
Working with farmers to optimise mineral balance in grazing 1 

sheep. 2 

 3 

Background: Trace mineral analysis is a useful but under-utilised tool in ruminant livestock 4 
production. Routine on-farm use of diagnostic techniques can help ensure animal requirements 5 
are being met through improved supplementation choices and timing of diagnostics. 6 

Aim of the article: This article discusses the practical importance of trace mineral testing and 7 
supplementation in sheep flocks with a case study of trace mineral management. 8 

 9 

Key learning outcomes: 10 

After reading this article you should have an understanding of; 11 

 The importance of collecting routine blood, liver and forage samples in the 12 
development of a supplemental strategy. 13 

 The role different blood and liver analytes play in mineral status determination. 14 
 Some methods by which to diagnose and remedy trace element imbalances within a 15 

flock. 16 

The importance of assessing trace mineral status 17 
Mineral nutrition is important in livestock production and should be considered as part of a 18 
whole farm approach to efficient production, particularly as farms move to optimise health and 19 
production. Optimising mineral balance ensures the sheep have sufficient mineral nutrition for 20 
their requirements which may improve fertility, immune function and body condition, and 21 
lower mortality rates; without overspending on unnecessary minerals, or introducing the risks 22 
associated with oversupply and toxicity (NRC 2007; Suttle 2010). 23 

After first ensuring that feed intake, including, protein and energy needs are met, and infectious 24 
diseases are well managed, mineral provision can be investigated as a cause of poor health or 25 
sub-optimal production. Sheep production typically relies heavily on the utilisation of grazed 26 
and conserved grass, although some housed systems may rely on cereals. Irrespective of source, 27 
the main ‘bulk’ of the diet should ideally provide all the nutritional elements required. 28 
However, it is widely acknowledged that in many areas and on many farms forages and 29 
feedstuffs may over or undersupply various nutrients (AHVLA 2014; AFBI 2016; Clarkson 30 
and Kendall 2018), and the nutritional composition of pasture will also vary during the year 31 
and between years (Wiener and others 1978; Humann-Ziehank and others 2008; Clarkson and 32 
Kendall 2018). These variations, in addition to breed-related differences in mineral uptake and 33 
metabolism, mean that no two farms will be the same, providing an ideal opportunity for vets 34 
to work alongside farmers to establish an effective mineral programme. 35 

Throughout the UK, the decision to provide mineral supplementation may be arbitrarily based 36 
on perceived nutritional deficiency, historic practice, or on analysis of grass, soil or animal 37 
parameters (Hession and others 2018; Clarkson 2019). Traditionally, mineral status may have 38 
been measured using an inconsistent and sporadic approach, with minimal measurements of 39 
blood parameters carried out as isolated tests. While this may provide useful information, if 40 



the goal is for optimal production and preventive nutrition, this alone may be inadequate for 41 
some trace elements. Mineral supplementation should be based on a thorough understanding 42 
of the total diet, considering if the forage analysis reflects the bioavailable supply of the 43 
mineral, and if the complete diet is balanced to mitigate the influence of interactions between 44 
minerals. The mineral supply can then be periodically reviewed alongside any management 45 
changes such as land improvements, changes in breed or stock numbers, or changes to the 46 
timing of key events (e.g., lambing) to maintain an optimal approach.   47 

How to assess trace mineral status 48 

Forage analysis 49 
It is important to start by analysing the full range of pasture and conserved forage which 50 
constitute the animal’s primary diet and subsequently, trace mineral intake. Forage mineral 51 
analysis confirms the total amount of element in the sample, and can detect minerals in forms 52 
which are not necessarily available to the sheep; examples include iron and manganese which 53 
are typically very low in availability versus the detected concentrations (Ammerman and others 54 
1995). Forage analysis typically generates a visual report which compares the forage to 55 
‘typical’ values, which do not relate to the animal’s requirements. In simple terms, always use 56 
the stated amount and do not rely on the low, average and high descriptive graphs.  57 

Soil and forage analysis is considerably advantageous to farmers over animal samples due to 58 
the ease of collection and lower analysis costs (Judson and McFarlane 1998). Soil cannot be 59 
used as an indicator of mineral issues in stock due to poor correlation between soil content, 60 
pasture uptake and, animal parameters (Ben-Shahar and Coe 1992; Judson and McFarlane 61 
1998; Akhtar and others 2007; Dickson 2016). Forage analyses should be used as the 62 
management tool to identify which mineral element samples you may take from stock.  63 

