reduction in 
somatic cell count (SCC) in dairy cows was greater in 
cows supplemented with MINTREX Zn (Figure 4).10 
According to the trial, when cows were blocked by high 
SCC levels, indication of infection, cows supplemented 
with MINTREX were better able to fight off the damage. 
Reducing SCC levels can lead to a healthier animal, 
higher yields, less discarded milk and improved 
profitability.

TABLE 1.
Production Responses for Cows Fed 
Commercial Levels of Zn, Cu and Mn 
as ITM or MINTREX

Health, Reproductive and Performance Benefits
A trial was conducted to evaluate the 305-day (one complete lactation) performance of cows fed reduced dietary 

levels of MINTREX chelated trace minerals compared with commercial levels of inorganic trace minerals (ITMs). 

Results indicated trace minerals with greater bioavailability allowed cows to more efficiently meet their absorbable 

requirement for trace minerals for physiological functions with reduced mineral intake.9

Consistent performance – When feeding lower dietary levels of MINTREX than inorganic trace minerals, 

milk production and composition did not differ significantly (Table 1).

Improved health and reproduction – Cows fed MINTREX had decreased somatic cell linear scores 

and tended to conceive at earlier services compared to cows fed ITMs (Table 2).

In a three-month trial in California’s Central Valley 

that compared supplementing feeds with 

MINTREX Zn or a zinc-amino acid complex, the 

reduction in somatic cell count (SCC) in dairy cows 

was greater in cows supplemented with MINTREX 

Zn (Figure 5).10 According to the trial, when cows 

were blocked by high SCC levels, indication of 

infection, cows supplemented with MINTREX 

were better able to fight off the damage. Reducing 

SCC levels can lead to a healthier animal, higher 

yields, less discarded milk and improved 

profitability.

Service Conceived ITM MINTREX P<2

1  20.45 29.25 0.16

2  26.14 27.36 0.47

3  23.86 23.58 0.35

4  15.91 10.38 0.92

5+ 13.64 9.43 -

1 Data are expressed as percent of cows in each treatment 
conceiving at the  indicated service.

2 Ordinal logistic analysis: Odds ratio for MINTREX cows having 
conceiving earlier:  1.57 (95% CI: 0.95, 2.61) P<0.08.

TABLE 2.

Production Responses for Cows Fed 
Commercial Levels of Zn, Cu and Mn as ITM or 
MINTREX1

Source: Zanton et al., 2011
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BCS 3.23 3.21 0.03 0.64

Pen DMI, kg 23.4 23.3 0.09 0.71
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Linear Score 3.11 2.70 0.19 0.11
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Improvements in Locomotion

Feeding chelated trace minerals has been shown 
to improve hoof health. In a study conducted by 
the University of Veterinary Medicine, Universidad 
del Litoral, Santa Fe, Argentina, 266 lactating cows 
in a commercial herd were randomly assigned to 
a control or treatment group. These 266 first- and 
multiple-calf cows were fed a diet of corn silage, 
alfalfa, corn, soybean meal and a mixture of vitamins 
and chelated trace minerals, formulated according 
to the National Research Council recommendations. 
The treatment group was supplemented with MFPTM 
feed supplement, AGRADO® Plus feed ingredient and 
MINTREX chelated trace minerals.

The locomotion parameters show the benefits 
of using MFP, MINTREX and AGRADO Plus, as the 
treatment group experienced a 50 percent reduction 
in heel injuries (Table 3). The treatment group also 
experienced a reduction in white line problems and 
hoof abnormalities. In addition, the treatment group 
experienced a lower percentage of locomotion scores 
of two-to-four (29.15 vs. 45.7%, P<0.05).13

TABLE 3. 
Locomotion Measurements

The goal of a 15-month study at the University of 

Maryland was to determine the relationship 

between MAAC chelated trace minerals and 

several reproductive parameters including uterine 

health and involution, ovarian activity, early 

embryonic mortality, and breeding and conception 

rates. Forty first-calf heifers were fed a control diet 

with ITMs, the standard diet plus MAAC 30 days 

prior to calving, or the standard diet plus MAAC 

from calving to breeding. The animals 

supplemented with MAAC showed improved 

uterine involution after calf delivery, decreased 

incidence of early embryonic death, earlier 

development of preovulatory follicles, and 

reduction in uterine scarring and bacterial 

infections (Table 3).11

A study conducted on a Midwest dairy farm compared the effects of MAAC chelated trace minerals to inorganic 

minerals on three successive lactations. The increased absorption of the MAAC chelated minerals resulted in 

significantly increased milk, fat and protein production and improved body condition scores. Milk production and 

milk component differences between the group supplemented with the inorganic mineral and the group 

supplemented with MAAC became greater with each successive lactation.12

Improvements in Locomotion
Feeding chelated trace minerals has been shown 

to improve hoof health. In a study conducted by 

the University of Veterinary Medicine, Universidad 

del Litoral, Santa Fe, Argentina, 266 lactating 

cows in a commercial herd were randomly 

assigned to a control or treatment group. These 

266 first- and multiple-calf cows were fed a diet 

of corn silage, alfalfa, corn, soybean meal and a 

mixture of vitamins and chelated trace minerals, 

formulated according to the National Research 

Council recommendations. The treatment group 

was supplemented with MFPTM feed supplement, 

AGRADO® Plus feed ingredient and MINTREX 

chelated trace minerals.

