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The cattle production system has several important com-
ponents, and nutrition plays a crucial role in determining 
productivity and profitability. Specifically, trace minerals 
are one essential piece to achieving successful outcomes in 
cattle production. The effects that trace minerals have on 
animal performance and health have been widely studied 
for decades, but results vary and depend on the mineral 
status and duration of mineral deficiency of the animals 
(Figure 1). There is an emergence of studies evaluating the 
use of trace minerals to reduce the detrimental effects of 
stress (Richeson and Kigley 2001; Roberts et al. 2015) and 
to enhance immune responses to vaccinations in cattle 
(Arthington and Havenga 2012; Palomares et al. 2016a; 
Palomares et al. 2016b; Bittar et al. 2018a; Bittar et al. 
2018b; Bittar et al. 2020). Of the ten trace minerals required 
for cattle, researchers have determined the minimum 
requirements for seven (NRC 1996): cobalt (Co), copper 
(Cu), iodine (I), iron (Fe), manganese (Mn), selenium (Se), 
and zinc (Zn). Even though there is no reliable information 
regarding dietary requirements of the other three trace 
minerals (chromium [Cr], molybdenum [Mo], and nickel 
[Ni]), they are known to be important in cattle nutrition; 
especially molybdenum, due to negative effects observed 
when an excessive amount is fed to cattle. This is thought 
to be due to Mo binding to other minerals like Cu, making 
them unavailable to the animal (Suttle 1991).

Despite a few regional exceptions with a natural excess of 
trace minerals in the soil, grass, and water that can lead to 
toxicity from ad libitum ingestion, deficiency is the most 
common trace mineral problem affecting cattle production 
and health. The predominant trace mineral deficencies in 
the diets of grazing cattle in the Southeast, particularly in 
Florida, are copper, selenium, and zinc (Arthington 2000; 
Stewart 2017). Therefore, there is increased research to 
inform management efforts so that producers can efficiently 
supplement cattle with trace minerals and ensure adequate 
bioavailability levels. Note that the diet may contain many 
other minerals with antagonistic characteristics that can 
affect the absorption of trace minerals in cattle. Examples 
of these are molybdenum and sulfur, which can lead to 
mineral imbalance even when recommended levels of 

Figure 1. The effects of trace mineral deficiency on the health and 
performance of cows and calves.
Credits: Adapted from Wikse (1992) and Olson (2007)
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trace minerals are supplemented. Adequate levels of trace 
minerals must be available because they are involved in 
cattle physiology. Trace minerals play a critical role in 
overall growth (Spears and Kegley 2002), enzyme structure, 
and nucleic acid replication, and are critical to the immune 
system in general.

Copper (Cu) is important in mitochondrial energy 
production and plays an essential role in neutralizing 
reactive oxygen species (ROS) by participating in dismutase 
superoxidase activity. The phagocyte killing activity and 
functions of neutrophils and monocytes, which are of 
high importance in the innate immune response of cattle, 
also depend on copper (Linder 1991). With regard to the 
adaptive arm of the immune system, defective antibody 
production and lowered cell-mediated immunity are 
associated with copper deficiency in mice (Sherman 1992). 
Although this has not been demonstrated in cattle, a 
similar effect would be expected due to similarities in the 
mechanisms that drive these processes. On the other hand, 
improved antibody production and leukocyte proliferation 
were seen in calves with additional supplementation with 
injectable trace minerals (Arthington and Havenga 2012; 
Palomares et al. 2016a; Palomares et al. 2016b; Bittar et al. 
2018a; Bittar et al. 2020).