Forage analysis is necessary and cannot be considered as a ‘one-off’ activity. Seasonal changes 64 
alongside; rainfall, soil pH, species, strain and, maturity of the plant, are known to affect the 65 
mineral concentration of pastures (Dezfoulian and others 2012; SFC 2014; Clarkson and 66 
Kendall 2018). Trace minerals are also unevenly distributed in grasses, with leaves containing 67 
higher concentrations than stems (Suttle 2010). For these reasons it is important that forage 68 
samples are collected from each of the grazed areas and at varying times of year, allowing a 69 
picture of the nutrient provision specific to the farm to be built up over several years (Kendall 70 
and Bone 2019). Staggering the fields sampled to build a picture year on year can produce this 71 
effect without being too onerous as well as spreading the costs over time.  72 

It is important to be aware that conserving forage can have an impact on mineral content and 73 
availability, especially through soil contamination which has been reported to negatively 74 
impact on animal production (Martens and others 2018), or ensiling increasing iron availability 75 
and its subsequent potential to negatively affect other mineral’s absorption (Hansen and Spears 76 
2009). 77 

Animal analyses 78 
Due to the potential for elemental interaction and genetic variation in livestock, dietary analysis 79 
should not be used in isolation but should be supported by analysis of animal parameters (Laven 80 
and Livesey 2004, 2005). Blood sampling carries advantages in that the samples are easily 81 
obtained, it is cost effective and widely available, but, the use of blood parameters alone 82 
provides an insight into the relatively immediate, short-term intake and status, and some 83 
parameters do not vary greatly unless the diet is extremely deficient or greatly in excess (Laven 84 



and Livesey 2009). Elemental serum or plasma concentrations may also represent the presence 85 
or absence of certain minerals, but not necessarily their functionality (Laven and others 2007). 86 
Blood enzyme function may give a better reflection of function, but may be influenced by 87 
unrelated internal or external factors such as stress or disease (Twomey and others 2005; Laven 88 
and others 2007). Despite these drawbacks, blood parameters remain useful to give a reflection 89 
of the animal’s current status, especially when they are used year after year in conjunction with 90 
liver tissue and forage analysis (reviewed in Box 1).  91 

Liver tissue samples are valuable for assessing the concentration of elements excreted via the 92 
hepatic system as they represent the longer-term mineral status and previous diet, not the 93 
present status of the animal, allowing perennial trends to be assessed (Laven and Livesey 94 
2006). Liver tissue samples can be obtained through abattoir recovery, post-mortem recovery; 95 
especially from trauma culls, or via liver biopsy (technique shown in Box 2). 96 

 97 

When to assess trace mineral status 98 
Prime opportunities for animal assessment in grazing ewes are at post-weaning and pre-99 
tupping. At these times both liver and blood can be collected to allow historic and present 100 
mineral status to be determined and necessary action taken ahead of key production periods, 101 
with sufficient time (up to 6 weeks) after a requirement is defined for the supplement to take 102 
full effect. 103 

Sample sizes can be optimised based on the management of the flock to keep labour and costs 104 
at an optimum (discussed in Box 3). However, it is paramount that a random selection of 105 
healthy animals are used to give a fair representation, and that those with suspected clinical 106 
signs, other illnesses and, either the best individuals or ‘poor-doers’ are not specifically chosen. 107 

For flocks where liver tissue sampling is undertaken by biopsy, and where there is a risk of 108 
parasitism with Fasciola hepatica, it is recommended that the random sample of ewes selected 109 
are pre-treated with a flukicide appropriate to the expected stage of parasitism at least three 110 
weeks prior to biopsy, to reduce the risk of haemorrhage in the sampled ewes.  111 

A further key opportunity is presented pre-lambing, where trace element analysis can coincide 112 
with metabolic profiles for energy and protein. However, if ewes are being fed a supplementary 113 
diet at this time the data gathered may not be a true representation. At this stage, it is 114 
recommended that blood samples only are collected, as the risk from stress and complications 115 
from live liver biopsy are too high in the pregnant ewe. Also, due to the longer-term nature in 116 
the variation of hepatic concentrations, large changes would not be expected. Analysis can 117 
allow the immediate and medium-term status to be assessed alongside the efficacy of any 118 
changes implemented pre-tupping and any final adjustment, if required, ahead of lambing.  119 

It is important to consider supplementation as part of a continuous cycle with analysis (Figure 120 
1). Continued monitoring of animal status and forage provision is important, to allow the 121 
supplementation and management strategy to be best tailored to the animal’s requirements. It 122 
may need several years of liver and forage data to fully build up a complete picture. Once this 123 
has been established, further analysis allows strategies to be reviewed over the years as both 124 
the grazing pasture and the sheep may change over time.  125 



