‘ J’ EFSA Journal

SCIENTIFIC OPINION

ADOPTED: 13 July 2016

doi: 10.2903/j.efsa.2016.4563

Revision of the currently authorised maximum copper
content in complete feed

EFSA Panel on Additives and Products or Substances used in
Animal Feed (FEEDAP)

Abstract

The Panel on Additives and Products or Substances used in Animal Feed (FEEDAP) reviewed (i) the
copper requirements of food-producing and pet animals, (ii) the copper concentration in feed materials
and complete feed, (iii) the copper bioavailability, and (iv) the calculated background copper
concentration of complete feed. Also considered were (i) the influence of dietary copper on gut
microbiota profile and on the bacterial antibiotic resistance in target animals and (ii) the environmental
occurrence of bacterial heavy metal tolerance (copper resistance) and resistance to certain antibiotics.
The data collected supported the possibility of a reduction in some of the currently authorised
maximum contents (CAMC) for total copper in feed. The EFSA Panel developed an algorithm to derive
newly proposed maximum contents (NPMC) from the requirement and the native dietary copper
content. The NPMC _{mg—-Cu/kg complete feed) comprised of maintained (m), decreased (d) and
increased (i) values: 357for bavine before the start of rumination (m), 30 for other bovine (d), 35 for
caprine (i), 15 for ovineA(m),) 50 for crustacean (m) and 25.for otherganimal, species, ((d) for piglets up
to 12 weeks, (m)\for-all other species)., The INMPC suppott health, welfare and {€€onomic productivity
of target animals, except-piglets; performance of weaned piglets would be impacted. The NPMC values
would not likely have any-consequences on the consumers’ intake of copper and are of no concern for
the safety of the consumer. The reduction from 170 mg to 25 mg Cu/kg feed piglets would have the
capacity to save 1,200 tonnes copper/year being spread in the field and thus, to reduce total copper
emissions from farm animal production by about 20%. Thus, the reduction of the CAMC to the NPMC
would have a significant impact on the concentrations of copper in the environment of piggeries.
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Summary

Following a request from the European Commission, the Panel on Additives and Products or
Substances used in Animal Feed (FEEDAP) was asked to deliver a scientific opinion on the revision of
the currently authorised maximum copper content (CAMC) in complete feed (in mg Cu/kg complete
feed; 170 for piglets up to 12 weeks, 25 for other pigs, 15 for bovine before the start of rumination,
35 for other bovine, 15 for ovine, 25 for fish, 50 for crustaceans, 25 for other animal species).

To improve the available information on the use of copper in animal nutrition, the European Food
Safety Authority (EFSA) launched a call for data to European Union (EU) Member States (MS) and
EEA/EFTA countries and to stakeholders. EFSA awarded procurements on an Update of the Systematic
Literature Review (SLR): ‘Influence of Copper on antibiotic resistance of gut microbiota on pigs
(including piglets)” and on an Extensive Literature Search (ELS) on the ‘Effects of Copper intake levels
in the gut microbiota profile of target animals, in particular piglets’. The data submitted were used in
the current scientific opinion.

The Panel reviewed (i) the copper requirements of food-producing and pet animals, (ii) the copper
concentration in feed materials and complete feed, (iii) the copper bioavailability, and (iv) the
calculated background copper concentration of complete feed. Also considered were (i) the influence
of dietary copper on gut microbiota profile and on the bacterial antibiotic resistance in target animals
and (ii) the environmental occurrence of bacterial heavy metal tolerance (copper resistance) and
resistance to certain antibiotics. The data collected supported the possibility of a reduction in some of
the CAMC for total copper in feed.

The Panel developed an algorithm to derive newly proposed maximum contents (NPMC) from the
requirement and the native dietary copper content. The NPMC (mg Cu/kg complete feed) comprised of
maintained (m), decreased (d) and increased (i) values, and were: 15 for bovine before the start of
rumination (m), 30 for other bovine (d), 35 for caprine (i), 15 for ovine (m), 50 for crustacean (m) and
25 for other animal species ((d) for piglets up to 12 weeks, (m) for all other species).

The NMPC support health, welfare and economic productivity of target animals, except piglets; the
performance of a weaned-piglet would be reduced.

The reduction of the~x€AMC for food-producing animals to the NPMC values would not be likely to
have any consequehices on thie consumers’ intake of cOpper.and.isiof no concern for the safety of the
consumer.

The reduction of-cepper dn’ feed for piglets from 170 " mg/kg to 25 mg/kg would have the capacity
to save 1,200 tonnes-copper being spread in the field per year; the introduction of this NPMC could
result in an overall reduction of about 20% of copper emissions from farm animal production. Thus
locally, where manure from piglets is spread on land, the reduction of the CAMC to the NPMC would
have a significant impact on the concentrations of copper in the environment of piggeries.

The FEEDAP Panel made some recommendations: (i) to keep the ‘Other provisions’ concerning
molybdenum as in the current regulation; (ii) to initialise copper monitoring in the liver of slaughtered
bovines; and (iii) to implement monitoring of copper pollution from agriculture in areas in which food-
producing animals are fed, with particular attention to the potential development of microbial antibiotic
resistance in the environment.

The FEEDAP Panel is of the opinion that MRLs for copper should not be set for tissues and products
of animal origin, as also expressed by the EMA-CVMP. The use of copper is safely regulated by feed
legislation. The authorised maximum copper contents in complete feed would effectively prevent any
increase of copper in feed and, consequently, in food of animal origin.
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1. Introduction

1.1. Background and Terms of Reference

The opinions on applications for the re-authorisation of copper compounds have already been
issued.! In the margins of the discussion with the Member States on those opinions, concerns with
respect to the maximum contents of copper in feed have been raised.

