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1

Summary
 

diets to meet the trace mineral requirements 

NRC (2001) recommendations for most trace 

and should be the starting point for ration 

absorption and requirements, a modest safety 

appropriate for most trace minerals under 

antagonism, and for Cu, antagonism can be 

absorption coefficients should be reduced 

or years) can result in high concentrations of Cu 

The NRC (2001) recommendation for Mn is too 

supplement Cr is largely an economic decision 
based on cost of feed, cost of supplemental Cr 

Introduction

process of updating the Nutrient requirements 

literature on mineral nutrition of dairy cattle and 
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Currently Used Requirement System  
(e.g., NRC, 2001)

The requirements for most minerals 

for maintenance plus mineral deposited in the 

generate the requirement for absorbed mineral 

mineral basis, absorbtion coefficients (AC) 
for all the minerals had to be generated and 
multiplied by mineral concentrations to calculate 

The factorial system has been used 
for decades to determine requirements for 
energy and protein and more recently for 

by feeding different amounts of protein and 

conceptually, separating requirements into 

biological functions, the factorial approach may 

‘Maintenance’ Requirement

For  minera ls ,  the  maintenance 
requirement is equal to the amount of mineral 

(NRC, 2001) maintenance requirement ranges 

requirement (for most minerals maintenance is 

importantly, mineral status of the animal can 

research conducted to determine maintenance 

system, causing increased secretion and cell 
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‘Productive’ (gestation, growth, and 
lactation) Requirements

mineral that is deposited into the conceptus, body 

the net energy requirement for lactation equals 

putting a mineral into fetal tissue, body tissue, or 

direct portion to energy use (a high producing 

a cell uses, the more free radicals produced 

increased requirement is not considered in the 

At least conceptually, the current system 
could underestimate the requirements for many 

requirement needs to be considered, and if 

Mineral Supply

from some sources are more absorbable than 

of absorbable mineral has limitations:

Measuring absorption of some minerals is 

Actual absorption data and 

Absorption is affected by physiological state 
of the animal and by numerous dietary factors 

For many of the trace minerals, the AC is 

Concentrations of Minerals in Basal 
Ingredients

For most minerals of nutritional interest, 
good analytical methods that can be conducted 
on a commercial scale at reasonable costs are 

can also routinely measure S and Cl, but often 

Se are of nutritional importance, most labs 
do not routinely measure these because the 
concentrations commonly found in feeds are 

or because of contamination caused by routine 
sample processing, such as using a steel feed 

can get accurate total mineral concentration data 
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Example of the impact of a change 
in absorption coefficient (AC) on Cu 
supplementation.

Assumptions:

1. Dry matter intake = 50 lb/day
2. Cow requires 12 mg/day of absorbed Cu/

day 
3. Basal ingredients provide 220 mg/day of 

total Cu
4. AC for Cu from copper sulfate (25% Cu) = 

5% (NRC, 2001)

If AC for basal diets was 0.03, the diet would 
provide 220 * 0.03 = 6.6 mg of absorbed Cu, 
then the cow would need to be supplemented 
with 12 – 6.6 = 5.4 mg of absorbable Cu =108 
mg of Cu from Cu sulfate (5.4/0.05)

If AC for basal ingredients was 0.05, the diet 
would provide 220 * 0.05 = 11 mg of absorbed 
Cu, then the cow would need to be supplemented 
with 12 – 11 = 1 mg of absorbable Cu = 20 mg 
of Cu from Cu sulfate (1/0.05) 

A change in AC of basal diets from 0.03 to 0.05 
(the AC from NRC = 0.04) would   increase 
the amount of supplemental Cu needed by 
almost 5 X

Sampling error is a problem for most 

This means that mineral concentration data 

should be a truer estimate of the actual mineral 

B e s i d e s  s a m p l i n g  i s s u e s ,  t h e 
concentrations of many minerals in feeds are 
not normally distributed (a normal distribution 