Selenium (Se) deficiency is the primary cause of nutritional 
myodegeneration (“white muscle disease”) in cattle. Even 
after a massive preventative effort, this disease still causes 
significant losses. Even marginal selenium deficiency can 
cause subclinical effects in cattle and strongly influence the 
immune system, affecting cattle health and performance. 
Cows experiencing this disease typically have weak calves 
with increased susceptibility to diseases, poor reproductive 
performance, and a higher incidence of retained fetal 
membrane. The function of selenium in the immune system 
is based on its participation in the structure and function 
of several enzymes directly linked to the neutralization 
of ROS. Among them, glutathione peroxidase is a major 
antioxidant reducing the excessive ROS and cell damage 
due to oxidative stress (Herdt and Hoff 2011). There is 
evidence that Se deficiency in cattle increases the pathoge-
nicity of some viruses (Beck 2007) and negatively affects 
neutrophil migration into tissue that experiences inflamma-
tion (Maddox et al. 1999). In contrast, Se supplementation 
enhances both arms of the adaptive immune system, 
including antibody production and T-cell number and 
functions (Maggini et al. 2007).

Zinc (Zn) is one of the trace minerals with a broader 
range of influences in the animal body. It participates in 
the structure and function of more than 2,500 enzymes 

involved in metabolism, DNA replication, and the immune 
system. Zinc is important in several aspects of the immune 
response, including participation in the proliferation and 
differentiation of lymphocytes, function and transit of 
neutrophils and macrophages, pro-inflammatory cytokines’ 
production, regulation, and secretion (specifically IL-2), 
T-cell clonal expansion, and activation and antibody 
production by the B-cells (Palomares et al. 2016a).

Recent studies in calves showed beneficial effects of the 
strategic use of trace minerals in an injectable formulation 
on the humoral immune response to common vaccines 
(Arthington and Havenga 2012; Palomares et al. 2016a; 
Palomares et al. 2016b; Roberts et al. 2016; Bittar et al. 
2018a; Bittar et al. 2020). Note that the cattle population 
evaluated in these studies did not have trace mineral 
deficiency. In this regard, the authors offered additional 
scientific data to reinforce and support the beneficial effect 
of supplemental trace minerals even in cattle with sufficient 
mineral levels. Several trace mineral supplement formula-
tions with different administration routes are available 
to be used in cattle because there is no “one size fits all” 
approach to trace mineral supplementation. Producers 
need to consider several factors when making this decision.
These factors include: the initial mineral status of the 
herd (normal levels or borderline to severe deficiencies), 
duration of supplementation required, the bioavailability 
of mineral components, ease of administration (injectable, 
bolus or capsule, salt block, or feed), and whether the 
formulation will be a single or multiple mineral supple-
mentation. Nowadays, there is an ongoing debate regarding 
the preferred route of trace minerals administration. One 
of the advantages of oral trace minerals formulation is the 
administration ease because there is no need for handling 
the herd in restraint facilities. Nonetheless, the constant 
maintenance of the feeder to ensure sufficient availability 
of trace minerals is required, and variation in dry matter 
intake can account for heterogenous supplementation on 
an individual basis. For instance, weaker cattle that might 
receive more benefits from mineral supplementation will be 
the ones with lower dry matter and therefore trace mineral 
intake, especially if inadequate feed bunk space exists. On 
the other hand, boluses and capsules provide a homogenous 
administration through the herd, ensuring adequate dosing. 
However, the additional and unpleasant animal handling 
needs to be considered as well as the relatively slow rise 
in trace mineral concentration in the blood due to slow 
absorption that may occur depending on the formulation. 
Despite the need for cattle restraint, the injection of trace 
minerals has several benefits, such as adequate dosing 
depending on animal needs and a quick rise in tissue trace 
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mineral concentration. Injectable formulations also have 
the benefit of allowing producers to administer the trace 
minerals in situations in which the dry matter intake might 
not be well controlled and when it is relatively challenging 
to supplement or achieve higher levels of dry matter intake. 
Therefore, it is a somewhat easier administration route on a 
large scale when compared to bolus or capsule.

There are some benefits for trace mineral administration, 
even when sufficient concentrations are present in cattle. 
Specific benefits have been observed in both innate and 
adaptive immune responses. The benefits of trace minerals 
in the innate immune response, including neutrophil and 
macrophage transit and function, significantly prevent the 
beginning and development of an infection. The effects 
of strategically using trace minerals benefit the adaptive 
immune response, by enhanced antibody production and 
T-cell response, and provide the most benefit in situations 
before vaccination, disease challenges, and stressors. 
Additionally, trace mineral use in newborns, especially 
dairy calves, can be justified due to the lower concentration 
of some trace minerals in colostrum. It has been reported 
that calves supplemented within the first month of life with 
an injectable and multiple trace mineral formulation had 
reduced morbidity and mortality (Teixeira et al. 2014).

