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Figure 1: Historical evolution of trace mineral management.

Figure 2: Trace mineral balance (net requirement minus available supply).
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Trace mineral management today and in the future
Trace mineral management has changed significantly over 

the last 20 years (see Figure 1). Independent research has 

shown superiority of new trace minerals, such as proteinates, 

complexes and chelates, and now hydroxy trace minerals 

over more traditional sources such as sulphates. Modern 

sources of trace minerals such as hydroxy forms can have 

a positive impact on cow productivity, health and fertility 

while minimizing negative impacts on the environment. New 

scientific insights that can explain these benefits continue to 

become available.

Trace mineral management can have a significant 
impact on dairy cow performance
Highly productive dairy cows require a balanced supply 

of essential trace minerals for optimal health, fertility and 

performance. Traditionally, the emphasis has been on 

ensuring that levels of trace minerals in rations are sufficient, 

with little or no concern about overfeeding. Given that 

inorganic trace minerals are relatively cheap, overfeeding 

is fairly common in dairy herds, potentially leading to longer 

term health and longevity issues. 

To get it right, both the level of individual trace minerals 

that are being formulated into the ration and their form, are 

essential to ensure dairy cow performance and health are 

optimised. Feeding too much, or too little of an essential 

trace mineral can have a negative impact on cow well-being 

and productivity (see Figure 2).

The source of trace minerals that are being utilized to meet 

the cow’s trace mineral requirement can have a major impact 

on bioavailability but also on the risk of undesired effects. 

Hydroxy forms of trace minerals are insoluble at a pH of 4 or 

higher. Rumen pH is typically between 6 and 6.5, so hydroxy 

trace mineral crystals are essentially insoluble within the 

rumen. In the abomasum, where the pH is usually below 3, 

the crystals dissociate layer by layer, resulting in a gradual 

and sustained release of trace metal ions into the duodenum. 

As a result, the bioavailability of hydroxy trace minerals is 

high, but peak concentrations in the digesta always remain 

low.
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Table 1: Copper, Zinc and Manganese levels of major feedstuffs and ingredients (source: NASEM 2021 Nutrient Requirements of Dairy Cattle).
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In contrast, sulphate salts are highly soluble at neutral pH, 

resulting in high peak concentrations of free metal ions in  

the rumen. This has a number of negative effects:

•  High levels of free ions have an antimicrobial effect in the 

rumen, which can result in poor fibre digestion1 

•  Free metal ions are able to bind with antagonists to form 

insoluble complexes, resulting in lost nutritional value and 

poor bioavailability

Successful trace mineral management starts with 
feeding the correct level
A first step is to always determine the correct level of trace 

mineral that is required above the trace mineral levels that 

are already present in the ration (see Table 1). Subsequently, 

the correct level of trace mineral supplementation can be 

calculated and the source of trace mineral can be selected. 

This will ensure dairy cattle are receiving a consistent level 

of essential trace metals needed to support optimized well-

being and productivity.

Once the correct level of inclusion for each trace element 

has been calculated, the impact of choosing the source of 

trace mineral on a number of key parameters should be 

considered.

Trace Mineral

mg/kg DM

Major Feedstuff and Ingredients

Corn Silage Corn Grain Citrus Pulp Winter grass Tropical grass Barley (Hay) Corn Gluten Meal Flexseed Meal

Cu 6,5 2,1 6,8 8,5 11,8 5,8 6,5 21

Zn 25 23 13 25 44 35 77 75

Mn 30 7 1 90 75 20 23 50

Trace Mineral

mg/kg DM

Major Feedstuff and Ingredients

Molasses Oat (Hay) Rye (Hay) Soybean Hulls Soyben Meal Wheat (hay) Wheat Middlings Basal Diets

Cu 36,5 6,8 8,2 7,5 13,2 7,5 11,5 4.0 - 7.5

Zn 112 20 39 47 44 25 90 15 - 35

Mn 74 66 90 21 29 51 133 20 - 40



Stability of other key nutrients included in the 
mineral supplement 
If mixed into a feed or a farm mineral, reactive trace mineral 

forms such as sulphates can have a significant negative 

impact on stability and bioavailability of other essential 

nutrients contained within the supplement.

•  Just like other cations, free sulphate ions can act as pro-

oxidants, which means they will react with other unstable 

molecules present within the feed.  Copper and/or zinc can 

quickly accelerate oxidation of unprotected fat sources in 

the feed, negatively impacting the value of the fat as well as 

several fat-soluble vitamins.  

•  If the feed is being pelleted, the moisture present within the 

pelleting process can ionize the metals allowing them to 

function as antimicrobial agents. This will harm probiotics 

that may have been added to the feed. 

Hydroxy trace mineral sources do not have these negative 

effects on the availability of essential nutrients present in the 

feed (see Figure 3).

Efficiency of rumen fermentation
Sulphate trace minerals are highly soluble and reactive 

within the rumen.  While these characteristics may be of 

value when copper and or zinc sulphate are used in a foot 

bath, they quickly become problematic when used to deliver 

essential trace minerals to the dairy animal.  Feeding hydroxy 

sources of zinc, copper and manganese results in much 

lower levels of free metal ions in the rumen2 (see Figure 4).

Figure 3: Vitamin E activity during storage of feed without any supplemented 
copper, feed supplemented with sulphate or feed supplemented with the hydroxy 
form of copper12. 

Figure 4, Sulphate sources of trace minerals were shown to be significantly more 
soluble in the rumen of cattle than hydroxy trace minerals.
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Figure 5: NDF digestibility in dairy cows fed sulphate trace mineral sources 
compared to hydroxy forms of trace minerals, in dairy cows on a low forage diet 
and in dairy cows on a high forage diet.

