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Getting mineral nutrition right

1. How much should we feed?

2. Are we feeding enough, or too much?

3. What is the effect of over or under-feeding? 

4. What about mineral source?



Minerals of most interest



Major minerals (g/kg)

Trace minerals (mg/kg)

Minerals of most interest



Requirements based on the net requirement for:

Maintenance

Lactation

Growth

Foetus

▪ Converted to a dietary requirement (per d or per kg DM) by an absorption co-efficient

▪ Coefficient is low for many minerals (e.g. 5% Cu, 20% Zn)

How much minerals should be fed?

Dietary mineral concentration
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Are we feeding enough, or too much?

• Basal point = NRC (2001/2021); AFRC 

(1991), ARC (1980), CSIRO (2007)

• 50 herds sampled

• Average herd size = 245 cows and yield of 

7982 kg/cow

• Samples taken of TMR for lows and highs, 

dry, parlour concentrates, forages and water

• Details collected on supplementary mineral 

sources and levels.
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Typical winter mineral feeding levels

All herds

Organic herds
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Supply of minerals through water

• Mineral content of water varied 

considerably

• Up to 8% of Ca reqmnts could be 

through the water

• Up to 15% of Mg could be 

through the water

• Up to 9% of sodium could be 

supplied through water
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Mean and range for macro minerals



Mean and range for trace minerals



International feeding levels (Mg, P, Cu and Zn)
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Dairy farmer, vet and nutritionist attitudes
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Redfern, Sinclair & Robinson (2022)

F14: “Yes, they get just under half a 

kilo per head a day. They also have 

some ad lib minerals in a tub as 

well…It hasn't been used too much 

really. You can over mineral them 

sometimes can't you?”

Feeding pre-calving cows > 300% 

recommended ratess minerals 

provided ad-libitum.



Phosphorus
• Traditionally fed at high levels to benefit 

intake, milk production and reproduction

• Issues relating to cost and environmental 

impact

• Long term (4 yr) studies do not justify high 

levels of P

4.4 g/kg DM 3.6 g/kg DM s.e.m.

Yield, kg (year 4) 9002 8976 394.0

Fat, g/kg 39.9 40.7 1.26

Protein, g/kg 32.7 33.2 0.56

Depth of rib, mm 12.0 11.4 0.36

Faecal P output, g/d 75.0 41.2 1.31

CI, d (av. 4 lactn) 383 392 ns

Ferris et al., (2010a,b)



• Copper is the most common trace 
element deficiency in ruminants in UK

• Co-factor in 300 proteins

• Signs of deficiency include:

Pigmentation; Reproduction

Growth; Immune function;

Cardiac failure; Bones and joints

• Excess copper stored in liver

• 20 to 30 cases of toxicity per annum

Intravascular haemolysis

Anaemia/jaundice

Blood in urine

Dull/letharigic

Copper: an iceberg indicator



Copper feeding levels

In early lactation: 

• 6 out of 50 herds feeding 
above 40 mg/kg DM 

• 40 above 20 mg/kg DM

In late lactation:

• 2 out of 50 herds feeding 
above 40 mg/kg DM 

• 27 above 20 mg/kg DM
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We are still feeding too much!!

Why?

▪ Don’t know how much is fed?

▪ Unsure about effect of antagonists

▪ Feeding excess is better than too little?

▪ Excess feeding is OK?



Heifer study

• 80 heifers paired at 4 months of age

• Two treatments:

• Control- 15 mg/kg DM

• High- 27 mg/kg DM- Cu oxide bolus

• Sampled between 4 months and ~30 months 

of age

• Performance- weight, BCS, intake, milk 

yield

• Liver biopsies- 7 months, 13.5 months, 

pre-calving, week 16 of lactation

• Fertility- pre- and post calving

• Immune challenge- 17.5 months & week 

4 of lactation



Performance from 4 to 22 months of age in heifers fed a 

recommended (C) or high (H) Cu diet
Cu supplementation 

level Significance1

C H s.e.d. Cu

Intial weight, kg 137 138 1.9 0.593

Final Weight, kg 527 537 7.0 0.154

Weight change, kg/day 0.76 0.79 0.014 0.033

1P values; Cu= main effect of Cu source supplementation level.

Over-feeding copper and performance



Performance from 4 to 22 months of age in heifers fed a 

recommended (C) or high (H) Cu diet
Cu supplementation 

level Significance1

C H s.e.d. Cu

Intial weight, kg 137 138 1.9 0.593

Final Weight, kg 527 537 7.0 0.154

Weight change, kg/day 0.76 0.79 0.014 0.033

Initial Body condition 2.93 2.89 0.037 0.405

Final Body condition 3.01 3.17 0.063 0.018

Body condition change 0.09 0.26 0.072 0.025

1P values; Cu= main effect of Cu source supplementation level.

Over-feeding copper and performance



Maiden heifer fertility

High and low copper supplementation level on replacement dairy heifer fertility.

Treatment1

C H SED CI (95%) P-value

Oestrus onset, d 359 299 25.0 0.022

1Treatments: Control; 15 mg Cu/kg DM, High; 27 mg Cu/kg DM



High and low copper supplementation level on replacement dairy heifer fertility.

Treatment1

C H SED CI (95%) P-value

Oestrus onset, d 359 299 25.0 0.022

Services per conception 1.4 1.9 0.23 0.040

Pregnancy to 1st service, % 59.4 46.9 0.44, 1.77 0.486

Pregnancy to 1st and 2nd service, % 96.9 75.0 1.35, 6.68 0.008

1Treatments: Control; 15 mg Cu/kg DM, High; 27 mg Cu/kg DM

Maiden heifer fertility



Hepatic Cu concentration (mg/kg DM)
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Significant liver damage from over-feeding 
copper

• Indicators of liver damage 

(AST, GGT, GLDH) very 

high in all heifers

• Declined with time but 

remained high for longer in 

heifers fed high Cu



No effect on plasma copper
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Post-calving
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time, P <0.001, copper x time, P = 0.144.  
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Hepatic Cu concentration (mg/kg DM)
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Possible benefits of over-feeding minerals?

• Action of antagonists e.g. K and Mg

Zn and Cu

Sulfur/Mo and Cu

Iodine and goitrogens in brassicas

• Increase milk concentrations of minerals and vitamins

e.g. Selenium enhanced milk

Higher iodine concentrations

Vitamin B12

Vitamin E

• Improvement in immune response/fertility?



What about organic/chelated minerals?

• Most mineral supplements are inorganic (e.g. CuSO4, ZnO)

• Naturally, minerals mainly present as part of organic compounds

• Supplements available that also supply trace minerals in organic form

- attached to protein or amino acid

- attached to sugar

Claimed to be more “bioavailable”, particularly in pigs and poultry

Evidence strong Se (e.g. Surai et a., 2019) 

increasing Zn (e.g. Cope et al., 2009; Faulkner et al., 2017)

poor Cu (e.g. Sinclair et al., 2013)



Take Home Message

▪ Over feeding minerals on most dairy farms:

- often from several sources

- often nobody knows how much is being fed

▪ Underfeeding minerals affects performance and health

▪ Over feeding minerals affects diet cost, environment and can also alter 

health, fertility and performance

Analyse forage/concentrates for minerals, take all sources into account 

and one person responsible

If you don’t measure it, you can’t manage it
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