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Abstract 

Conditions conducive to the occurrence of trace element deficiencies and the different methods of 
identifying such deficiencies were discussed. Available information on the trace element nutritional status of 
grazers in the eastern regions of the Free State and Mpumalanga was evaluated. The evidence suggested that 
grazing animals in these regions tend to have a marginal deficiency in selenium, and a marginal copper 
deficiency is likely to occur in certain areas. It was recommended that grazers in these regions should benefit 
from the supplemetation of selenium and copper.  
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Introduction 

Trace elements of significance in the nutrition of grazing animals are cobalt (Co), copper (Cu), iodine 
(I), iron (Fe), manganese (Mn), selenium (Se) and zinc (Zn). (Please note that this presentation does not 
include the need for the supplementation of macro-elements such as phosphorus and calcium in the region). 

The eastern Free State (including towns such as Bethlehem, Vrede, Reitz, Warden and Fouriesburg) 
and eastern Mpumalanga (including towns such as Amersfoort, Volksrust and Wakkerstroom) are situated 
according to the Acocks (1953) classification in sour to mixed grassvelds, with a relatively high rainfall and 
sandy soils. 

Factors that could have an effect on trace element nutrition of grazing animals in these regions are: 
Vegetation - grasslands, relatively high rainfall with sandy soils, acid soils, incidence of acid rain in some 
areas. 
 
Conditions conducive to the occurrence of trace element deficiencies in animals 
(where a response to supplementation would occur) 
 
1. The obvious reason would be when the concentration of these elements in the feed and drinking water is 
lower than what is required by the animals.   
 
2. Animals could have an inadequate intake of minerals because they are suffering from a feed shortage, such 
as during droughts or sourveld winters without supplementation. 
  
3. Antagonistic interactions between elements and other ingredients in both the plant and the animal. This 
occurs when some elements are present in high concentrations.  
 
4. Where reactions to trace element deficiencies are NOT overshadowed by deficiencies in nutrients with 
higher priority in the body, such as energy, protein or macro-elements, or overshadowed by the 
consequences of diseases and parasites. 
 
5. Factors that increase the requirements of these trace elements, e.g. stress and the presence of free radicals 
(i.e. substances harmful to the body which could be by-products from metabolism or external poisonous 
substances). 
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Identifying trace element deficiencies 
1. Deficiency symptoms 

When an acute mineral deficiency (depleted tissue reserves) occurs, symptoms that are fairly typical 
of such a mineral deficiency would be evident, and the problem can be diagnosed with reasonable accuracy. 
These symptoms are described in text books on nutrition and are the ones we get our students to memorise. 
These include goitre with an iodine deficiency, swayback with a copper deficiency, white muscle disease 
with a selenium deficiency, etc. Acute deficiencies can have devastating effects on the profitability of a farm.  
However, these symptoms are only manifested in cases of clinical deficiencies, usually present only in a very 
small proportion of a herd or flock. Gross deficiencies are like the tip of an iceberg with most of the problem 
hidden as a borderline, subclinical or marginal malady without these typical clinical symptoms. 

Borderline problems due to reduced tissue reserves are vastly more costly overall because they are 
much more widespread.  A marginal deficiency in an essential mineral is likely to reduce milk production, 
growth rate, resistance to disease or infection, and/or reproduction by a small percentage; and usually all 
animals are not equally affected.  Because of the variation normally encountered in these responses, 
performance of a herd can be reduced enough to materially lower the net income without the problem being 
either suspected or easily diagnosable by the best of specialists.   

Consequently, advisors have to make use of other measures of predicting the mineral status of 
animals, such as information from the soil, feed, animal tissues and/or feeding experiments. 
 
2. Soil analyses/evaluation 

Mineral composition of the soil and other soil characteristics in a region can be used as a starting point 
in predicting possible mineral problems in grazing animals. Leached sandy soils (high rainfall areas) are 
usually fairly acid and contain low levels of elements. 

The concentration of mineral elements in the soil can be determined as a preliminary evaluation to 
establish if an element is present in the soil. Soil tests involve the measurement of concentration of water 
soluble, exchangeable, complexed and reducible fractions within the soil.  

