
2. Structural functions such as the formation of the bones and teeth.

3. Regulatory functions where certain minerals are involved in regulating 
cell division, signal transduction and the production of hormones.

4. Catalytic functions where minerals act as catalysts in certain enzyme 
and hormone systems or form specific components of metalloenzymes.

The above broad functions can all be deemed essential to homoeostasis as 
well as optimal health and wellbeing. In any ruminant production system, 
these functions will underpin the three pillars of successful livestock farming: 
production, reproduction and immunity.

Trace minerals support many functions related to growth and immunity2 
and since growth, milk production and disease incidence (directly related 
to immunity) have a direct influence on profitability, it would be logical to 
infer that trace mineral nutrition management is essential in any dairy or 
calf/lamb growing operation. Trace mineral imbalances require the animal 
to compensate metabolically which may result in depressed performance 
resulting from reduced forage intake, lowered immunity, poor feed conversion 
and lower daily gains4. 

One of the most significant factors affecting profitability in ruminants is 
reproductive efficiency5 and a number of trace minerals are vital in ensuring 
optimal reproductive performance. Fertility is affected by nutrition in that 
specific nutrients are required for development of oocytes and spermatozoa, 
ovulation, fertilization, survival of the embryo and pregnancy establishment6. 

Fertility is also indirectly affected by its impact on hormones and other 
nutrient sensitive metabolites that are required for these processes. 
Even marginal or subclinical deficiencies of certain minerals can impair 

reproductive efficiency significantly. Minerals important in reproduction 
include copper, manganese, zinc, selenium and chromium5,7,8.

Introduction
Collectively speaking, minerals make up less than 5 % of the animal body1, 
however their functional importance in various physiological and metabolic 
functions is considerable. Trace mineral nutrition supports immunity, growth 
and reproduction in livestock2, and available forage, water and ingested soil 
are the primary source of such minerals. 

Although a mineral rich country, many parts of South Africa ironically find 
the soil and herbage deficient in certain important minerals such as copper, 
zinc, manganese and selenium1, resulting in the need for trace mineral 
supplementation in South African livestock.

Mineral supplements available on the South African market come in different 
forms including premixes, free choice loose mineral mixes, mineral salt 
blocks, oral drenches and injectable preparations amongst others. Although 
all the above-mentioned methods of supplementation are widely accepted 
and practised, injectable supplements and the minerals they contain will be 
discussed here.

The function of minerals
Broadly speaking, the function of minerals can be divided into four main 
categories3:

1. Physiological functions which include the minerals that occur in body 
fluids and tissues, such as electrolytes, and are involved in regulating 
acid-base balance, blood pressure and transmission of nerve signals 
amongst others.
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Contains manganese 10 mg/ml, zinc 40 mg/ml,
selenium 3 mg/ml.



Copper
Copper has for a long time been of known importance for ruminant 
production9,10 and is strongly influenced by dietary factors and other 
minerals including zinc, molybdenum and sulphur. Copper is important in the 
formation of metalloenzymes such as super-oxide dismutase, lysyl oxidase, 
ceruloplasmin and cytochrome oxidase amongst others10, making copper 
critical in bodily functions such as cellular respiration, neurotransmitter 
function, free radical defence, tissue synthesis as well as cardiac and blood 
vessel integrity11.

Low copper levels, or hypocuprosis, are often associated with female 
reproductive disorders, commonly resulting in embryonic loss and pre-
natal mortality12. Symptoms of deficiency usually occur post-natally in 
cattle and in-utero in sheep7, and although low copper levels in forage 
alone does not appear to have a significant effect on fertility, when the 
copper deficiency is combined with high molybdenum levels, cow fertility 
is adversely affected13. 

Copper is essential for development of the central nervous system of 
the embryonic lamb and studies have shown a high correlation between 
maternal and foetal copper levels 7. Lesions due to copper deficiency are a 
common finding on pastures with high molybdenum content 10 but this trend 
can be reversed by supplementing copper 13.