The Commission asked the European Food Safety Authority (EFSA) to issue an opinion on the
maximum content of compounds of copper in feed considered

e to fully meet the animals’ nutritional needs for copper as a trace element, taking into account
for the food-producing animals typical livestock farming systems, and
e to be safe for the animals, the consumer and the environment.

With the mandate, the European Commission (EC) provided a scientific paper on copper and
antimicrobial resistance which had been already forwarded to the EFSA in 2011.% A statement from the
Norwegian Food Safety Authority, including opinions from the National Institute of Nutrition and
Seafood Research and the Norwegian Veterinary Institute, regarding the use of copper (also of zinc
and iodine) in animal nutrition, was also provided to EFSA.3

A similar mandate had been forwarded in 2012 for zinc. The respective ‘Scientific Opinion on the
potential reduction of the currently authorised maximum zinc content in complete feed’” was published
in 2014.* The EC suggested that the methodology applied in the zinc opinion could serve as an
example for the development of the opinion linked to the current copper mandate.

1.2. Interpretation of the Terms of Reference

In 2003, the Scientific Committee on Animal Nutrition (SCAN) was requested by the EC to deliver
an opinion on the use of copper in feedingstuffs. The SCAN recommended that ‘Current copper levels
allowed in diets should be reviewed to better reflect animal requirements’; the following maximum
copper contents were proposed: sheep, 15 mg/kg; pre-ruminant calves: 5 mg/kg milk replacer; piglets
(up to 10 weeks of ade), 175,mg/kg; other species/categories; 25 mag/kg.

Regulation (EC) No #334/2003°/set thefolloviing miaximem tetal copper tontentsiin feed (mg Cu/kg
complete feedingstuff) (Table-1).

Table 1: Currently-authorised maximum copper content in feed in the European Union

Animal species mg Cu/kg complete feedingstuff
Pigs
Piglets up to 12 weeks 170 (total)
Other pigs 25 (total)
Bovine
1. Bovine before the start of the rumination:
Milk replacers 15 (total)
Other complete feedingstuffs 15 (total)
2. Other bovine: 35 (total)
Ovine 15 (total)
Fish 25 (total)
Crustaceans 50 (total)
Other species 25 (total)

! Most recent one: EFSA Journal 2015;13(4):4057.

2 Berg J, Thorsen MK, Holm PE, Jensen J, Nybroe O and Brandt KK, 2010. Cu exposure under field conditions coselects for
antibiotic resistance as determined by a novel cultivation-independent bacterial community tolerance assay. Environmental
Science and Technology, 44, 8724-8728.

3 Letter dated 30.1.2015 submitted by the Norwegian Food Safety Agency to the European Commission concerning information
on ‘Copper supplementation of animal feed’, including the report Innhold av kobber og jod i for til fisk — Vurdering av endring
av grenseverdi [Copper and iodine in feed to fish] from NIFES (National Institute of Nutrition and Seafood Research).

4 EFSA Journal 2014;12(5):3668.

5> Commission Regulation (EC) No 1334/2003 of 25 July 2003 amending the conditions for authorisation of a number of additives
in feedingstuffs belonging to the group of trace elements. OJ L 187, 26.7.2003, p. 11.
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In its opinions on copper-containing additives, the EFSA FEEDAP Panel concluded that

‘A reduction in the maximum copper content in feed for ruminants to bring it close to the
minimum requirement would reduce copper concentration in the liver. However, this measure
can hardly be realised in practice because of the varying occurrence of copper antagonists in
feedingstuffs (mainly molybdenum and sulfur), particularly in roughages, requiring additional
copper to prevent the risk of copper deficiency and its consequences on animal health’. (EFSA
FEEDAP Panel, 2012)

‘More recent findings on the copper requirements of animals indicate the potential to considerably
reduce the current maximum content for dietary copper without affecting animal health and
welfare and the productivity of animal husbandry. A reduction in the maximum content of copper
would decrease the copper load in the environment’. (EFSA FEEDAP Panel, 2013)

The FEEDAP Panel considers that the request of the EC refers as to the issuing of an opinion on the
revision of the currently authorised maximum copper content in complete feed, considering safety for
animals, consumers and the environment.

1.3. Additional information

The SCAN delivered reports on the use of copper methionate for pigs (European Commission,
1981), copper compounds in feedingstuffs (European Commission, 1982) and in feedingstuffs for pigs
(European Commission, 1983) and the use of copper in feedingstuffs (European Commission, 2003).
EFSA has issued opinions on the safety of the chelated forms of iron, copper, manganese and zinc with
synthetic feed grade glycine (EFSA FEEDAP Panel, 2005), on the safety and efficacy of a copper
chelate of hydroxy analogue of methionine (Mintrex®Cu) as feed additive for all species (EFSA FEEDAP
Panel, 2008, 2009), and on the safety and efficacy of dicopper chloride tri hydroxide (tribasic copper
chloride, TBCC) (EFSA FEEDAP Panel, 2011) and dicopper oxide (EFSA FEEDAP Panel, 2016) as feed
additives for all animal Species. In the frame of re-evaluation, EFSA has delivered three opinions on
copper-based additiveSy cupric sulphate pentahydrate,(EFSA FEEDAP [Papel, 2012), cupric chelate of
amino acid hydrate (EFSA FEEDAP Panely»2013) and sevenscompounds of jcapperg(EESA FEEDAP Panel,
2015).

Several compounds-6f”copper are authorised for use in food, for the manufacturing of dietetic
products, for the manufacturing of processed cereal foods and baby foods for infants and young
children, as pharmacologically active substances, as fertilisers, as plant protection products and for
cosmetic purposes (e.g. EFSA FEEDAP Panel, 2015).