A case study of on farm mineral management 126 
This case study is included as it gives a worked example of investigation, analysis and 127 
management changes, together with implementation challenges which may frequently be 128 
encountered by practitioners.  129 

The flock comprised 450 Welsh mules, grazing 100 hectares in Wales. The ewes grazed mostly 130 
lowland pasture, with a short period spent on improved upland pasture around lambing time 131 
followed by housing for lambing. As with many sheep farms the trace mineral status of the 132 
flock was unknown and supplementation was routinely provided through a multi-element 133 
drench solution containing copper as copper sulphate, cobalt as cobalt sulphate, iodine as 134 
potassium iodide and selenium as sodium selenite, given twice, approximately two months and 135 
one month before tupping.  136 

Initial status and actions 137 
Investigation began by carrying out trace mineral analysis on a pooled grass sample (mixed ley 138 
with a high proportion of rye grasses, collected mid-summer 2018) taken from the two large 139 
areas grazed in rotation by the sheep, as well as conserved forage samples from baled silage 140 
(mixed ley with a high proportion of rye grasses). In addition, liver biopsies and blood samples 141 
were taken from eight randomly selected ewes pre-tupping and prior to the usual 142 
supplementation in summer 2018. All analyses were undertaken at the University of 143 
Nottingham Veterinary Nutritional Analysis (NUVetNA) service according to their 144 
commercial protocols. 145 

The results from the pasture, conserved forage and animal samples indicated that the animals’ 146 
copper status was being inhibited by elevated sulphur (3.73 g/kg DM) which can interfere with 147 
copper between 2-4 g/kg DM (NRC 2000, 2001, 2007), molybdenum (9.6 mg/kg DM) which 148 
can interfere with copper at concentrations >0.5 mg/kg DM; where sulphur is also elevated 149 
(Bone 2010; Axelson and others 2018; Laven 2018), and iron (782 mg/kg DM) where 150 
concentrations exceed 250 mg/kg DM (Bremner and others 1987; Prabowo and others 1988; 151 
Mullis and others 2003). Despite sufficient basal copper in the feeds (10.5 mg/kg DM) the 152 
presence of antagonists over these thresholds in combination with lowered liver copper status 153 
and blood parameters supported this conclusion. 154 

Selenium concentration was low in both forage types (0.03 & 0.05 mg/kg DM) and insufficient 155 
to meet the expected requirements (0.04-0.5 mg/kg DM, NRC 2007). The liver selenium status 156 
was in the deficient range, as were the blood parameters. However, the plasma selenium was 157 
higher than the expected level of GSHPx suggesting the animals were less likely to require 158 
supplementation.  159 

Cobalt concentrations were within sufficient range in the feeds (0.01-0.2, NRC, 2007) and the 160 
plasma cobalt status of the animals appeared above normal range. However, plasma vitamin 161 
B12, a truer measure of functionality, was unavailable, which would have been useful as hepatic 162 
cobalt status was in the marginal-low range. 163 

Both zinc and manganese in the feeds were sufficient to meet animal requirements (22-45 & 164 
10-34 mg/kg DM respectively, NRC 2007), but appeared in the marginal-low/deficient ranges 165 
in the animal parameters.  166 

From these initial results (Figure 2) it was recommended that a bolus to provide long-term (6 167 
months), slow and continuous release of copper and selenium supplementation would be ideal 168 



(supplement choices are reviewed in Box 4), as the animals were out at pasture and this would 169 
provide a direct to animal dose to cover the grazing period. However, the farmer had 170 
administered the multi-element drench shortly after sampling and before the results were 171 
known. This raised concerns over copper toxicity if another source of copper was administered 172 
at this time. As a compromise, a further multi-component, trace element drench was given at 173 
scanning to counteract the expected decline in these elements. 174 

Review for lambing 175 
The flock was re-examined and re-sampled for blood only (n=8 sheep) three to four weeks 176 
prior to lambing as part of a metabolic profiling exercise to help, ‘fine tune’ the energy and 177 
protein supply for lambing. The ewes had been housed three weeks earlier (six weeks before 178 
lambing) and a small amount of concentrate feed had been introduced at a rate of 125g per 179 
lamb carried, commencing around the point of sampling. As the opportunity arose, liver tissue 180 
samples (n=8) were taken from new-born lambs that died from natural causes (e.g., dystocia, 181 
smothering, starvation etc.) for trace element analysis. 182 