Methods of regional reconnaissance are indirect methods of evaluation, and will provide an average 
composition of soils over a relatively large area with the maximum economy of samples. These techniques 
include geological mapping, stream sediment geochemistry, remote sensing by aircraft or satellite on the 
basis of colour of reflectivity variation induced in plants by variations in soil chemistry, etc. Such maps and 
summaries have been very useful to advisors as a guide, but it is impossible on any practical scale of 
mapping or summarization, to depict the actual areas of deficiency.  

From a mineral nutritional point of view acidity / alkalinity of the soil is very important because it has 
a major influence on the bio-availability of the elements in the soil to plants. Bio-availability of iron, 
manganese, zinc, cobalt and copper is higher in acid than in alkaline soils (provided that the mineral is 
present in the soil). The bio-availability of selenium, molybdenum, calcium and phosphorus is higher in 
alkaline than in acid soils. However, at a low soil pH, aluminium becomes very reactive and suppresses the 
absorption of many elements by plants, especially that of phosphorus. 

“Acid rain” is a problem in certain parts of this region: 
Prolonged exposure to acid rain would reduce soil pH, though usually mainly in the top layer. The pH 

of water would be reduced. Because of the acidity, it will have a corrosive effect on metal containing 
material, which would increase the content of elements such as iron, manganese and copper in the 
environment. Acid rain contains high levels of sulphur.  Both the acidity and the sulphur content would 
affect mineral metabolism in plants and animals. 

Because of the more acid conditions the bio-availability of selenium in soil to the plant will be 
decreased. Sulphur also suppresses the availability of selenium to the animal. It can be concluded that a 
selenium deficiency is the most likely problem for the animal when acid rain becomes a problem.  Acidic 
conditions will make elements in the soil such as iron, manganese, copper and zinc more available to plants.  
However, iron, zinc and sulphur are antagonistic to copper absorption in animals. The effect of acid rain on 
copper metabolism in the animal will depend on how much reactive iron and zinc are present in the diet as a 
consequence of acid rain. If these levels are high in plants, the consequence of acid rain would be a reduced 
copper absorption. If acid rain resulted in higher copper absorption by plants, because levels of iron and zinc 
are not excessive, copper status of the animal would probably be increased.  
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3. Mineral composition of feed 
Factors affecting mineral concentrations in plants 

• Plant species differ in potential to take up minerals from soils; 
• Plant maturity and plant parts;  
• Soil type - minerals present in soil;  
• Soil acidity – affect mineral availability to plants; 
• Levels of other elements that interact with the absorption of a specific element; 
• Fertilizers, dung and urine; 
• Contamination - acid rain, sulphur in water, dust and pollution, etc. 

 
It would be very useful to be able to analyse the feed taken in by the animals to establish if the feed 

contains sufficient levels of the essential minerals. Under grazing conditions this is a problem because of 
feed selection, since different parts of plants are selected and differing proportions of different plant species 
are consumed. Furthermore, the concentration of elements in plants varies between growth stages of the plant 
and therefore between seasons of the year. 

The concentration of an element in a feed cannot be evaluated in isolation because of the interactions 
between elements, both antagonistic (one element interferes with the absorption or utilization of another) and 
synergistic (positive effects between elements) 

In comparison to other nutrients and even macro elements, the concentration of trace elements in 
plants can vary tremendously. This is demonstrated in Table 1.  
 
 
Table 1 Variation in nutrient composition in a legume – grass pasture  (Miller, 1981) 
 

 Range 
 Lowest – Highest  

Fold difference  
Between lowest and highest 

Digestible energy (%) 51 – 71 1.4 
Crude protein (g/kg) 60 – 25 4.2 
Manganese (mg/kg) 6 – 265 44 

Iron (mg/kg) 10 – 2600 260 
Copper (mg/kg) 2 – 92 46 

Zinc (mg/kg) 8 – 300 38 
 
 

Therefore, the use of mineral concentration reported in tables is notoriously unreliable and really 
useless, especially in the case of trace elements. This implies that book or table values are of little value as an 
indication of the trace mineral concentrations in plants from a specific region. Chemical analyses have to be 
performed on plant samples from an area. 