EFSA delivered a Conclusion on the peer review of the pesticide risk assessment of confirmatory
data submitted for the active substance copper (I), copper (II) variants namely copper hydroxide,
copper oxychloride, tribasic copper sulfate, copper (I) oxide and Bordeaux mixture (EFSA, 2013).

2. Data and methodologies

2.1. Data

The FEEDAP Panel used data from previous risk assessments by EFSA or other expert bodies, peer-
reviewed scientific papers, data provided by the mandate’s requestor (the EC), and other scientific
reports to deliver the present output. Moreover, the Panel used data from a specific data collection and
a series of procurements, as described below.

EFSA launched a call for data to:

European Union Member States (EU MS) and European Economic Area/European Free Trade
Association (EEA/EFTA) countries, concerning national copper requirements/allowances in animal
nutrition, data on potential development of antibiotic resistance linked to the use of copper and
data from official feed control for the copper content in compound feed. EFSA received
contributions from Belgium, Cyprus, Czech Republic, Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Montenegro, Norway, Poland, Portugal,
Slovakia, Slovenia, Sweden, Switzerland and the United Kingdom.

Stakeholders, concerning recommendations for the use of copper in animal nutrition and typical
composition of compound feed. Information was submitted by the European Pet Food Industry
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Federation (FEDIAF), the European Feed Manufacturers’ Federation (FEFAC) and the EU Association
of Specialty Feed Ingredients and their Mixtures (FEFANA).®

EFSA commissioned the University of Gent (Belgium) and the University Rovira i Virgili (Spain) to
carry out studies of selected trace and ultratrace elements, and on the bioavailability, interactions and
incompatibilities of trace elements, respectively; the findings were submitted to EFSA in the form of
technical reports (Van Paemel et al.,, 2010; Cano-Sancho et al., 2014). In the context of the current
opinion, EFSA awarded two procurements on an Update of the Systematic Literature Review (SLR):
‘Influence of Copper on antibiotic resistance of gut microbiota on pigs (including piglets)’ and on an
‘Extensive Literature Search on the Effects of Copper intake levels in the gut microbiota profile of
target animals, in particular piglets’, for which the reports of Van Noten et al. (2016) and Jensen
(2016), respectively, were provided. Information from these reports has been used in this opinion.

2.2. Methodologies

The FEEDAP Panel applied the same methodology for the revision of the maximum copper
authorised in feed, as it did in 2014 for the revision of the maximum content of zinc authorised in feed
(EFSA FEEDAP Panel, 2014).” Namely, the Panel reviewed

1) the essentiality of copper,

2) the role of copper in animal nutrition,

3) the availability of copper and its interactions/incompatibilities with other dietary constituents,

4) the copper concentrations in feedingstuffs,

5) the influence of dietary copper on gut microbiota profile and bacterial antibiotic resistance in
target animals and

6) the occurrence of bacterial heavy metal tolerance (copper resistance) and resistance to
certain antibiotics.

The aim was to propose, where/if considered appropriate, new maximum copper levels in feed.
Further to the newly préposed levels, the Panel evaluated their consequences on the health and
welfare of target animals,\on consumer supply and on the environmefital [oad.

3. Assessment

3.1. Copper as essential trace element in nutrition

The information in this section and Annex A is derived from authoritative reviews and a recent
EFSA Opinion (Stern et al.,, 2007; Suttle, 2010; Aggett, 2013; EFSA Scientific Panel on Dietetic
Products, Nutrition and Allergies (EFSA NDA Panel), 2015; Ellingsen et al., 2015) in which specific
references can be found.

Insights into the absorption, distribution, metabolism and excretion (ADME) of copper have been
derived from studies in cell line systems in vitro, bacteria, yeasts, Drosophila, Xenopus, zebra fish,
monogastric models (e.g. rodents and dogs), ruminants and humans. Knockout models and inborn
errors of metabolism in mammals have contributed appreciably. The integration of information from
these sources has been enabled appreciably by molecular biological techniques which have allowed the
development of a mechanistically plausible model for the absorption and systemic fate of copper, as
well as an indication of some differences in copper kinetics between species. Studies of these
processes are hampered because the abundance of the two natural stable isotopes of copper, ®3Cu
and ®°Cu of 69% and 31%, makes them difficult to use in tracer studies, and the use of copper’s radio
isotopes as tracers is limited by their short half-lives (’Cu, 61.9 h and ®*Cu, 12.9 h). As a result, it is
difficult to fully characterise the ADME of copper in individual species, and its intraspecies (e.g. sheep)
and interspecies (monogastric and pre-ruminant animals and ruminant livestock) variation (EFSA NDA
Panel, 2015; Ellingsen et al., 2015).

The essentiality of copper for all life forms, from bacteria to humans, depends on the ability of
copper atoms to gain and lose an electron to form cuprous Cu(I) and cupric Cu(Il) states. This

 To protect the interests of stakeholders that have contributed, they are collectively referred to in this scientific opinion as
‘European feed industry”.

7 This approach followed the proposal made by the requestor in the respective mandate: A similar mandate had been forwarded
in 2012 for zinc. The respective ‘Scientific Opinion on the potential reduction of the currently authorised maximum zinc content
in complete feed’ had been published. The methodology applied could serve as an example for this mandate.
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transition is crucial for enzymes underpinning the metabolism of all major substrates (i.e. lipids,
carbohydrates and proteins). It is therefore essential for, amongst other functions, mitochondrial
respiration, energy production, the synthesis of collagen, neurotransmitters and catecholamines, in the
uptake and utilisation of other trace metals, and in antioxidant activities.