The two-drench approach was shown to be inadequate. The blood results showed that some of 183 
the ewes had worryingly low plasma copper concentrations and copper enzyme activity. 184 
Concern was raised with the farmer about the very real possibility of clinical swayback being 185 
observed in the lambs as a result. Plasma selenium was also low and although GSHPx had 186 
some results within normal range plasma selenium was lower than the expected level of GSHPx 187 
suggesting the animals required immediate supplementation. 188 

As lambing had now commenced, the opportunity for intervention was limited; very close 189 
monitoring was carried out. Fortunately, no clinical cases of swayback were observed. 190 
However, lamb liver concentrations confirmed copper deficiency and both cobalt and selenium 191 
were towards the lower end of normal range. On the understanding that the sheep would be 192 
returning to the pasture for approximately 9-10 months, the decision was taken to supplement 193 
the ewes with copper and selenium, this time using a longer lasting (6 month) bolus, which 194 
also contained cobalt, as they left the shed and went back to pasture. 195 

Summer review 196 
In the summer of 2019, eight random ewes from the flock were again selected for investigation. 197 
The purpose was once more twofold: firstly, to evaluate the trace element status of the ewes to 198 
see if a similar intervention as in 2018 was required. Secondly, to monitor the response of the 199 
ewes to the trace element interventions already given. This year sampling was carried out a 200 
little earlier, one month post weaning, allowing more time to adjust and plan supplementation. 201 

It was expected that the elements provided by the bolus would be utilised within ~6 months 202 
and then at post-weaning/pre-tupping in the autumn a similar bolus could be given to provide 203 
better supplementation for the pregnant ewes. However, the blood and liver results pre-tupping 204 
in 2019 were highly varied. Whilst some ewes were predictably deficient in copper, some 205 
demonstrated much higher liver copper concentrations and blood parameters. Although, many 206 
were within the normal range, some were also elevated which raised concerns that further 207 
copper supplementation could result in toxicity. As it was not possible to identify all the ewes 208 
at risk, copper supplementation was withheld at this time. Instead, to correct the low selenium 209 
concentrations in both liver, plasma and GSHPx, a selenium-only drench was recommended at 210 
pre-tupping and again at scanning. The farmer provided these as a selenium-cobalt combined 211 
drench. 212 



Unfortunately, no analysis was conducted at pre-lambing in 2019 which meant that the efficacy 213 
of the drenches could not be checked.  214 

Pre-tupping review 215 
Returning to the farm pre-tupping in summer 2020 healthy, randomly selected ewes (n=8) were 216 
again analysed for their blood and liver status. The results continued to indicate that the 217 
selenium and copper status of the ewes was less than ideal. The hepatic copper status still had 218 
wide variation but bordering on normal range, with none of the sampled animals in the elevated 219 
range. The functional copper parameters in the blood were also lowered. Hepatic selenium 220 
remained in the deficient range with the blood parameters bordering marginal-low and bottom 221 
end of the normal range. Hepatic cobalt was noticed to be increasing year on year, likely due 222 
to its inclusion in the multi-element supplements, although this was of low concern. The advice 223 
was to provide a slow-release (6-9 month) bolus containing copper, selenium and cobalt 224 
administered one month before tupping, hopefully allowing a suitable supply of these elements 225 
during gestation and lactation with a ‘washout period’ prior to the next tupping season (2021).   226 

Cost analysis 227 
Typical laboratory costs vary with service and package but range between £20-40 per sample 228 
for forages and blood analysis, and from £20-50 per sample for tissue (2020 prices). Services 229 
are available from NUVetNA, Biobest, Axiom and Albion Laboratory Services as well as 230 
others. The post-tupping investigation included examination, blood, and tissue sampling for 8 231 
ewes totalling £723.25. This figure included a veterinary examination and sampling fee, 232 
laboratory fees, parasitic screening, and consultation. Pre-lambing monitoring included 233 
examination and blood sampling costing £576.42. Including examination and sampling fees, 234 
laboratory fees, and a consultation fee. 235 

Farmers would also need to consider the costs associated with forage sampling, for which the 236 
number of samples could vary widely between farms, depending on the structure of the farm. 237 
Currently sample analysis costs are in the region of £26.00 per sample.  238 

Therefore, for two post-weaning/pre-tupping investigations and one pre-lambing investigation, 239 
together with three forage samples the total commercial cost could be £2100.92. However, 240 
there are several ways these costs could be reduced, although there would likely be a loss of 241 
potentially useful data in some instances. For example, laboratory submission fees can be saved 242 
if farmers group together with neighbouring farms and send samples together. The cost of blood 243 
analysis per sample can be reduced if energy and protein analyses are not required or if just 244 
energy or just protein is required.  245 