However, in the case of some trace elements, the composition of tissues and fluids are not reliable in 
indicating mineral status of the animal, and interpretation has to rely on feed analysis.  A case in point is zinc 
concentrations in feed, which is the only reliable measure of indicating the potential zinc status of the animal. 
 
4. Analysing animal tissues and fluids 

A variety of analyses can and have been done on bodily tissues and fluid. In some analyses the actual 
concentration of the element is measured, in others the activity or concentration of enzymes containing the 
element and other metabolites in the body can be assayed. 

Unfortunately many if not most of these are not very reliable, or useful only at certain levels of intake.  
The concentrations of copper and selenium in the liver and selenium concentration in whole blood increase 
fairly linearly with increase in intake. Such analyses give a fairly reliable indication of the mineral status of 
the animal. This is also true in the case of some enzymes. However, for most other elements, tissue 
concentrations remain relatively constant over a wide range of intakes. Only at very low and very high 
intakes would it deviate from the normal range.  In the UP Nutrilab we recommend that tissues be analysed 
for selenium, copper, and if problems are likely, manganese, iron, cobalt, and that of heavy metals. Tissue 
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analyses are notoriously unreliable to determine zinc status of animals, e.g. any factor causing stress in the 
animal would result in a drop in zinc concentrations in bodily fluids and tissues. 

 
 

Table 2  Useful analyses in predicting mineral status of livestock (Van Ryssen, 2003, adapted from Judson 
& McFarlane, 1998) 
 
 
Element Liver 

Blood/ 
plasma 

Rib 
Bone Milk Kidney Faeces 

Feed 
Water 

Ca  Ca Ca*    Ca 
Mg  Mg     Mg 
P  P P*   P P 
Co B12 B12, MMA  B12   Co 
Cu Cu Cu 

Cp 
  Cu Cu** Cu, Mo, S, 

Fe, Zn 

Fe Fe Hb      
I  T4, T3  I    
Mn  Mn**    Mn** Mn 
Se Se Se, GSH-Px  Se    
Zn  Zn**    Zn** Zn 
Pb Pb    Pb Pb Pb 
* per volume bone;  ** some indication of status if mineral intakes are low 
MMA = methyl malonic acid; Cp = caeruloplasmin; Hb = haemoglobin;  
T4, T3 = tetra- & tri-iodothyronine; GSH-Px = glutathione peroxidase 
 
 
5. Supplementation trials (Dose-response trials) 

This is the most reliable approach to ascertain the existence of a deficiency on a farm. 
Limitation in supplementation - response trails: 

Expensive and time consuming to conduct; 
Relevant to the specific farm or situation; 
Response varies between years:  

Australian study: response to cobalt supplementation was positive in 5 out of 14 years 
(Caple & McDonald, 1983); 

Response only when the trace element is the first limiting nutrient (See later); 
Response limited to, or most pronounced in the tail-end of a herd.  Economical responses depend on 
the proportion of the herd responding to supplementation. 
 

A warning statement in the book on mineral nutrition by Underwood & Suttle (1999) is applicable to 
many so-called “boereproewe”: “Unless a sufficient number of animals are left unsupplemented as controls, 
the benefits from supplementation cannot be gauged. Only naïve or unscrupulous investigators conduct trials 
without untreated animals. Before and after treatment’ comparisons are notoriously unreliable, because any 
spontaneous recoveries (e.g. acquired immunity to gut parasites) or new constraints (e.g. drought) will give 
false positives or negatives”. 
 
Evidence of trace mineral problems in the eastern Free State and eastern Mpumalanga 
 
Deficiency symptoms 

Unfortunately clinical symptoms of deficiencies that occurred are rarely reported in the scientific 
literature. Occurrences are sporadic, and probably filed in office records.   

Van Niekerk (1996) reported the occurrence of parakeratosis (dry, brittle skin with lesions) in cattle 
near Bethlehem. He concluded that the parakeratosis was the result of a zinc deficiency, though suggested 
that it could be due to the consumption of high levels of a calcium and phosphorus–containing lick during 
winter.  
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It has been suggested that animals in some parts of these regions may suffer from an iodine 
deficiency. Unfortunately I could not obtain any documented evidence of that. 
 