Copper-dependent enzymes and their functions are listed in Annex A (Stern et al.,, 2007). Thus
copper deficiency results, according to its severity, in protean features such as muscle weakness, iron-
deficient anaemia, hypopigmentation, bone changes that resemble scurvy, defective connective tissue
synthesis, hair abnormalities, impaired myelinisation of nerve tissues and neurological defects, altered
lipid metabolism and cardiac malfunction (see Section 3.2.2).

The oxidation of cuprous to cupric copper generates free radicals which, in turn, can — by the
oxidation of lipids, proteins, and nucleic acids — cause extensive architectural and functional damage in
tissues and organs. Thus, organisms have developed systems involving specific protein carriers which
mediate and regulate the absorption, distribution, use and excretion of copper whilst, simultaneously,
controlling the production of free copper ions and minimising the risk of oxidative damage. Similar
systems of chaperoned traffic exist for other elements such as iron, zinc and manganese. As these
elements have similar physicochemical properties, interactions may occur between them at separate
stages of their respective pathways but, at customary levels of exposure, each system has an
accumulative specificity and selectivity which discriminates effectively for the delivery of each metal to
its respective depots and functional sites. Copper as a free ion is only found in systems when there is
an excessive body burden; the resultant toxicity is a situation that, in healthy animals, is not caused by
high dietary intakes of copper.

Cuprous copper is unstable and poorly soluble at systemic physiological pH; it is easily oxidised to
the cupric state but these properties are controlled and exploited biologically when the element is
bound in complex such as a cuproprotein. In these complexes, copper is usually bound to nitrogen and
sulfur ligands provided by the amino acids histidine and cysteine. Cupric copper favours a planar
configuration with 4N ligands, whereas cuprous ions form tetrahedral complexes involving 4S ligands
(Greenwood and Earnshaw, 1998).

More complex stfuctgfes involving two or more copper atoms and others with Cu(III) and Cu(IV)
states are known/but, /as\yet, \their\functions have not been|fully [characterised. An exception to this
generalisation is haemoeyanin/ which is found in miolluécs ) afid Jarthropods/ ineluding crustaceans.
Haemocyanin contains-two/Cu(I)“atoms' that ‘interact to"bifid" mélecular 'oxygen féversibly at the low
environmental oxygen'tensions and temperatures at which these creatures live; it is not found in
mammals in which haemoglobin has the same role.

Genomic analyses indicate the existence of many potential copper binding motifs for which the
proteins and functions have yet to be identified. Many cuproproteins found in mammals, birds and fish
are highly conserved in earlier life forms, thereby occasioning speculation that, similar to iron, copper
may have been functionally important before an aerobic environment evolved.

The effect of copper on the composition and the metabolic activity of gut microbiota is reported in
detail in Section 3.5 (*Copper intake and effects in gut microbiota profile”).

3.1.1. Copper intestinal uptake and transfer

The entry of copper into the food chain may be limited by the redox potential, alkalinity, and sulfur
and molybdenum content of the soil. Thus in some areas, copper deficiency may be endemic in
grazing livestock despite copper being abundant in the soil. The intraluminal solubility of ingested
copper and thus its availability for intestinal uptake is enhanced by an acid milieu; its availability for
intestinal absorption can be limited by intraluminal and intraruminal complexation with molybdenum
and sulfur mediated by microbiota (see Section 3.4.2) and also by interactions with magnesium,
calcium, inorganic and organic phosphate (e.g. phytates) and other dietary components including
amino acids, and Maillard reaction products (Section 3.4.2). Furthermore, intestinal uptake may be
limited by competition at mucosal uptake and transfer sites with other transition metals. A high
exposure to zinc may block the transfer of copper from the gut by inducing enterocytic metallothionein
(MT) which sequesters copper in the intestinal epithelium. Vitamin C, by oxidising cuprous copper to
cupric, also impairs copper uptake in animal models, but this does not necessarily happen in general.
Thus, although a major determinant of the intestinal uptake and transfer of copper, and its systemic
(predominantly hepatic) retention is the animal’s need for copper, it is also evident, particularly for
ruminants, that the efficiency of the absorption of ingested copper can be affected very much by feed
composition (Section 3.4.2).
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Copper is released from the dietary matrix by gastric acidity and proteolytic activity. Gastric mucosal
uptake and transfer of copper do occur but this is probably not a major route in normal physiology.
The predominant site for uptake of copper in mature animals is the duodenum and proximal jejunum;
however, in young animals, the uptake of copper extends throughout the small intestine, and it is
postulated that, in some species, the large bowel might be able to take up copper.

The first stage of copper uptake is its aggregation by the mucus and glycocalyx on the enterocytic
microvilli, whence it reaches membrane-associated reductases (six-transmembrane epithelial antigen of
the prostate 2 (STEAP2) and the duodenal cytochrome B (Dcytb)) which convert any residual cupric to
cuprous copper for translocation into the enterocyte. There are at least two mechanisms for the
energy-independent influx of copper into cells such as enterocytes: (i) one involving at least two
membrane-bound copper transporters (CTR), one of which CTR1, is a high-affinity carrier, and CTR2
which is a low-affinity transporter; this mechanism is thought to account for 70% of copper uptake
and (ii) a second mechanism which accounts for the rest of copper uptake at the gut mucosa is the
divalent metal transporter (DMT1). The CTR-dependent mechanism involves the uptake and delivery of
cuprous copper into the enterocyte and it is thought possible that the process may involve
endocytosis. However, this has not been confirmed, and neither have the other elements of copper
trafficking in enterocytes, hepatocytes and other cell types.