 2 standard 
 (SD) 

be good descriptors of the population, and for 

concentrations cannot be less than 0 but can 

more mineral, and in a normal distribution, the 
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concentrations of trace minerals and some macro 
minerals, the median is usually less than the 

is a better descriptor of the population than 

you formulate a diet assuming the corn silage 
is 6 ppm Cu, but it really has 12 ppm and corn 

mineral concentrations in forages (and perhaps 
other feeds) found in tables should be used 

Do the trace minerals in basal feeds have 
nutritional value?

mineral concentrations in basal ingredients or 

for most minerals in most feeds (this includes 
mineral supplements), a portion of the trace 

minerals, indicating that some absorption of 

The NRC (2001) estimates that Cu, Mn, 

though most of the trace minerals contained 

basal feeds, especially forages, are in the soil 
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that is attached to the feed and those minerals are 

ash and trace mineral concentration than typical 

silage, alfalfa, corn grainn and soybean meal 

requirements, basal ingredients supply about 80, 

Evaluating Trace Mineral Status
 
The primary indicators of trace mineral 

purposes and practical diet formulation, more 

Cleft palate and other calf deformations 

indicators of clinical Mn deficiency, but 

(mass spectroscopy) has greatly increased 
our ability to accurately measure plasma Mn, 

concentrations are currently considered the gold 

concentration of Cu than those from Holsteins 

and increase in a systematic manner as dietary 
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mobilized during depletion to support cellular 

ceruloplasmin and Cu blood concentrations do 

12, so 

12 12 concentrations 
12 

12 
concentrations and subsequent Co status are 

12
Dramatic increases in plasma concentrations of 
methylmalonic acid and homocysteine are able 

Based on the effects of Se supplementation on 
immune function, reproduction, and mastitis, 

long-term indicator of Se status compared to 

if hemolysis occurs in the serum or plasma due to 

Recommendations

The primary trace minerals of interest in 
dairy nutrition are chromium (Cr), cobalt (Co), 
copper (Cu), iodine (I), iron (Fe), manganese 
(Mn), selenium (Se), and zinc (Zn)
(2001) did not establish a requirement for Cr, 
but for the other trace minerals, the NRC should 



 54  

April 20-22, 2015            Tri-State Dairy Nutrition Conference

Chromium  
 

supplemental Cr or from sources other than Cr 

Cr is needed to transport glucose into cells that 

prior to chemical analysis can contaminate 

insulin response to a glucose tolerance test 

These actions reduce the amount of glucose 

synthesis, and this may be one mode of action for 

Cr propionate, Cr-methionine, Cr-picolinate, 

is needed, based on this preliminary analysis 

cost of the supplement and assuming a median 

supplemental Cr may enhance certain aspects 
of the immune system and may help reduce 

Cobalt

The current NRC requirement for Co is 

Co is mostly (perhaps only) required by ruminal 
bacteria and the amount they need is a function 

total Co, and in many cases, basal ingredients 
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ppm Co maintained adequate concentrations 

up to 1 ppm in the incubation media (Tiffany et 

as supplemental Co (from Co glucoheptonate) 

Co increased from 0 to about 1 ppm (from Co 

data, the NRC (2001) requirement does not 

Copper

The NRC (2001) requirement for Cu is 

contain Cu and because DMI usually increases 

of Cu needed to meet the requirement may 

Contrary to popular practice, diets for pens of 

higher concentrations of many trace minerals 

that reduce absorption, but often these do not 

nutritionally important trace minerals in that it 

including:
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absorption and increase Cu requirement),

the diet) may need to be fed about 2X the 

S concentration, minimum daily temperature, 
and dietary Na concentration (

; 

rates of distillers grains and diets that contain 

and assayed on a regular basis (at least annually) 

Although the presence of antagonists 

using Cu sources that are more resistant to 

that the current NRC requirement is not 

requirement, a modest safety factor should be 

safety factor, the diet should be formulated to 

the source of supplemental Cu, the diet should be 
formulated to contain 12 to 15 ppm of total Cu 

a greater AC, the concentration of total Cu in the 

If antagonists are present, the NRC 

antagonists, total dietary Cu may need to be 20 to 

affected by antagonism (Spears, 2003), and if 
those products are used, total Cu concentration 
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Adequate absorbable Cu must be fed to 

Cu concentrations can become dangerously 

Example of Cu fortification needed when 
antagonists are present.