Figure 6: Increase of fibre digestibility for hydroxy trace minerals compared to 
sulphates.

Figure 7: Relative bioavailability of hydroxy trace minerals in cattle, indexed to 
sulphate.

Reactive sources of trace minerals have a negative impact 

on rumen microflora, significantly reducing NDF digestibility. 

In a study carried out in the USA3, the effect of sulphate and 

hydroxy trace mineral supplementation on NDF digestibility 

was studied in dairy cows on a low forage diet and in dairy 

cows on a high forage diet (see Figure 5). 
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A recent quantitative summary,1 combining the results of 11 

independent studies2,3,10,11,14,15 found that feeding copper and 

zinc sulphate had a statistically significant, negative impact on 

NDF digestibility in lactating dairy cattle, resulting in a 1.7-point 

improvement of NDF digestibility (see Figure 6). 

Improvement of gut barrier function
More recent work5 shows that the higher bioavailability of 

zinc resulting from feeding the hydroxy form has a positive 

effect on the immune system and gut wall tissue integrity. This 

improves gut barrier function, reducing the risk of “leaky gut” 

and systemic inflammation in dairy cows. 

No loss of nutrients 
Highly soluble trace minerals such as sulphates can 

significantly reduce the amount of trace mineral and other 

essential nutrients that are available for absorption in the 

intestinal tract.  When sulphate trace minerals encounter 

moisture, they quickly break down releasing their metal ions 

within the rumen.  This allows the ion to form an insoluble 

complex with many essential nutrients such as phosphorus, 

and other trace and macro minerals, oxalates or amino acids. 

These newly formed complexes are no longer of any value to 

the dairy animal.  

Hydroxy trace minerals essentially by-pass these negative 

effects in the rumen.  This results in more biologically available 

trace mineral arriving in the intestinal tract for absorption6,7, 

while not affecting the availability of other essential nutrients 

in the ration (see Figure 7).   

University research has shown that each one point difference 

in NDFd can represent 0.25 to 0.3 kg of daily milk production4.

5Trace mineral management 



Fertility
A trial by Souza et al8 showed that when compared to a 

standard trace mineral supplement, hydroxy trace minerals 

improve embryo quality of dairy cows, potentially increasing 

conception rates (see Figure 8).

Milk production
The haptoglobin levels in the cows fed the hydroxy trace 

minerals stayed below 1 g/l, and milk production was 

significantly increased9, suggesting a healthy transition to 

lactation (see Figure 10).

Minimizing impact on the environment
Any trace mineral which is fed and not absorbed by the 

animal will end up in the environment.    This result is not 

limited to trace minerals being fed, but also to many essential 

nutrients and additives such as micro and macro minerals 

and mycotoxin binders that the trace metal ion has bound 

to (see Figure 11). Hydroxy trace mineral sources can thus 

significantly reduce the amount of minerals that are expelled 

into the environment by improving the absorption of essential 

minerals and other essential nutrients from the ration.  

Health
Haptoglobins are markers of inflammation. A threshold of 1 g/l 

is indicative of a healthy transition to lactation. A trial carried 

out by Yasui et al9 showed that dairy cows on a transition diet 

containing hydroxy trace minerals had a significant reduction 

of haptoglobin levels after parturition (see Figure 9).

Hydroxy trace 
minerals 

Trace mineral 
supplement

P = 0.04

16.6

32.4

%
 o

f c
o

w
s 

>
 8

0
%

 
fr

e
e

za
b

le
 e

m
b

ry
o

s

15

20

0

5

10

30

35

25

Hydroxy trace minerals
Sulphates/organic 
Sulphates

21 3 4 5 6 7 8 9 10 11 12
Week relative to calving

Trt P = 0.45
Trt x Week P = 0.02

kg
/d

a
y 

60

80

90

100

120

110

130

70

Hydroxy form of Cu
Copper Sulphate

0 62.5 125 250 500

Copper (ppm)

%
 N

o
n
-h

yd
ro

ly
se

d
 P

h
yt

a
se

 

20

40

0

80

60

0

23.14

1.49

42.32

63.55

73.45

13.38

4.83
00

Sulphates/
organic

Hydroxy trace 
minerals

Threshold
for healthy 
transition
cow

Sulphates

g
/l

1.50

1.25

1.00

0.50

0.75

Figure 8: Impact of feeding hydroxy trace minerals or a standard trace mineral 
supplement containing sulphates on the percentage of cows with freezable 
embryos

Figure 10: milk production in kg/day in cows supplemented with sulphates, a 
mixture of sulphates and organic trace minerals or with hydroxy trace minerals.

Figure 11, Percentage of non-hydrolysed phytase after in-vitro exposure to various 
levels of copper sulphate and various levels of the hydroxy form of copper13.

Figure 9: Haptoglobin levels one week post-partum in dairy cows supplemented 
with sulphates, a mixture of sulphates and organic trace minerals or with hydroxy 
trace minerals.

Impact of optimizing trace mineral management 
on health, fertility and performance of dairy cows
The effects of optimal trace mineral management on 

bioavailability of nutrients, rumen fermentation and gut 

barrier function result in an improvement of fertility, health and 

performance of cows.
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Conclusion
Trace mineral nutrition in dairy cattle is an essential component of any HealthyLife program due to its involvement in 

hundreds of physiological processes involving basic maintenance, reproduction, immune competency, milk production, 

growth and structural integrity.  Our recommendations related to trace mineral nutrition of dairy cows are designed to 

ensure that your cows are receiving the correct level and source of trace minerals to drive optimized profitability and cow 

well-being throughout their entire lifetime.   
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