Different analytical approaches can assess the trace mineral 
profile of an animal. The hepatic mineral analysis represents 
the gold standard to evaluate animals’ mineral status. 
However, mineral analysis in whole blood or serum still has 
value due to the practicality of the collection; nonetheless, 
interpretation should be performed with care. Acceptable 
ranges of trace mineral concentrations in blood (serum and 
whole blood) and hepatic tissue can be found in Tables 1 
and 2, respectively. A common challenge in analyzing trace 
minerals and interpreting the test results is the inconsisten-
cy in the units used for their measurements. A conversion 
table to facilitate standardization related to trace minerals 
communication is available (Table 3). It is crucial when 
managing trace mineral nutrition in a holistic approach to 
assess the initial mineral status of cattle, as well as dietary 
contributions of trace minerals from feed, grass, water, and 
feed supplements. This additional information allows for 
more informed decisions about the sources of minerals and 
potential inhibitors, including the high levels of undesired 
macrominerals and trace minerals being ingested by cattle.

In summary, cattle health and productivity can benefit from 
trace minerals supplementation when used in accordance 
with the guidelines described here. Nevertheless, supple-
mentation of trace minerals is not a single solution but an 
aid in achieving optimal cattle performance. Other factors 

need to be addressed before determining the source, level, 
and management strategy for mineral supplementation. 
From a broad perspective, the most important and basic 
factors to consider when optimizing cattle production 
include, but are not limited to, adequate overall nutrition, 
low-stress cattle handling, management, biosecurity 
programs, and reduced pathogen burden in cattle housing.

Conclusion
Producers can utilize mineral supplementation to improve 
cattle production and herd health, which has the potential 
to reduce antibiotic usage. This is especially important 
because demands for higher food quality are continually 
increasing. Nonetheless, food animal professionals (veteri-
narians, nutritionists, animal scientists, and agronomists) 
have to take a teamwork approach in analyzing, guiding, 
and working with producers to bring exponentially high 
standards to the cattle industry and consequently to 
consumers.
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Table 1. Reference ranges for bovine trace mineral concentrations in serum and whole blood. Adapted from Herdt and Hoff, 2011.
Adults and Growing Calves Neonates

Cobalt (ng/mL) 0.17–2.0 0.18–2.3

Copper (µg/mL) 0.6–1.1 0.3–1.0

Iron (µg/mL) 1.1–2.5 0.25–1.7

Manganese (ng/mL) 0.9–6.0 1.0–4.0

Molybdenum (ng/mL) 2.0–35 1.0–15

Selenium (ng/mL) 65–140 20–70

Whole-blood selenium (ng/mL) 120–300 100–250

Zinc (µg/mL) 0.6–1.9 0.6–1.75

Table 2. Reference ranges for bovine hepatic trace mineral concentrations. Values are expressed on a dry tissue basis. Adapted 
from Herdt and Hoff, 2011.

Adults and Growing Calves Neonates

Cobalt (µg/g) 0.10–0.4 0.06–0.4

Copper (µg/g) 50–600 125–650

Iron (µg/g) 140–1000 160–1000

Manganese (µg/g) 5–15 3.5–15

Molybdenum (µg/g) 1–4 0.6–3

Selenium (µg/g) 0.7–2.5 1.5–3.5

Zinc (µg/mL) 90–400 120–400

Table 3. Useful mass unit concentration conversions. Adapted from Herdt and Hoff, 2011.
ng/mL = µg/L = parts per billion (ppb)

µg/mL = mg/L = parts per million (ppm)

ng/g = µg/kg = parts per billion (ppb)

µg/g = mg/kg = parts per million (ppm)


