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Introduction

Trace element

References: [1, 2, 20, 21]

Present in and essential for the activity of numerous enzymes, cofactors and reactive proteins

Essentiality of Cu depends on its ability to gain and lose an electron to form cuprous (Cu+) and cupric (Cu2+) states

Essential nutrient [20, 21]
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Cu Functions

References: [2, 20, 21]

Energy production Cytochrome c oxidase

Connective tissue formation Lysyl oxidase

Iron metabolism Ferroxidases
Ferrous iron (Fe2+) → Ferric iron (Fe3+)

Caeruloplasmin

Hephaestin

Ferroxidase II

Central nervous system
Neurotransmitter synthesis

Formation and maintenance of myelin

Dopamine β-hydroxylase

Melanin formation Tyrosinase

Antioxidant functions
Superoxide dismutase

Regulation of gene expression

Diamine oxidase

Peptidylglycine-α-amidating
monooxygenase

Monoamine oxidase

Thiol oxidase



Ctr1 GSH

CCS

Cox17

Atox1

Intestinal Cu metabolism

SOD Cu2+

Cu2+
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Cu+
Cu2+

ENTEROCYTE

Menkes’ 
disease

References: [1, 3 – 5, 9]

MT

MT
MTCu2+

Cu+

Cybrd1

Major sites of Cu absorption 
duodenum and proximal jejunumABSORPTION

1 – 10% in Ruminants
30 – 60% in non-Ruminants

Excessive dietary Zn 
exposure induces 

intestinal MTs which 
block the transfer of Cu 

into the portal 
circulation



Hepatic Cu metabolism

Cu2+

Cu2+

Ctr1NADH

Cu+

HEPATOCYTE

GSH

Cox17

CCS SOD

Atox1

ATP7B

COMMD1

Cp
Cp

CpCp
Cp

BILE

Wilson’s 
disease

Canine copper 
toxicosis

References: [1, 3 – 5, 9] Residency Class – ESVCN - 2020

MT

MT MT

60-70% of plasma 
Cu is found in Cp

Hepatobiliary excretion accounts 
for 98% of Cu excretion



Cu homeostasis

Cu-limiting conditions

↓ hepatobiliary excretion

↑ intestinal uptake and transfer

↓ sequestering in MT

Cu-replete conditions

↑ hepatobiliary excretion

↓ intestinal uptake

↑ sequestering in MT

References: [1, 3 – 5, 9, 25]
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Ruminants Non-ruminantsvs

Interspecific differences

↓ capacity of Cu excreƟon with the bile

↓ Tolerance

Only a small amount of Cu is bound to MT in the hepatocyte

↑ capacity of Cu excreƟon with the bile

↑ Tolerance

Most of Cu (up to 80%) is bound to MT in the hepatocyte
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Cu in feed materials

References: [26, 44]

Geological origin of soil influences Cu 
concentrations in plants and plant materials

Cu concentration in soil
Soil conditions (e.g. pH, ion exchange capacity)

Soil Organic Matter
Fertilisation

Application of Cu as fungicide
Genetic differences in plant species

Part of the plant
Stage of maturity

Cereals, legumes and oilseeds
5 – 35 mg Cu/kg

http://www.feedipedia.org/

Oilseed meals
5 – 60 mg Cu/kg

Forages
3 – 10 mg Cu/kg DM

Dried grape pomace
75 mg Cu/kg

Trace minerals supplements
Premixes

Loose mineral mixes
Mineral blocks/licks or buckets



Cu in agriculture
Cu is used in agriculture to control a variety of fungal and bacterial 
diseases, most importantly in vineyards, orchards, and vegetable 
production (including potatoes)

Cu is the only active ingredient with strong antimicrobial activity 
approved for use in Organic Agriculture

Grape downy mildewApple scabPotato late blight

In the majority of EU countries the 
use of Cu is restricted to a 
maximum of 6 kg/ha/year

Negative environmental effects, notably on soil organisms 
and crop auxiliary species

10 – 20 applications per year

Figure from: [37]

mg Cu/kg 
soil
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Disposal of Cu-enriched manure

References: [26, 35, 36, 38, 39]

In the EU, animal manure can be used as organic fertiliser

In pig farming, faecal Cu accounts for up to 72-80% of the amount ingested

Nitrate Directive 91/676/EEC poses a limit of 170 kg/ha/year of nitrogen (N) from organic manure

Nicholson et al. reported that an application of 250 kg/ha of N with pig slurry made a contribution of 1.6 kg Cu/ha
Moral et al. reported that an application of 210 kg/ha of N with pig slurry made a contribution of 3.8 kg Cu/ha
Provolo et al. reported that an application of 200 kg/ha of N with pig slurry made a contribution of >0.5 kg Cu/ha

There is no legal threshold for Cu in animal manure, this is indirectly controlled by limitations in animal feed

In piglets Until August 13th 2019 As of August 13th 2019
Up to 4 weeks post-weaning 170 mg Cu/kg feed 150 mg Cu/kg feed
5 to 8 weeks post weaning 170 mg Cu/kg feed 100 mg Cu/kg feed
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Cu interactions with dietary constituents