An unnecessary bolus could cost in the region of £1 per ewe which, if necessary, is likely to 246 
deliver a return, yet if not, it is an unnecessary cost on a potentially large scale. Similarly, over-247 
supplying ewes with concentrate feed pre-lambing can result in a large feed bill, together with 248 
consequences such as an increased number of large lambs and fat ewes with consequent 249 
dystocia and its increased veterinary costs. Conversely, under supplying concentrate feed pre-250 
lambing is likely to result in reduced milk quality and quantity, with potential production and 251 
disease consequences for both ewes and lambs, as well as an increase the number of ewes with 252 
difficulties lambing, and, may potentially lead to pregnancy toxaemia and its consequences in 253 
some ewes.  254 



Summary and conclusions 255 
Managing trace mineral supplementation strategy on farm is multi-faceted. Imbalances of 256 
multiple elements simultaneously can make management problematic. The tendency of farmers 257 
to take action not based on analysis, in combination with the use of multi-element products can 258 
further complicate matters. Essentially, it is most important to balance the expectations of the 259 
animal’s requirements with their input from all sources. Routine testing needs to be done in 260 
good time to highlight the potential problems at key stages in production and to allow ample 261 
time for their effective correction. Analysis on an ongoing basis to build a year-on-year picture 262 
also helps to inform decision making, to track, assess, and predict the likelihood of potential 263 
problems as well as allowing longer-term patterns to emerge. The data gathered from pasture 264 
analysis should be used to predict the risk of imbalance. However, before a supplemental 265 
strategy is devised and implemented it is important to consider the expected changes to 266 
management, especially in terms of housing, where different feeds may be used. Additionally, 267 
failure to account for any previous over-supplementation, along with the resulting increase in 268 
supply, can increase the risk of toxicity, especially for elements such as copper.  269 

All supplementation strategies should be based on input and status data, although persuading 270 
farmers to move away from their traditional methods and strategies may pose challenges in 271 
practice. It is important to assess the efficacy of any strategy which can be done through simple 272 
checks on farm such as providing supplementation to one group of animals within the 273 
management group or to keep a small number of sentinels who receive no supplementation to 274 
see if there is a performance difference to the others. 275 
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ACKNOWLEDGEMENTS 277 

The authors gratefully acknowledge funding for this project from European Innovation 278 
Partnership (project number 16) with additional funding from Bimeda Animal Health, 279 
laboratory support from the NUVetNA service at the University of Nottingham and input and 280 
assistance from Gwyn Jones, Wern Vets CYF. 281 

 282 

REFERENCES 283 

AFBI (2016) Warning of the risk of chronic copper poisioning in sheep. 284 

AHVLA (2014) Veterinary Investigation Surveillance Report (VIDA). 285 
http://apha.defra.gov.uk/vet-gateway/surveillance/reports.htm. 286 

AKHTAR, M.Z., KHAN, A., SARWAR, M. and JAVAID, A. (2007) Influence of soil and 287 
forage minerals on buffalo (Bubalus bubalis) parturient haemoglobinuria. Journal of 288 
Animal Science 20, 393–398. 289 

AMMERMAN, C.B., BAKER, D.H. and LEWIS, A.J. (1995) Bioavailability of Nutrients for 290 
Animals. New York Academic Press. 291 

AXELSON, U., SÖDERSTRÖM, M. and JONSSON, A. (2018) Risk assessment of high 292 
concentrations of molybdenum in forage. Environmental Geochemistry and Health 40, 293 
2685–2694. 294 

BEN-SHAHAR, R. and COE, M.J. (1992) The relationships between soil factors, grass 295 



nutrients and the foraging behaviour of wildebeest and zebra. Oecologia 90, 422–428. 296 

BONE, P.A. (2010) Copper deficiency, molybdenum toxicity and copper toxicity: Where are 297 
we now? Cattle Practice 18, 73–75. 298 

BREMNER, I., HUMPHRIES, W.R., PHILLIPPO, M., WALKER, M.J. and MORRICE, 299 
P.C. (1987) Iron induced copper deficiency in calves: Dose-response relationships and 300 
interactions with molybdenum and sulphur. Animal Production 45, 403–414. 301 

CLARKSON, A.H. (2019) The copper conundrum: Elucidating the modes of copper 302 
antagonism in the rumen. PhD. Thesis. University of Nottingham. 303 

CLARKSON, A.H. and KENDALL, N.R. (2018) Seasonality of copper and its antagonist 304 
elements in grazing pasture. In British Society of Animal Science. p 53. 305 