Copper also modulates host immunity by its involvement in the development 
and differentiation of immune cells, as well as providing anti-fungal properties 
at a cellular level 14. The mechanisms are complex but copper appears to be 
involved in progenitor cell differentiation of monocytes, as well as being 
concentrated in phagosomes and providing anti-bacterial bombardment 15,16.

Zinc
Zinc is notable because it is involved in a large number of biological process 
including cell proliferation, immune function as well as management of 
free radicals17. Zinc has an important function in skin and claw integrity 
due to its role in the formation of keratin18; it is not stored in the body and 
a constant supply is required to prevent deficiencies, which may lead to 
conditions such as parakeratosis, slowed growth, lethargy and reduced 
immunity to disease19.

Zinc has long been recognized as essential in normal reproductive 
functioning in males and females12. It plays an important role in the 
transcription of hyaluronic acid, which in turn makes up an essential 
component of the cumulus-oocyte complex in mammalian follicles17. Zinc 
is also essential for the formation of superoxide dismutase, an enzyme 
responsible for protecting cells (including oocytes) from damage caused 
by free radicals. Zinc deficient lambs show decreased spermatogenesis 
in lambs due to atrophy of the seminiferous tubules12, while zinc deficient 
calves were found to have significantly smaller testes. 

Zinc functions as a modulator in the immune system20 and this function is 
highly dependent on the availability of zinc. The immune system is very 
proliferative and particularly susceptible to zinc deficiency, which affects 
the survival, proliferation and differentiation of cells involved in both innate 
and adaptive immunity, including monocytes, polymorphonucleocytes, as 
well as natural killer-T- and B-cells. In the innate immune system, insufficient 
zinc levels lead to a decrease in chemotaxis by polymorphonucleocytes21, 
as well as a decrease in phagocytosis22. In the adaptive immune system, 
many cytokine dependent functions of T-cells are regulated by zinc and 
insufficient zinc levels may lead to thymic atrophy and subsequent T-cell 
lymphopaenia23.

Manganese and Cobalt
Manganese is involved in many of the same processes as copper and zinc, 
while cobalt is essential for the production of vitamin B12 or cobalamin4, an 
important component of enzymes used in metabolic reactions.

In gestating ruminants, manganese deficiency adversely affects the 
developing embryo7 and impacts on normal development of epiphyseal 
cartilage in the foetus. In 2003 McDowell demonstrated reduced 
conception rates in cattle and sheep fed manganese deficient diets24 
and male lambs receiving inadequate manganese demonstrated reduced 
testicular growth25.

Chromium
Chromium plays an important role in enhancing the effect of insulin which 
affects daily nutrient metabolism. It has also been shown to enhance 
antibody reactions to vaccines in cattle fed supplemental chromium26. Both 
factors will contribute strongly towards optimal production.

Chromium plays a role in optimal fertility by improving immune function, 
reducing tissue mobilization as well as reducing levels of non-esterified 
fatty acids. The incidence of retained placenta is often higher in immune-
impaired cows27, which will negatively impact measures of fertility. 
Chromium also plays a vital role in insulin metabolism8 and there is evidence 
that this metabolic hormone plays a role in ovarian follicular development 
as well as the release of luteinizing hormone, through its role in glucose 
metabolism.

The effects of chromium on the immune system has been difficult to 
elucidate, with the results of numerous studies being rather inconsistent28. 
In 2003, Faldyna et al. demonstrated an enhanced antibody response in 
cattle injected with a Clostridium tetani vaccine26, but it is postulated that 
the effect of chromium on immunity is more indirect through its effect 
of reducing serum concentrations of cortisol, a well-known immune 
suppressant29.

Selenium
Selenium status of the animal influences growth rates because of its 
involvement in the metabolism of thyroid hormones30; a deficiency 
of selenium causes a decrease in the blood triiodothyronine (T3) to 
tetraiodothyronine (T4) ratio, slowing down growth due to the relative 
decrease in T3.