Soils in the region 

Soils in the area are classified as acidic, originating from sandstone (Acocks, 1953). Unfortunately, I 
did not obtain much information on the mineral composition of the soils.  However, such information should 
be available from the Council of Geoscience. The fact that the soils are acid and sandy, and that acid rain 
could be a problem alerts me to the possibility that one should look at the selenium status of animals as a 
potential problem. Although the acidic soils would result in a high availability of zinc, iron and manganese to 
plants, it will only be of significance if these elements have not been leached out.  Copper is more 
problematic because of different factors that can affect its bio-availability. 
 
Results from feed analyses 

Truter & Louw (1958) reported the results of a country-wide survey on the copper composition of 
natural vegetation in South Africa. Samples were collected every three months from the same farm. A 
proportion of samples from the eastern grassvelds contained low levels of copper.  

In the 1950’s studies were conducted in the Bethlehem and Standerton districts on the mineral content 
of the pasture. Ferreira (1958) found that grass from the Bethlehem Experimental Station contained an 
average 4.8 mg Cu/kg DM in July, 4.4 mg Cu/kg DM in November and in February 3.9 mg Cu/kg DM.  
Although these concentrations were below requirements no response to copper supplementation was 
observed in cattle and sheep. The mean liver Cu concentration of the unsupplemented animals was 73 mg/kg 
DM, where the upper limit for a marginal Cu deficiency is 75 mg/kg DM. 

Agenbag (1958) determined the magnesium and copper concentrations of veldgrass in the Standerton 
district. The Cu concentrations varied from 2.8 mg/kg DM in July, to 6.7 mg/kg DM in November and 7.8 
mg/kg DM in February. However, no responses to copper supplementation could be observed in sheep and 
cattle.  It could be concluded that copper concentrations were relatively low, especially in winter, but 
conditions were such that no responses to supplementation were observed. 
 
Results from tissue and fluid analyses 

Tissue analyses are frequently done on animals in these and other regions of the country. 
Unfortunately such information is not readily available. The collection and collating of such data and data on 
plant analyses would be of great assistance in getting a better picture of the trace element status of animals in 
the different regions of the country.   

Analyses of mineral concentrations in blood and livers were conducted on samples from livestock and 
game in our laboratory (UPNutrilab) and at the Allerton Veterinary Laboratory in Pietermaritzburg (received 
from Dr Hannes Dreyer, Vrede). Our results form part a survey using livers from game (Van Ryssen & 
Hoon, 2005) to establish the selenium status of grazing animals in areas insufficiently covered in a 2001 
review (Van Ryssen, 2001) and to obtain information on the nutritional status of the game for other trace 
elements. The results are presented in tables 3, 4 and 5. 
 
 
Table 3 Mineral concentrations (mg/L) in blood and plasma of bulls from the Veld-Bull Club, Vrede 
 

 Test 1 Test 2 Norm 
indicating adequate intakes 

Whole blood 
Selenium  

 
0.71 

 
0.72 

 
> 1.0 

Plasma 
Copper  

 
0.6 

 
0.58 

 
> 0.6 

Zinc 10.3 - > 0.6 
Calcium 92 - > 80 

Phosphorus 66 - 4 - 60 
Magnesium 21 - 18 - 32 
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Although these bulls were probably well-fed, the selenium concentration in the blood suggests that they 
suffered from a marginal selenium deficiency.  Their copper levels were at the lower end of sufficiency. 