DEZFOULIAN, A.H., ALIARABI, H., TABATABAEI, M.M., ZAMANI, P., ALIPOUR, D., 306 
BAHARI, A. and FADAYIFAR, A. (2012) Influence of different levels and sources of 307 
copper supplementation on performance, some blood parameters, nutrient digestibility 308 
and mineral balance in lambs. Livestock Science 147, 9–19. 309 

DICKSON, H. (2016) Copper deficiency: A review of the economic cost and current 310 
constraints to effective management of copper deficiency in southern Australian sheep 311 
flocks. http://marketingdatabase.tat.or.th/download/article/research/1201finalreport.pdf. 312 

GOULD, L. and KENDALL, N.R. (2011) Role of the rumen in copper and thiomolybdate 313 
absorption. Nutrition Research Reviews 24, 176–182. 314 

HANSEN, S.L. and SPEARS, J.W. (2009) Bioaccessibility of iron from soil is increased by 315 
silage fermentation. Journal of Dairy Science 92, 2896–2905. 316 

HESSION, D. V, HANRAHAN, K., KENDALL, N.R., MORAN, B. and KEADY, T.W. 317 
(2018) A survey of mineral supplementation and delivery strategies on Irish sheep 318 
farms. Advances in Animal Bioscience 9, 56. 319 

HUMANN-ZIEHANK, E., GANTER, M., HENNIG-PAUKA, I. and BINDER, A. (2008) 320 
Trace mineral status and liver and blood parameters in sheep without mineral supply 321 
compared to local roe deer (Capreolus capreolus) populations. Small Ruminant Research 322 
75, 185–191. 323 

JUDSON, G.J. and MCFARLANE, J.D. (1998) Mineral disorders in grazing livestock and 324 
the usefulness of soil and plant analysis in the assessment of these disorders. Australian 325 
Journal of Experimental Agriculture 38, 707–723. 326 

KENDALL, N.R. and BONE, P.A. (2019) Farm and laboratory assessment of mineral 327 
availability in ruminants. In Recent Advances in Animal Nutrition. pp 29–35. 328 

LAVEN, R.A. (2018) Molybdenum Toxicity. https://www.nadis.org.uk/disease-a-329 
z/cattle/molybdenum-toxicity/. 330 

LAVEN, R.A., LAWRENCE, K.E. and LIVESEY, C.T. (2007) The assessment of blood 331 
copper status in cattle: A comparison of measurements of caeruloplasmin and elemental 332 
copper in serum and plasma. New Zealand Veterinary Journal 55, 171–176. 333 

LAVEN, R.A. and LIVESEY, C.T. (2006) An evaluation of the effect of clotting and 334 
processing of blood samples on the recovery of copper from bovine blood. Veterinary 335 
Journal 171, 295–300. 336 



LAVEN, R.A. and LIVESEY, C.T. (2005) The diagnosis of copper related disease, Part 2: 337 
Copper responsive disorders. Cattle Practice 13, 55–60. 338 

LAVEN, R.A. and LIVESEY, C.T. (2004) The diagnosis of copper related disease: Do we 339 
have the necessary tools? Part 1: Prevalence of disease and the diagnosis of copper 340 
toxicity. Cattle Practice 12, 265–270. 341 

LAVEN, R.A. and LIVESEY, C.T. (2009) The impact of sample choice on the ratio of 342 
ceruloplasmin activity to copper concentration. Cattle Practice 17, 90–95. 343 

MARTENS, S.D., MAJEWSKA-PINDA, A., BENKMANN, A., ZENTEK, J., SPOLDERS, 344 
M., SIMON, A., SCHAFFT, H. and STEINHÖFEL, O. (2018) Influence of soil 345 
contamination before and after ensiling on mineral composition of grass silages, feed 346 
intake and carry-over to body tissue of goats. Journal of Animal and Feed Sciences 27, 347 
307–316. 348 

MULLIS, L.A., SPEARS, J.W. and MCCRAW, R.L. (2003) Effects of breed (Angus vs 349 
Simmental) and copper and zinc source on mineral status of steers fed high dietary iron. 350 
Journal of Animal Science 81, 318–322. 351 

NRC (2000) Nutrient Requirements of Beef Cattle. 7th Rev. e. National Academies Press. 352 

NRC (2001) Nutrient Requirements of Dairy Cattle. 7th Rev. e. National Academy Press. 353 

NRC (2007) Nutrient Requirements of Small ruminants: sheep, goats, cervids, and new world 354 
camelids. National Academies Press. 355 

PRABOWO, A., SPEARS, J.W. and GOODE, L. (1988) Effects of dietary iron on 356 
performance and mineral utilization in lambs fed a forage based diet. Journal of Animal 357 
Science 66, 2028–2035. 358 