There are several proteins involved in copper ADME which are present in most cell types. CTRs, for
example, appear ubiquitously to mediate the uptake of copper. They are homologous to a varying
extent with proteins with similar functions in bacteria and other species. Within cells, there is an
equally ubiquitous depot protein: the MT. The MT comprises a number of monomeric isoproteins each
of which has a molecular mass of 6,500 Da and comprises 60 amino acids, about 30% of which are
cysteine. These enable a molecule of MT to bind 6-10 atoms of copper. The MT is induced among
other things by endotoxemia, infections, calorie restriction, glucocorticoids, exercise, oestrogens and
hypothermia, as well as by zinc and probably by high exposure to copper. Thus MT may have roles as
a sequestrator of excess copper and as a mobile depot of the metal which adapts to need and
stressors. Two other intracellular enzymes, adenosine triphosphate (ATP) ATP7A ATPase (ATP7A) and
ATP7B ATPase (ATP7B),-dte important in transfering copper to apoenzymes, or into vesicles for export
from the cell. Althodgh botheare ubiquitous, ATP7A pkedominates| if the kidneys, lungs, blood-brain
barrier, gastrointestinal tract. and-.muscle) /ATP7B /predominates| in| the \hepatecytes where it is
responsible for the syathesis, of ceéruloplasmin,“and for the €xcretion 'of topper inté"the bile, and there
is little ATP7A in the-liver~Within cells, both ATP7A and ATP7B are usually distributed around the
nucleus where they donate copper to apoenzymes in the trans Golgi network (TGN). Although there
are a number of intracellular target-specific chaperone proteins that take copper to its functional sites,
their roles are not fully understood.

In the enterocyte, copper is either bound to MT or to a chaperone which translocates the copper
to ATP7A for vesicular transfer of the metal across the basolateral membrane into the portal
circulation.

Copper is transported in the portal circulation to the liver and then to the systemic circulation. In
the portal circulation, copper has a number of carriers; these include a copper transport protein,
transcuprein and non-specific carriers such as albumin and amino acids (usually histidine, threonine
and glutamine). Usually, nearly all absorbed copper is taken up into the liver within 2 h of ingestion via
hepatocytic cell membrane-bound metallo-reductases and CTR1. Copper complexed with phosphatidic
acid and fatty acids (FA) has been found in mesenteric lymph; this implies that some copper may
bypass the liver and reach the systemic circulation via the thoracic duct.

The liver is the primary depot for copper and the principal mediator of its systemic homeostasis. In
the hepatocyte, copper joins a high turnover labile pool, probably centred on copper—glutathione
(GSH) complexes from which the metal is distributed to key sites such as:

1) a MT pool and

2) chaperones for delivering copper to the synthesis of cuproenzymes such as zinc-superoxide
dismutase (Zn-SOD), mitochondrial inner membrane cytochrome c-oxidase and to ATP7B
near the TGN for incorporation into apoproteins of cupric enzymes and to form
ceruloplasmin, which is then secreted into the circulation or excreted directly in the bile.

The loss of function of ATP7A and ATP7B is responsible for specific disturbances of copper kinetics;
for example, in humans, the absence of functioning ATP7A is associated with Menkes’ disease and that
of ATP7B with Wilson’s disease (De Bie et al., 2007). Phenotypically similar diseases are reported in
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rodent models and in the case of Wilson disease,® other species also, particularly in certain breeds of
sheep and dogs (Haywood et al., 2004; Wu et al., 2016).

3.1.2. Copper distribution

Copper is probably distributed to peripheral tissues by complexes similar to those which are formed
in the portal circulation. In plasma, 60-70% of copper is found in ceruloplasmin, 10-30% is associated
with a transport protein transcuprein, and 15-20% is bound to albumin and amino acids. However, the
reported distributions vary between species and it is not clear what the biological significance of this
observation might be. Ceruloplasmin had long been thought to be a systemic transport protein for
copper but this is probably not so; inherited deficiency of ceruloplasmin (acaeruloplasminaemia) has
little effect on copper trafficking and function, but has an appreciable effect on iron utilisation. Albumin
has a terminal binding site for copper which lends some specificity to this function. In dogs, however,
this site is absent but with little effect on systemic copper utilisation. Dogs (and mice) also have less
circulating ceruloplasmin, and it has been suggested that in dogs, the systemic distribution of copper
depends on transcuprein and low molecular complexes.

Peripheral tissues are thought to take up and utilise copper in the same way as the liver. ATP7A is
essential for the adequate distribution of copper across the blood-brain barrier. In tissues, CRT2 has
been localised with lysosomal vesicles and it is surmised that CTR2 is involved in the recycling of
copper from hydrolysed protein transporters of copper.

3.1.3. Copper excretion and homeostasis

Systemic homeostasis of copper is effected by hepatobiliary excretion, sequestration in MT pools
(predominantly in the liver) and by reduced intestinal uptake and transfer. At customary exposures the
retention of absorbed copper in the body is regulated by hepatobiliary excretion which accounts for
98% of copper excretion, and the rest is lost via the urine. Hepatobiliary excretion involves ATP7B, and
in @ minor capacity ATP7A, secreting copper as a variety of complexes into vesicles. These merge with
the hepatocytic apical ;plasmma membrane and transfer the copper complexes into the bile for
elimination. The excfeted. copper appears not to be reabsortied afid’ i§ 16st in the faeces. The faecal
pool of excreted coppef ‘alsa contains copper from shed eéntergcytes and degradedh ceruloplasmin. At
times of increased ‘needsfor copper (e.g. with¥increased“tisstie syhthesis or low intakes) hepatobiliary
excretion of copperis_reduced, and intestinal uptake and transfer are increased. Studies at the cellular
level show that when there is an increased need for copper, both ATP7A and ATP7B become
associated with the TGN and CTR1 increases in several tissues and aggregates near the plasma
membrane; in the enterocytes, CTR1 aggregates at the apical membrane.