 
 

Table 4 Mineral concentrations in blesbok livers (n = 70) from different areas of the highland grassvelds 
 

Area Copper 
g/kg DM 

Selenium 
µg/kg DM 

Manganese 
g/kg DM 

Deficient < 25 < 40 < 6 Norm* Marginal < 75 < 400 ? 
Riemland 95 256 13.8 

Warden / Reitz 66 327 12.2 
Amersfoort 89 280 12.0 
Dullstroom 94 225 14.2 

Mean of area 83 290 12.4 
% marginally deficient 43% 95% 0% 

* Norms based on criteria for cattle and sheep 
 
 

None of the samples analysed, indicated an acute deficiency in selenium. However, the selenium 
concentration in the livers of most of these animals suggests a marginal selenium deficiency.  Almost half 
the animals showed a marginal deficiency in copper.  Manganese concentration in livers is not a very reliable 
indicator of manganese status. However, at low manganese intakes the concentration in the liver tends to be 
lower than the fairly constant concentrations which occur over a large range of intakes. As part of the study 
reported in Table 4, the copper, selenium and manganese levels were also measured in springbok in the 
Karoo, an area where a manganese deficiency is more likely than in the sourveld regions. The livers of 24% 
of the springbok suggested that they have a marginal manganese deficiency (Van Ryssen & Hoon, 2005). 
 
 
Table 5 Mean mineral concentrations in the livers of grazing animals in areas adjacent to the eastern 
highveld and results from other game species 
 

Sheep livers  
 Copper Selenium Manganese 
 

Fauresmith* (n = 21) 
 

183 
 

704 
 

11.6 
Cattle livers 

Ncandu  
(Northern KwaZulu-Natal) 

68 580 11.6 

Black Wildebeest (1) & Red Hartebeest (1) 
Vrede (n = 2) 14 250 11.6 
* Sweetveld area –low rainfall, more alkaline soils 
 
 

The selenium status of animals in the drier areas not falling in the eastern highveld, was all within 
normal range while those of the two game species from Vrede were marginally deficient. It is interesting to 
note that liver copper levels of the black wildebeest and the red hartebeest from Vrede suggested that they 
suffered from an acute copper deficiency – based on cattle and sheep norms.  

Erasmus & Faanhof (1983) reported blood selenium concentrations in sheep (n = 39) in the 
Bethlehem/Fouriesburg area of 65 µg/L, indicating a marginal selenium deficiency, compared to 
concentrations of 165 µg/L and 360 µg/L in the Kroonstad and Bultfontein districts, respectively. 
 
Conclusion 

From the available information it seems as if a marginal selenium deficiency is quite widespread in 
this region.  A marginal copper deficiency does seem to occur, but is more localized and sporadic. 
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Because of the acid soils, it is unlikely that an iron deficiency would exist. Likewise, a zinc deficiency 
is not really expected, but may occur due to other factors inducing it. Manganese does not seem to be a 
problem.  

The consequences of the marginal selenium and copper deficiencies in animals in the region would be 
variable. Lower production could occur, and positive responses to supplementation would depend on the 
proportion a herd or flock deficient. If subjected to challenges, e.g. pathogens, marginally deficient animals 
would be more susceptible to the disease. This would fluctuate from year to year. 

It should be pointed out that the parameters used to get an indication of the mineral status of the 
animals were all long-term predictors. Further studies will have to be conducted to establish if there are 
seasonal differences in the status of the animals. 

 
Supplementation 
Approach to trace element supplementation 

• Caution: Don’t develop a mineral mania and blame any problem and lower production on a mineral 
deficiency. 

•  First rectify deficiencies in the nutrients with highest priority to the body, viz. energy and protein 
(enough food), and than macro minerals. By simply supplying sufficient feed, one can overcome low 
intakes of trace elements as well. 

• Sort out animal health problems first. 
 

Expected responses 
1) Nutrients with highest priority: An accepted principle is: “Compared to inadequate energy and 
protein nutrition, parasitism, diseases and inclement weather, trace element deficiencies are not 
important causes of poor performance of livestock” (Caple & McDonald, 1983). “Broader health and 
production problems are more important causes of low production than trace element deficiencies”.   

 
2) Requirements for trace minerals are highest if animal performance is high, i.e. meeting the criteria 
of adequate energy and protein intakes and healthy animals. The best responses to trace mineral 
supplementation are usually obtained under these conditions, i.e. during the summer when grazing is 
of a good quality. Deficiencies in trace elements would make them the first limiting nutrients. 