References: [26, 44]

Presence of PHYTATE in cereal grains and oilseeds may depress the availability of Cu in 
monogastric animals

No consistent effect of microbial phytase addition on Cu status of pigs and poultry

High exposure to ZINC may block the transfer of Cu from the gut by inducing enterocytic 
metallothionein which sequesters Cu in the intestinal epithelium
Induction of hepatic MTs promotes sequestering of free Cu in the non-toxic MT-bound form

High IRON can negatively influence Cu absorption, 
especially in the presence of high sulphur Fe-Cu-S complexes in the rumen

Cu

Cu

Cu
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Thiomolybdates in Ruminants

RUMEN INTESTINE

TISSUES

Mo

S

Cu

MoSn*

CuMoSn

MoSnCuMoSn

MoSn

Metalloenzyme CuMoSn

Metalloenzyme Cu

*thiomolybdate series MoSnO2-
(4 - n) where n is 1 to 4

Figure from: [6]

1
2

3

Diet
Soil

Water

References: [2, 6 – 8, 10, 17 – 19, 26, 45]

Mo in feed materials
Normally <1 mg /kg

Oilseed meals 2 – 4 mg/kg
Lucerne and grass 1.5 – 3 mg/kg

Depending on the type of soil
up to 7 mg/kg in grasses
and 20 mg/kg in legumes [45]

S in the diet
2 g/kg DM [26]



[2, 22 – 24, 26]

6 – 25 mg Cu/kg DM feed

Highest requirements are 
meant for dairy cows in the 
close-up period and in the 

first weeks after parturition

5 – 14 mg Cu/kg DM feed Piglets and growing-
finishing pigs

6 mg Cu/kg feed

Reproducing sows
8 – 10 mg Cu/kg feed

BOVINE OVINE PIG POULTRY HORSE

CAPRINE
5 – 15 mg Cu/kg DM feed

[2, 22 – 24, 26] [26, 28] [26, 27, 29] [26, 28, 30]

All poultry species and 
categories

5 – 10 mg Cu/kg feed

Vary according to breed, age, 
sex and pregnancy status 

ranging from
7 – 12.5 mg Cu/kg DM feed

In France
10 mg Cu/kg DM feed

for all ages, regardless of the 
degree of work and stage of 

production

Currently authorised maximum Cu content in feed in the European Union (EU)
[in complete feed with a moisture content of 12%]

Before the start of 
rumination 

15 mg Cu/kg feed

Other bovines 
30 mg Cu/kg feed

Ovine 
15 mg Cu/kg feed

Caprine 
35 mg Cu/kg feed 

Piglets suckling and weaned 
up to 4 weeks after weaning, 

150 mg Cu/kg feed
From the 5th week after 

weaning up to 8 weeks after 
weaning, 100 mg Cu/kg feed
Other pigs 25 mg Cu/kg feed

All poultry categories 
25 mg Cu/kg feed

Horses 
25 mg Cu/kg feed

Requirements

Maximum Tolerable Levels

250 mg Cu/kg diet40 mg/Cu kg DM diet

Ovine
15 mg Cu/kg DM diet

Caprine
40 mg Cu/kg DM diet

250 mg Cu/kg diet 250 mg Cu/kg diet
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Deficiency

Toxicosis
vs
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Copper deficiency

Primary

Secondary

Naturally Cu-deficient soils or Cu-deficient diet

Antagonism by Mo (and S) in Mo-rich soils

Scottish 
Blackface

Welsh Mountain

Susceptible of Cu 
deficiency

5-7 mg Mo/kg DM

References: [2]
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Copper deficiency

References: [1, 2, 4]

Cu
 p

oo
l

Time
0

100

Depletion Deficiency Dysfunction Disease

Marginal 
status

Decline in liver 
copper (storage)

Liver reserves approach 
exhaustion or cannot be 

mobilized fast enough

Cp synthesis decreases
Plasma Cu falls below normal

Reduction in cuproenzyme
activities proceed at various 

rates at different sites

Clinical signs

Figure modified from: Suttle NF. Mineral nutrition of livestock: Fourth edition. 2010.
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Clinical signs of Cu deficiency

References: [2, 22 – 24, 25, 29, 30]

Enzootic ataxia

Neonatal

Delayed

Atypical

“Swayback”

Abnormal wool and hair Depigmentation

Anaemia

Bone disorders

Growth retardation

Connective tissue disorders

Cardiovascular disorders

Diarrhoea

Infertility

Susceptibility to infection

“Copper glasses”

CCO

TO

TY

Cp

HEP

SOD

LOX

MAO CCO



Residency Class – ESVCN - 2020

Diagnosis of Cu Deficiency

Alternative criteria
Caeruloplasmin

Erythrocyte CuZnSOD
Hair or wool Cu

Neutrophil Cu and SOD1
Plasma MAO

Liver CCO
Plasma diamine oxidase

…References: [2, 7, 19, 26]