With excessive dietary copper exposure, the three components of homeostasis become
progressively more involved. As hepatobiliary excretion increases, hepatic depots sequestering copper
in MT increase and the enterocytic carriers mediating the uptake of copper from the gut are
downregulated. High copper states in hepatocytes induce a migration of ATP7B from the TGN to
cytosolic vesicular compartments that support biliary elimination of copper. In enterocytes and other
cells increased copper leads to the endocytosis and degradation of CTR1, as well as the re-localisation
of ATP7A and ATP7B to cytosolic vesicles at the basolateral plasma membrane for transfer of copper
into the blood. At estimated intakes of copper above 100 mg/kg body weight (bw), homeostasis is also
mediated by the induction of MT in the gut mucosa which blocks the transfer of copper into the portal
circulation (Bremner, 1998, Stern et al., 2007). These adaptive phenomena have been deduced from a
variety of studies in different models, and the exposure-response relationship has not been fully
characterised. There are some inter- and intraspecies differences: for example, the hepatic excretion of
copper is relatively less in cattle and sheep than in other species, and ruminants have higher liver
copper contents per unit weight than humans or pigs. These aspects are considered further in
subsequent chapters/sections of this scientific opinion.

3.2. Copper in animal nutrition

Major differences in copper metabolism exist between non-ruminant and ruminant animals (NRC,
2005) which lead to differences on copper requirements and, particularly, maximum tolerance levels.
Although not completely understood, interspecies differences on copper metabolism seem to be related

8 For more information on Wilson disease, see http://www.omim.org/entry/277900 and http://www.omim.org/entry/309400
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to great differences in the ability to excrete copper in bile and the subcellular hepatic copper distribution
as discussed in Section 3.1 (Bremner, 1998; Dameron and Harrison, 1998; Haywood et al., 2001).

Non-ruminant species (particularly pig and poultry), which have an adequate copper biliary
excretion and most of the copper is bound to MTs in the liver, can tolerate high levels of dietary copper,
with hepatic copper accumulation starting at high copper intakes (up 50-fold the requirements). In
these species, copper can be used at very high concentrations, as e.g. growth promoters.

On the contrary, ruminants have a very limited capacity for copper biliary excretion and only a very
small proportion of copper is bound to MT in the liver. This is particularly true in sheep, where dietary
copper in excess of requirements does not appear to increase biliary copper excretion (Saylor and
Leach, 1980; Bremner, 1998), leading to very high copper deposition in the liver. Once this storage
capacity is overloaded, a sudden and generally fatal haemolytic crisis occurs.

The metabolic behaviour of copper in fish and crustaceans is less well understood. However, it can
be assumed that in fish copper follows the same principle as described for monogastric species, except
absorption where also that of waterbond copper occurs via the gills. In crustaceans, the respiratory
pigment, haemocyanin, is based on copper, which underlines the importance of copper for
crustaceans.

In addition, copper interactions with other dietary constituents are essential to determine copper
requirements. In ruminants, the ratio of Cu:Mo in the diet is even more important to establish copper
requirements than the dietary copper concentration itself (Dias et al., 2014). The range of dietary
copper concentrations required by ruminants (particularly sheep) may overlap under certain conditions
the dietary concentrations that cause toxicosis. In pig and poultry, species in which copper can be
used at high doses as growth promoter (see Section 3.2.4), the competitive interaction with zinc (also
used at high concentrations as growth promoter) and the extensive use of other additives that
improve zinc availability, mainly phytases, deserves special attention for dietary formulations.

The determination of copper concentrations in liver is the best biomarker for diagnosing copper
disorders in animals (Cano-Sancho et al., 2014) as there is no blood parameter/end point able to
detect animals at risk_of suffering from both copper deficiency and chronic subclinical copper
accumulation (Lopez-Alonso et al., 2006), although serum or plasma copper concentrations are used at
the farm level for <that purpose. Serum/plasma coppér concentration répresents both the transport
pool (containing copper inalbuminsandamino acid-bound forms, transported fromsthe intestine to the
liver) but mainly (60~70%).the functional ‘po6l”(corresponding t6 ‘copper exportéd from the liver to
tissues as ceruloptasmin).” However, there are several reasons why serum/plasma copper
concentrations are not reliable biomarkers of copper status: (i) ceruloplasmin concentrations are highly
influenced by factors other than dietary copper, particularly by inflammation as it is an acute phase
protein; (ii) ceruloplasmin concentrations do not increase once the animal has reached an adequate
copper status — thereafter, copper accumulates in the liver without showing any detectable change at
the blood level, and it is only when the copper storage is overloaded when a sudden release of copper
occurs in the blood; and (iii) in situations where important dietary sulfur and molybdenum interactions
occur (particularity in ruminants, see also Section 3.4.2), insoluble copper thiomolybdates in the blood
do not reflect a real copper deficiency situation. Alternatively, serum ceruloplasmin has been
demonstrated to be helpful in situations where excess molybdenum causes insoluble copper
thiomolybdate accumulation in the plasma; however, some ceruloplasmin is lost during clotting, making
serum values approximately 10-20% lower than those in the corresponding plasma. All the above-
mentioned limitations could result in findings that (i) some animals may have serum/plasma copper or
ceruloplasmin concentrations within the adequate range but at low hepatic copper concentrations
(Herdt and Hoff, 2011), or (ii) animals with low serum copper concentration, considered to be
deficient, or in the lower margin of the reference interval, have been found to be at or near a toxic
state upon necropsy or hepatic biopsy (Blakley and Hamilton, 1985; Lopez-Alonso et al., 2006).
Alternative to liver, copper concentrations in hair/fleece have been proposed as long-term biomarkers
for copper, particularly at suboptimal copper intake (Suttle, 2010); however, their usefulness to detect
excessive copper accumulation is limited (Blakley and Hamilton, 1985; Arnhold et al., 1998; Lépez-
Alonso et al., 2006; Herdt and Hoff, 2011).