The locomotion parameters show the benefits of using MFP, MINTREX and AGRADO Plus, as the treatment group 

experienced a 50 percent reduction in heel injuries (Table 4). The treatment group also experienced a reduction in 

white line problems and hoof abnormalities. In addition, the treatment group experienced a lower percentage of 

locomotion scores of two-to-four (29.15 vs. 45.7%, P<0.05).13

Measurement Control MAAC

Ovarian activity

Mature follicles 30-80d post-partum, % 20 35

Days to first F3 follicle 78 68

Infections

Bacteria isolated from uterus, % 25 5

Early embryonic death, %

“Repeat breeders” 20 0

Post-partum uterus involution

Indistinguishable 50-55d 30-35d

Incidence of endometrial scarring, % 58 10

TABLE 3.

Production Responses for Cows Fed Commercial 
Levels of Zn, Cu and Mn as ITM or MAAC1

Hoof Lesions Treatment Distribution of Lesion Score
   1 2 3 4 5

Hoof Injuries (%)
 Control - 32 13 0.7 -

  MMA - 22 7 0.15 -

Heel (%)
 Control 2.5 6.2 3.3 1 0

  MMA 2 2 0.7 0 0

White Line (%)
 Control 2.6 4.1 0.7 0.6 -

  MMA 1.5 0.4 0.4 0 -

Sole (%)
 Control 8.2 2.7 0.6 1.5 -

  MMA 4.4 0.3 0.14 0.3 -

Dermatitis (%)
 Control 3.8 5.1 3.3 0.15 0

  MMA 0.9 1.5 1.5 0 0

TABLE 4. 
Locomotion Measurements

Source: Conti et al., 2010

Source: Manspeaker, 1987
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Exclusive Bypass Methionine 
Response

Chelated trace minerals can offer different benefits 
depending on the ligand used. The MINTREX line 
delivers the trace minerals in a guaranteed molecule 
that uses HMTBa — the active ingredient in ALIMET® 
feed supplement — as the organic ligand. By using 
the methionine analogue HMTBa in a 2:1 ratio with 
zinc, manganese and copper, four coordinate covalent 
bonds hold the metal securely to increase stability of 
the molecule in the pH environment found in the GI 
tract.

MINTREX is the only trace mineral product chelated 
to a ligand that provides a proven bypass methionine 
response for valuable amino acid activity. When 
the HMTBa ligand separates from the metal at the 
absorption site, it contributes to the methionine pool of 
the animal, providing amino acid activity for nutritional 
use. The nutritional methionine value of MINTREX 
minerals has been shown to efficiently and profitably 
increase both milk fat and milk protein component 
percentages in dairy trials.

The Cornell University study showed that cows fed 
MINTREX produced milk with a greater fat and total 
solids percentage and less milk urea nitrogen than the 
control and amino acid complex-fed cows. The cows 
supplemented with MINTREX also produced milk with 
a higher protein percentage and milk fat yield than the 
control (Figure 5). 
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Figure 5. MINTREX Cows had a Milk Protein and Fat Yield Response

Exclusive Bypass Methionine Response
Chelated trace minerals can offer different benefits depending on the ligand used. The MINTREX line delivers the 

trace minerals in a guaranteed molecule that uses HMTBa — the active ingredient in ALIMET® feed supplement 

— as the organic ligand. By using the methionine analogue HMTBa in a 2:1 ratio with zinc, manganese and copper, 

four coordinate covalent bonds hold the metal securely to increase stability of the molecule in the pH environment 

found in the GI tract.

MINTREX is the only trace mineral product chelated to a ligand that provides a proven bypass methionine response 

for valuable amino acid activity. When the HMTBa ligand separates from the metal at the absorption site, it 

contributes to the methionine pool of the animal, providing amino acid activity for nutritional use. The nutritional 

methionine value of MINTREX minerals has been shown to efficiently and profitably increase both milk fat and milk 

protein component percentages in dairy trials.

The Cornell University study showed that cows fed MINTREX produced milk with a greater fat and total solids 

percentage and less milk urea nitrogen than the control and amino acid complex-fed cows. The cows supplemented 

with MINTREX also produced milk with a higher protein percentage and milk fat yield than the control (Figure 6). 
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Figure 6. MINTREX Cows had a Milk Protein and Fat Yield Response
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Value of Methionine
Methionine has been identified as one of the first limiting amino acids for the synthesis of milk and milk components 

in typical lactating dairy diets.14 It is difficult for cows to get enough metabolizable, or bypass, methionine in their 

diets. The traditional dairy cow diet with alfalfa, corn silage and soy-based feedstuffs is typically short by up to 8 or 

9 grams of metabolizable methionine. Since methionine plays several roles in a cow’s metabolism and the bacteria 

cannot produce enough of this essential amino acid, it is important to supplement the diet. 

Methionine is also part of a chain reaction in the animal’s body that helps protect proteins and cells from oxidation. 

It is required for making cysteine, which is one of the amino acids making up important antioxidant enzymes to help 

detoxify extra free radicals so they cannot cause damage. The proper balance of amino acids must be supplied to 

the animal to maximize milk production and promote reproductive development without wasting product or money. 

Methionine — a value-added benefit of feeding MINTREX chelated trace minerals in the dairy ration —  increases 

milk, fat and protein yield, as well as contributes to maintaining oxidative balance. 
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Value of Methionine
 
MINTREX in a Class of its Own 
MINTREX is a next-generation trace mineral and is defined in a chelated trace minerals category of the Association 
of American Feed Control Officials (AAFCO). This definition was agreed on by the Division of Animal Feeds within 
the U.S. Food and Drug Administration Center for Veterinary Medicine and is based on extensive safety, efficacy 
and stability data of MINTREX chelated trace minerals.  
Products not available in all countries. 