Assumptions
1. Absorbed Cu requirement is 10 mg/day, 

but a safety factor of 1.5 is used; desired 
absorbed Cu requirement = 15 mg/day

2. Basal diet (DMI = 52 lb = 23.6 kg) is 8 ppm 
Cu with a normal AC = 0.04; however, 
with antagonists, the AC = 0.02. 

3. Cu sulfate has an AC = 0.05 but with 
antagonist, AC = 0.025

4. A specialty Cu product has been shown to 
have a relative AC of 2X Cu sulfate when 
antagonists are present; therefore, its AC = 
0.025 X 2 = 0.05

Calculations
Basal diet provides 3.8 mg of absorbed Cu/day 
(23.6 kg/day x 8 x 0.02).
Absorbed Cu needed from specialty source = 
15 mg/day desired – 3.8 basal = 11.2 mg/day.
Supplemental Cu needed = 11.2 mg/day/ 0.05 
= 224 mg/day.
Total dietary Cu concentration = 8 ppm basal 
+ (224/23.6) = 17 to 18 ppm.
If Cu sulfate was used rather than the specialty 
mineral, twice as much supplemental Cu 
would be needed so that total dietary Cu = 27 
ppm.

of differences in DMI (and subsequent Cu 

transaminase (AST) and gamma-glutamyl 
transpeptidase (GGT)

suggests problems may start occurring at much 

may result in problems because of the duration 

Manganese

The 2001 NRC greatly reduced the 
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suggests that the current NRC recommendation 

ppm Mn for the last 6 month of gestation and 

substantially more Mn per day than a gestating 

therefore, the dietary concentration that elicited 

One reason for the discrepancy is that lactating 

the starting point is 28 ppm and after the safety 

Selenium

from Se yeast results in substantially greater 

Se to the fetus and into colostrum, feeding a 

Zinc

concern; therefore, the current requirement plus 

dietary concentrations should be less than if 
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Conclusions

Adequate supply of trace minerals 

are adequate in most situations and only a 

diets should be formulated for total absorbable 

that diets that include sources of supplemental 

situations dictate higher concentrations of dietary 

line is to feed slightly more than adequate, but 
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Figure 1. Distribution of Cu concentrations in corn silage grown throughout the U.S. The smooth 
line indicates a normal distribution, while the bars indicate the actual distribution. Figure courtesy of 
J. Knapp (Knapp et al., 2015).

Table 1.  Effect of intake and milk production on requirements (NRC, 2001) of certain trace 
minerals.1

 Early lactation cow             High producing cow       Average cow                    
 75 lb milk; 35 lb DMI   120 lb milk; 67 lb DMI 75 lb milk; 53 lb DMI
 
     Dietary        Dietary          Dietary 
    Absorbed requirement   Absorbed   requirement   Absorbed   requirement
 requirement  (mg/kg of  requirement     (mg/kg of         requirement    (mg/kg of  
   (mg/day)   diet DM)   (mg/day)     diet DM)    (mg/day)           diet DM)

Cu 9.7 14 12.8 10 9.7 10         
Fe 34.0 22 54.4 18 34.0  14
Mn 2.3 19 2.9 13 2.3 13
Zn 165 61 247  49 165 43
1  
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Figure 2. Distribution of Mn concentrations in mixed, mostly legume silage grown throughout the U.S. 
The smooth line indicates a normal distribution, while the bars indicate the actual distribution. Figure 
courtesy of J. Knapp (Knapp et al., 2015).