SFC (2014) Trace Mineral Status of Saskatchewan Pastures: Effect of Location, Season and 359 
Forage Species. http://www.saskforage.ca/images/pdfs/Projects/ADF Trace Mineral 360 
Status of SK Pastures_web.pdf. 361 

SUTTLE, N.F. (2010) Mineral Nutrition of Livestock. 4th ed. CABI Publishing. 362 
doi:10.1079/9781845934729.0000. 363 

TWOMEY, P.J., VILJOEN, A., HOUSE, I.M., REYNOLDS, T.M. and WIERZBICKI, A.S. 364 
(2005) Relationship between serum copper, ceruloplasmin, and non–ceruloplasmin-365 
bound copper in routine clinical practice. Clinical Chemistry 51, 1558–1559. 366 

WIENER, G., SUTTLE, N.F., FIELD, A.C., HERBERT, J.G. and WOOLLIAMS, J.A. 367 
(1978) Breed differences in copper metabolism in sheep. Journal of Agricultural Science 368 
91, 433–441. 369 

 370 

  371 



BOX 1: COMMON TRACE MINERAL ANALYTES AND WHAT THEY MEASURE 372 

Analyte Role 
Glutathione peroxidase 
(GSHPx) 

GSHPx is a medium-term (~6 weeks) measure of functional selenium through 
enzyme activity.  

Plasma selenium 
Plasma selenium concentrations reflect the short-term (<1 week) selenium 
content of the blood, it does not indicate if the selenium is biologically 
functional. 

Liver selenium 
Liver concentrations represent the longer-term (>6 months) selenium status. 
While short-term changes will not be reflected changes over several months to 
years indicate trends towards depletion or accumulation. 

Caeruloplasmin (Cp) 

Cp is a short-term (<1 week) measure of functional copper through the enzyme’s 
activity, which can also be elevated during acute phase responses (Livesey and 
others, 2002). 
It is important to differentiate between the different assays for Cp activity and 
concentration; as Cp can be released in a non-copper containing form making Cp 
activity the more reliable measure. 
May give an indication of systemic interactions on functional copper. 

Superoxide dismutase 
(SOD) 

SOD is a medium-term (~6 weeks) measure of functional copper through enzyme 
activity. SOD does tend to vary with age and species. 
May give an indication of systemic interactions on functional copper. 

Plasma copper 
Plasma copper concentrations reflect the short-term (<1 week) copper content 
of the blood, it does not indicate if the copper is biologically functional. 

Liver copper 

Hepatic copper concentration is considered the best measure for total body 
copper status, due to the sequestering of copper in the hepatocytes (Strickland 
and others 2019), Liver concentrations represent the longer-term (>6 months) 
copper status. While short-term changes will not be reflected, changes over 
several months to years indicate trends towards depletion or accumulation. 

Plasma cobalt 
Cobalt concentrations can easily be raised by increased cobalt intakes and 
supplementation without necessarily being available for incorporation in vitamin 
B12. 

Vitamin B12 
Vitamin B12 concentration is a short-term measure of the functional role of 
cobalt. 

Liver cobalt 
Liver concentrations represent the longer-term (>6 months) cobalt status. While 
short-term changes will not be reflected changes over several months to years 
indicate trends towards depletion or accumulation. 

Plasma zinc 
Plasma zinc concentrations reflect the short-term zinc content of the blood. 
Plasma zinc levels may also be lowered by stress or infection. 

Liver manganese 
Liver concentrations represent the longer-term (>6 months) manganese status. 
While short-term changes will not be reflected changes over several months to 
years indicate trends towards depletion or accumulation. 

Plasma inorganic iodine/ 
urine iodine 

Plasma inorganic iodine and urine iodine both report iodine supply. Selenium 
status should always be assessed when considering iodine as selenium deficiency 
impairs iodine function (conversion of T4 to T3). 
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BOX 2: SHEEP LIVER BIOPSY TECHNIQUE 

Restrain the sheep in left lateral recumbency. The site of incision is located at the 11th 
intercostal space on the right-hand side, at a distance of approximately one third ventral 
to the dorsal spinous processes.  The area should be clipped and prepared aseptically 
(Figure a). A bulla of local anaesthetic (approximately 5ml) is infused into the skin and 
intercostal muscles. Once anaesthesia has taken effect make a small stab incision 
through the skin with a scalpel and then insert a 4mm trochar and cannula. This should 
be directed either transversely directly towards the opposite side of the sheep, or at an 
angle directly towards the contralateral elbow (Figure b). The trocar and cannular are 
advanced through the intercostal muscles and the diaphragm, at which point movement 
can be felt as the sheep breathes in and out. The trocar should then be removed before 
the cannular is advanced 1-2 cm further into the liver parenchyma and rotated slightly.  
A 10ml syringe should then be attached to the cannular and approximately 5-10ml of 
negative pressure applied to ensure tissue aspiration, before the swift withdrawal of the 
cannular and syringe together (Figure c). The liver tissue should then be deposited onto 
a sterile swab to remove the excess blood before transfer into a plain sterile container 
using forceps (Figure d). 