 
3) Micronutrients involved in antioxidant actions in body: Animals subjected to low levels of nutrition 
would benefit from an adequate supply of the micronutrients involved in antioxidant functions in the 
body (Cronje et al., 2006). These micronutrients (antioxidants) are zinc, selenium, copper, iron, 
manganese, vitamin E, vitamin C, β-carotene, bio-flavonoids and others. Cronje et al. (2006) 
concluded that animals in a poor state of nutrition such as during a drought should benefit from the 
supplementation of these micronutrients. It is a well-accepted fact that animals in a poor condition are 
more susceptible to health problems than well-nourished animals in a good condition. 
 
4) Within a herd or flock a response to supplementation would be observed only in those animals 
suffering from the deficiency.  This could be a small or large proportion of the herd or flock. The 
economic response to supplementation would therefore fluctuate between herds. Positive reactions 
would also vary from year to year. 

 
Methods of Supplementation 
1. Supplementation of potentially deficient minerals 

Once these potential deficiencies have been established, steps can be taken to supplement the mineral. 
It was concluded in our investigations that at least selenium and copper should be supplemented in the 
eastern Free State and Mpumalanga. Different methods of supplementation exist: 

• The specific trace elements can be included in the summer and/or winter lick. These are usually 
included by the manufacturers of the licks.  One problem with licks is that the intake by animals can 
vary tremendously. Some animals may take in too much, others very little; 
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• Pasture can be fertilised with the deficient minerals, e.g. selenium. In this country this is only 
practical on cultivated pastures. 

• Injectable commercial products are on the market, and contain one or more of the trace elements. 
They can be applied at strategic stages during the season, e.g. before mating and before 
calving/lambing;  

• More expensive long-acting, slow releasing products are available; 
• Slow releasing bullets/pellets can be dosed.  They stay in the rumen and release the element over a 

long period of time. However, I am not sure if any of these products are still on the market in South 
Africa;  

 
Although these last three methods are more expensive and labour-intensive because each individual 

animal has to be treated individually, they have the advantage that each animal receives the supplement, 
compared to supplying through licks, where intakes by animals in a herd or group can vary substantially. 
Application of these supplements should be done strictly according to instructions. 

Warning: Both selenium and copper are very toxic at high intakes. Sheep are especially susceptible to 
copper toxicity. Feed manufacturers are, in any case, very cautious when including copper in supplements 
for sheep. European and British sheep breeds are very susceptible to copper toxicity compared to the Merino. 
The Ile de France is probably the most susceptible breed in South Africa.  

Before other methods of supplementation are used, the farmer should make sure that these elements 
are not also present in the licks supplied to the animals. 
 
2. Include all minerals in licks or purchased feeds (the so-called “shotgun” approach) 

Supply all essential elements at 100%, 50% or 25% of requirements (McDowell et al., 1997). 
Percentage of each element supplemented will depend on known or perceived deficiencies. This approach 
safeguards against any possible deficiency.  

Although it has some extra cost implications, minerals constitute only a small proportion of total feed 
cost. However, minerals can be oversupplied, using the “shotgun approach”. Because of negative interactions 
between minerals, an excess of one element can result in a deficiency of another. Miller (1979) stated that 
one of the major dangers of the unneeded minerals is that borderline toxicity and imbalance problems may be 
created which will have a similar undetected effect on performance and thereby on net profits.  

Manufacturers of pig and poultry diets usually add complete mineral and vitamin premixes routinely 
to their diets, irrespective of what is naturally in the raw materials. It is simply too expensive and time-
consuming to determine the mineral composition of raw materials routinely in laboratories.  
 
3. Home mixing 

Warning: Trace elements are required in minute quantities. Mistakes in the calculation, weighing and 
mixing can easily occur. It is therefore advisable to leave the inclusion of these elements in licks to the 
supplier of supplements, rather than mixing licks on the farm. By law the advisor must be a registered 
professional animal scientist who has specialized in animal nutrition.   

 
Conclusion 

Grazing animals in the eastern Free State and Mpumalanga should benefit from the supplementation 
of selenium and copper, though benefits are not necessarily always very obvious and clear, because some of 
these would be improved resistance to diseases, also during periods of feed scarcity.  
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