Selenium deficiencies in ruminants have been associated with 
higher incidence of reduced fertility, retained placentas, mastitis 
and metritis30. In human males, selenium deficiency is also known to 
inhibit normal testosterone and spermatozoan synthesis31, whilst also 
reducing spermatozoan motility32. Along with zinc and cobalt, selenium 
supplementation has been shown to improve sperm motility, percentage of 
live sperm and sperm membrane integrity in lambs33,34. 

Selenium is notable for its role in the formation of various leukocytes 
including Natural Killer cells, Helper T-cells and Cytotoxic T-cells30. This 
becomes important in the incidence of diseases commonly problematic in 
dairy animals such as mastitis, where the functioning of phagocytic and 
cytotoxic cells is of primary importance. Selenium supplementation has 
also been shown to induce a higher level of IgG antibodies in dam serum 
and colostrum35, which resulted in higher serum IgG levels in the calf.
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Supplementation
Malnutrition and mineral deficiencies in particular have long 
been recognized as a cause of poor performance and disease 
in production animals7,36,37, both of which have a detrimental 
effect on the profitability of a farming enterprise. Ensuring 
optimal trace mineral levels in production animals has been 
shown to support production2,28,38, reproduction17,39 and 
immunity26,40,41 in ruminants. 

It stands to reason that increasing the mineral status of an 
animal when biological needs are increased, such as growing 
or breeding, would be advantageous39 – this can be achieved 
by giving supplements. However, supplementation requires 
considerable amounts of planning and expert knowledge, as 
simply supplementing excess amounts of all necessary minerals 
will not lead to optimal production and may even be deleterious. This is 
because interactions between various minerals can affect their relative levels 
in the body, particularly in ruminants10,42. These same minerals, many of which 
are co-factors in enzymes controlling free radicals in the body, may become 
pro-oxidants when consumed or administered in excess.

Injecting trace minerals into ruminants is advantageous compared to oral 
dosing in that the gastrointestinal tract is bypassed, thereby avoiding 
antagonists and competition for absorption43. Injecting trace minerals also 
provides a targeted and specified dose of minerals to individual animals2,39, 
eliminating the variability in voluntary intake in cattle provided access to free 
choice minerals44.

Commercially available injectable trace mineral supplements for cattle and 
sheep vary in content but generally contain various combinations of zinc, 
manganese, copper, chromium and selenium, the benefits of which were 
discussed earlier.

Mineral interactions and safety
Daily mineral requirements for cattle are widely published and available, but 
it must be stressed that these are minimum required concentrations in feed. 
Injectable mineral supplements should not be considered a replacement for 
good quality feed, but rather as a “top-up” designed to boost mineral levels 
during times of stress or additional need.

Although it is possible to cause toxicity by over-dosing certain minerals, 
the levels of these mineral within well-known and commercially available 
injectable supplements are far below the Maximum Tolerance Levels (MTL) 
stated in Table 1.

Interactions between minerals 
must also be taken into account, as 
many minerals are able to positively or 
negatively affect levels of other minerals10,42. 
A common example is the relationship between copper, molybdenum and 
sulphur discussed earlier in this article. When using mineral supplements, it 
is important to consider any mineral excesses which may occur naturally in a 
specific area; this is because if animals have high levels of a specific mineral, 
supplementation may push levels to toxic levels.

Table 1: Maximum tolerance levels allowed in 
supplementation of cattle and sheep 45

Element Maximum Tolerance Levels in Cattle (mg/kg)

Copper 40

Chromium (soluble) 100

Manganese 2 000

Selenium 5

Zinc 500

Conclusion
Trace mineral supplementation is essential in many areas to support optimal 
levels of production in ruminants. Symptoms of deficiencies are not often 
obvious, frequently manifesting as insidious, non-specific signs related to 
decreased production, negatively affected fertility and disease occurrence 
(immunity). 

It is important to seek expert advice when designing a supplementation 
program, which considers management practises, type of enterprise, 
species, as well as regional or local mineral levels in water, soil and herbage. 
Frequency of supplementation should also be carefully considered, taking into 
account therapeutic versus strategic supplementation at critical times in the 
production cycle, in order to ensure that financial benefit accrues from use of 
any particular supplement.
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