a) b)  

c) d)   

Figures: a) Aseptic preparation of the site of incision; b) careful advancement of a 4mm 
trocar and cannular; c) negative pressure applied via syringe to aid aspiration of the liver 
tissue as the cannular is withdrawn; d) depositing the liver tissue in a sterile container 
after blotting on a sterile swab. 
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BOX 4: BENEFITS AND DRAWBACKS OF DIFFERENT SUPPLEMENT TYPES  378 

Supplement 
type Benefits Drawbacks 

Pre-mixes in 
feed 

Easy to administer. 
No animal handling required. 
Can be tailored by mineral and by 
management group. 

Often formulated to textbook values not 
calculated to requirements. 
Not useful in grazed extensive settings. 
Miscalculations or inadequate mixing can 
cause toxicity problems. 

Free-access 
minerals 

Easy to administer. 
No animal handling required. 
Multi-element combinations available 
for different production stages. 
Inexpensive. 

Unpredictable/ variable dose provided to each 
animal as some animals may consume a lot 
more than others. 
May exacerbate imbalance in the flock rather 
than remedy it. 
Palatable ingredients drive consumption not 
requirement. 
Unable to balance the mix to requirement. 

Drenches 

Intended to last 1-2 months. 
Animals receive an individual dose. 
Useful to correct deficiency. 
Available as single or multi-element 
mixes. 
Can be inexpensive. 

Different elements have different response 
times and may last less than expected. 
Efficacy of the individual minerals varies in the 
mixture. 
Typically, Se lasts around 6 weeks more than 
the other minerals in drenches. 
Manufacturers tend to base stated duration 
on Se although the other minerals will likely 
have a shorter duration. For Co, Cu and Zn this 
may be only a few days.  
Animals must be tolerant of high 
concentrations to avoid toxicity. 
Administration requires handling. 

Boluses 

Intended to last several months. 
Animals receive an individual dose. 
Available as multi-element mixes. 
Slow-release lowers acute toxicity risk. 

Length of activity is debated. 
Cu, Co, Zn and Iodine may last for the length 
of bolus dissolution. 
Infusion rate may be too low to correct severe 
deficiency. 
Administration requires handling and can take 
longer than drenching. 
Dissolution and absorption rates vary for 
different elements in the bolus. 
Elemental composition cannot be tailored. 

BOX 3: SELECTING A SUITABLE SAMPLE SIZE 

When flocks are managed as separate management groups 4 sheep per group should be 
sufficient. When the flock are managed as a single group/flock this can be reduced to 6-8 
individuals. Different individuals could be chosen for blood or liver sampling to further increase 
the range and reduce stress on individuals. However, paired sampling (liver tissue and blood 
samples from the same animal) can offer nuanced insights into mineral assimilation over the 
short, medium and longer term for the sampled animals.  



May be formulated at the maximum 
permissible limits (MPL), supply may be above 
this limit with the background supply. 

Injections 

Intended to last several months. 
Animals receive an individual dose. 
Useful for rapid remedy of a single 
mineral deficiency such as copper or 
selenium. 

Administration requires handling and is time 
consuming. 
Risk of complications such as swelling and 
abscesses. 
Animals must be tolerant of high 
concentrations to avoid toxicity. 
Parenteral routes bypass normal homeostatic 
and absorptive controls which can predispose 
some animals to toxicity, especially for 
copper. 
Vitamin B12 injections are expected to have a 
short duration of <1 month. 
Not available for all elements. 

Pasture 
dressing 

Easy to administer. 
No animal handling required. 

Unknown dose provided to each animal. 
Inaccurate distribution can lead to toxicity 
problems. 
Rainfall can wash away dressing. 
Efficacy is highly debated. 
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Figure 1: A diagram to show the cyclical nature of the supplemental cycle.  381 



 382 

Figure 2: Mean blood and tissue results for animal parameters from 8 random ewes pre-tupping 383 
2018. Arrow points to mean with mean value stated above. Parentheses and error bars show 384 
standard deviation. Interpretation scale based on ranges provided by NUVetNA laboratories.  385 
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