3.2.1. Requirements, allowances and recommendations for dietary copper in
target animals

The following definitions are used in the context of this section:
Requirement: the individual demand for copper under defined conditions.
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Allowance/Recommendation: estimate of the copper supply necessary to meet the average gross
demand of the population under common conditions plus a safety factor considering the individual
variability, varying bioavailability and interactions between nutrients.

Requirements and allowances are provided by scientific bodies; recommendations by the industry
or private bodies. Regarding copper nutrition, the differentiation between requirement and allowances
is difficult to distinguish between scientific bodies.

3.2.1.1. Poultry

Copper requirements/allowances and recommendations for poultry categories are presented in
Table 2. The National Research Council (NRC) provides the most comprehensive list of detailed
requirement values for various classes of poultry (NRC, 1994). Even though NRC values are based on
research studies conducted more than 30 years ago and poultry industry/production (and
consequently nutritional requirements) has largely changed, NRC copper requirements are still
considered adequate (Applegate and Angel, 2014), being the most used reference for researchers.
Background copper concentrations in standard commercial diets usually cover the NRC (1994)
requirements (Guo et al., 2001; Leeson and Summers, 2005; Luo et al., 2005; Lu et al., 2010; also see
Annex C, Table C.1). In the last years, research into copper supplementation has been almost
exclusively focused on the growth-promoting effect of copper at concentrations well above
requirements (see Section 3.2.4).

NRC copper requirements for chicken reared for laying were 4-5 mg Cu/kg diet; no values were
given for laying hens. Copper requirements for meat birds were 8 mg Cu/kg diet even though copper
was missing in tabular data for broiler breeders. Copper requirements for turkey were 6-8 mg Cu/kg
diet but no specific requirements were provided for geese or duck. Within the European Union (EU)
national scientific bodies, copper requirements/allowances for all poultry are in the same dimension as
those provided by the NRC (5 and 10 mg Cu/kg diet); the values provided by the Instytut Fizjologii I
Zywienia Zwierzat (IFZZ) for turkeys are at least double of the other values.’ EU Feed Industry
recommends 25 mg Cu/kg diet (maximum allowed concentration in animal feed in the EU legislation)
for all poultry speci€s_and’categories. The FEEDAP Panel checked also the nutrition recommendations
of some breeder corpanies\(Ross, /Lohman and ISA) for copper supplementation; they are largely in
line with the recommendations jprovided by the industiy.

Table 2: Copperrequirements/allowances and recommendations for poultry (mg/kg complete diet)

Requirements and allowances Recommendations

. (d)
Species Category Age, production EU Feed Industry

stage
NRC® GfE® MTT 1IFZz® Total Supplemented
Chicken Layer 0-6 weeks 5 7 10 56 25 12-16
6 weeks-first egg 4 6 5-10 6-8 25 12-15
Laying hen ?2® 7 5-10 5-8 25 10-15
Breeder hen ? 25
Fattening 0-8 weeks 8 7 25 13-17
Starter/Grower/ 8 7 8-10 7 25 13-17
Finisher
Turkey  Fattening 0-4 weeks old 8 15 10 20 25 13-16
4-8 weeks old 8 6 10 20 25 13-16
8-12 weeks old 6 6 5 20 25 13-16
12-24 weeks old 6 6 5 25 25 13-16
Breeder  Laying 8 8 20 25 13-16
Not laying 6 8 20 25 13-16
Geese 5-8 25 12-15
Duck Fattening 25 12-15

° According to information provided to EFSA, the higher figures provided by IFZZ are based on body weight gain.
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Sources: NRC, USA (1994); GfE, Germany (1999, 2004); MTT Finland (2013); IFZZ, Poland (2005); European Feed Industry.

(a): Requirements. Corn-soybean meal-based diets without phytase activity. Layers: 11.912.1 MJ metabolisable energy (ME)/kg;
broilers: 13.4 MJ ME/kg; turkey: 11.7-13.8 MJ ME/kg.

(b): Requirements. mg/kg dry matter (DM).

(c): For ‘Chicken’, Supplementation rate: lower value, minimum addition; higher value, safety margin included. For ‘Turkey’,
Allowance levels.

(d): Data provided by stakeholders following a call for data.

(e): As reported.

3.2.1.2. Pigs

Copper requirements/allowances and recommendations for pigs are presented in Table 3. As in
poultry, copper requirements have not been studied in detail in modern pig breeds, up-to-date feeding
conditions and diet composition. Thus, most recommendations are based on the same few published
results (NRC, 2012). The necessary dietary copper level may depend on diet composition and may be
influenced, due to antagonistic interactions, by the levels of zinc, iron, phytate and other nutrients
(Carlson et al., 2007; Kumar et al., 2010) (see Sections 3.4.1 and 3.4.2).

The NRC (2012) provides tables on copper requirements using two principles: dietary requirement
(expressed as mg Cu/kg feed) or daily requirement (mg Cu/day assuming a specified daily feed
intake). The values presented in the current report are given as dietary requirement (copper
concentration in feed) but it may be reasonable to focus also on the daily copper requirement,
especially in weaned piglets, in which the feed intake is often very low during the first few days after
weaning and it may be necessary to take this into consideration as recommended by the NRC.