Presence of clinical symptoms

Improvement after treatment with Cu

Biochemical evidence of subnormal tissue or plasma Cu

Dietary Cu
Dietary Cu:Mo
Dietary Fe:Cu

Not a reliable 
diagnostic criterion
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Prevention and Control
Pasture fertilizers (CuSO4) [EU 2019/1009 application by 2022]

Slow-release oral supplementation of 
Copper oxide wire particles (CuOWP)

SC injections

Dietary supplementation Inorganic sources

Organic sources

Slow-release boluses Anthelmintic activity 
(Haemonchus contortus)

References: [2, 11 – 16, 33]

Parenteral administration

Cu chelate of amino acids hydrate (min 10% Cu)
Cu chelate of protein hydrolysates (min 10% Cu)
Cu chelate of glycine hydrate [solid] (min 15% Cu)
Cu chelate of glycine hydrate [liquid] (min 6% Cu)

References: [11, 12, 33]

2 g CuOWP in lambs

Cu diacetate monohydrate (min 31% Cu)
Cu carbonate dihydroxy monohydrate (min 52% Cu)
Cu chloride dehydrate (min 36% Cu)
Cu oxide (min 77% Cu)
Cu sulphate pentahydrate (min 24% Cu)

EU register feed additives
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Chronic Cu Poisoning

Clinical and subclinical CCP represent nowadays the main toxicological problem in ruminants, especially sheep

References: [2, 22 – 24, 26, 32]

1st stage – prehaemolytic phase

2nd stage – haemolytic crisis

CCP is a two-stage process Cu accumulates in the liver 
without clinical signs of disease

Liver’s capacity is overloaded

Liver degeneration

Cu is released from the liver

Up to 1000 – 1500 mg Cu/kg DM

↑ GLDH and GMT

CCP results from
Excessive supplementation of Cu
Use of feeds contaminated with Cu from agricultural or industrial sources
Grazing on pastures grossly contaminated with Cu-enriched pig slurry

Texel

North Ronaldsay

Suffolk

Susceptible of 
Cu toxicosis
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Diagnosis of CCP

References: [2, 22 – 24, 26, 32]

Clinical evidence of haemolysis Jaundice
Haemoglobinuria

Confirmed by high level of liver and kidney Cu and kidney Fe

Surviving, clinically normal animals Confirmation of pre-haemolytic liver injury↑ liver enzymes 
(serum AAT, GLDH, GGT)
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Prevention and Treatment of CCP

References: [2, 22 – 24, 26, 32, 48, 49]

Antagonists of Cu can be used to prevent CCP

Transfer animals to a diet low in available Cu

Ammonium Tetrathiomolybdate (ATTM)

Dietary supplementation with Mo and S

Three SC injections, each of 3.4 mg 
ATTM/kg LW, given on alternate days [48]

Inhibition of Cu absorption in the GIT

Complex with Cu in the blood stream

Enters the liver and binds up to 6 Cu ions

Dietary supplementation with Zn

Low capacity of MT induction in sheep prevents Zn 
from producing an increase in biliary Cu excretion

IV injections, each of 1.7 mg ATTM/kg 
LW, every other day for 6 days [49]

PREVENTION

TREATMENT
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Growth promotion

References: [26, 40, 41]

Mechanism behind the growth-promoting effect are still not fully understood

Hypothesis Antimicrobial effect in the gut Less microbial load and less microbial toxic metabolites

More energy and nutrients available for the pig itself

Systemic effect ↑ hypothalamic NPY concentraƟon and expression

Up-regulation of appetite

↑ feed intake

125 – 250 mg Cu/kg diet [40]

Growth promotion seems to be greater in young pigs fed organic 
chelates (e.g. Cu-Lys, Cu-Met) compared to those fed cupric sulphate

↓ lacƟc acid bacteria
↓ clostridia and coliforms

Foregut
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Cu and lipid metabolism

References: [26, 42, 43]

↓ subcutaneous adipose Ɵssue 
deposition

↓ cholesterol concentraƟon
↑ UFA in beef

Supplementation of 
20 – 40 mg Cu/kg DM 
to high-concentrate 

finishing diets [42]

Effects on biohydrogenation, 
esterification and mobilisation 

of triglycerides [43]

Results are inconsistent 
and poorly understood

Diets containing
125 – 200 mg Cu/kg diet

[29]

↓ egg cholesterol by 7 – 25%

Above EU maximum 
Cu content

↑ UFA and peroxide value 
of the backfat

Diets containing
250 mg Cu/kg diet

[26]
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Cu and antibiotic-resistant bacteria in the soil

References: [26, 46, 47]

Metal-driven co-selection of antimicrobial resistance

Simultaneous resistance to Cu and antibiotics has been observed for several bacterial species

When bacteria encounter adverse 
conditions, such as high levels of 

potential toxicants, dormant 
survival mechanisms are triggered

High Cu content in manure 
represents a challenge to 

bacterial survival

May be followed by increased 
resistance to antibiotics in 

these areas

Sufficiently clear demonstration of this chain of events is currently not available
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Thank you for your attention
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