The minimum copper requirements are 6 mg/kg in young piglets and about 3-4 mg/kg feed in
growing-finishing pigs and are defined as the minimum copper requirement (Suttle, 2010; NRC, 2012).
Copper requirements are not well documented in pregnant and lactating sows but most studies show
that the requirement is estimated to be 10-20 mg/kg feed in reproductive sows, highest during
lactation (NRC, 2012). NRC (2012) recommends 5 mg Cu/kg diet to boars.

Within the EU national_scientific bodies, the basic copper allowance is generally about 6 mg/kg for
piglets and growing=finisHing pigs; some countries specify the same dietary level for reproducing pigs
although others indicate a slightly higher allowahce forireproducing sows (8-10 mg Cu/kg). The Polish
allowances (IFZZ) are\ generally about fouritimes highek for piglets and fattening=pigs and about 1.5
times higher for saws.compared to the requirements given By NRC, GfE; VSP,"MTT"and the allowances
of Agroscope. In addition-to this basic copper requirement, it is common practice to add copper to
diets for piglets (170 mg/kg up to 12 weeks of age) because of other functions of copper (see
Section 3.2.4). EU Feed Industry recommends 170 mg Cu/kg compound diet for piglets (< 12 weeks)
and 25-30 mg Cu/kg compound diet for all other categories (in both cases, the maximum allowed
concentration in animal feed in the EU legislation).

Practical diets of piglets in the Netherlands are recommended to contain 12 mg Cu/kg diet (see
Bikker et al., 2015). Recently, a Dutch experiment thus aimed to study the effect of ‘pharmacological’
copper levels above the national copper recommendation by addition of graded copper levels (from 15
to 160 mg Cu (as CuSO.)/kg diet) to diets fed to piglets from day 0 to 56 after weaning at 27 days
(Bikker et al.,, 2015, 2016). As the Bikker studies dealt with dietary copper levels above the
recommendation (12 mg/kg diet), the results obtained are addressed in Section 3.2.4 (*Other uses of
copper in farm animals’).

Table 3: Copper requirements/allowances and recommendations for pigs (mg/kg complete feed)

Body Requirements and allowances Recommendations

Catego . -
9 weight NRC® GfE® vsSP©® MTT Agroscope IFzz®  EU Feed Industry(®

Total Supplemented

Piglet <11kgbw 6 6 6 6.5-6.8 8 25 170 150-160
11-25 kg bw 5 6 6 6.3-6.7 8 25 1700 150-160
Pig for ~ 25-50 kg bw 4 45 6 6.1-6.3 6 20 25-30 12-17
fattening 50-135kg  3.5/3 45 6 5.5-6.1 6 15/129 2530 12-17
bw
Sow 10/209 8-10M 6/6(@ 4.9-5.6/ 9/9@ 15/15  25/25@ 12-16M
6.1-6.89
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Sources: NRC, USA (2012); GfE, Germany (2008); VSP Denmark (2016); MTT, Finland (2013); Agroscope, Switzerland (2011);

IFZZ (2014); European Feed Industry.

(a): Requirements. Corn-soybean meal-based diet with a DM content of 90%. Growing pig: 14.2-13.8 MJ ME/kg; sow and boar:
13.8 MJ ME/kg.

(b): Requirements. mg/kg DM.

(c): Requirements. mg/FU. 1 FU corresponds to 7.7 MJ ME and approximates 1 kg as-fed.

(d): Requirements. mg/MJ net energy.

(e): Data provided by stakeholders following a call for data.

(f): Maximum 170 mg/kg compound feed until 12 weeks of age. Thereafter, max. 25 mg/kg.

(9): First figure or range gestation, second figure lactation.

(h): Combined values for gestation-lactation.

(i): Requirements.

(§): 15 mg/kg feed below 90 kg bw and 12 mg/kg feed above 90 kg bw.

3.2.1.3. Ruminants

Copper requirements/allowances and recommendations for ruminants are presented in Table 4.

Copper requirements for bovine vary between 10 and 22 mg/kg DM (NRC, 2000, 2001). The
highest requirements for copper in dairy cows are in close-up period and in the first weeks after
parturition. Dry Holstein cows (680 kg bw) 240 days pregnant need 12 mg Cu/kg DM and 279 days
pregnant 18 mg Cu/kg DM. Fresh Holstein cows (680 kg bw) with milk production 25 kg need 16 mg
Cu/kg DM and with 35 kg up to 22 mg Cu/kg DM (NRC, 2001), which is higher than the average
requirement of 11 mg Cu/kg DM for dairy cows (Table 4). Copper requirements of small ruminants
differ according to species; higher values are recommended for caprines (15-25 mg/kg DM) and lower
for ovines (4-8 mg/kg DM) (NRC, 2007a). Within the EU national scientific bodies, copper
requirements/allowances vary in the range of 6-25.2 for bovine, 5-15 for caprine and 5-14.3 for ovine
mg Cu/kg diet. EU Feed Industry recommends the maximum allowed concentration in animal feed
allowed by the EU legislation for all ruminant species and categories, except for cattle (EU legislation:
35 mg Cu/kg diet) and caprine (25 mg Cu/kg diet).

Table 4: Copper requirements/allowances (mg/kg DM complete feed) and recommendations (in mg/kg complete
feed with 12% wnoisture) for ruminants

S \1 1 Igeguirgmel_lts _al]d a_IIgv_var_lc_es V Recommendations

. (<)
Species Category NRC® GFE® MTT Agroscope CAAS®  CVB® EU Feed Industry
Total Supplemented

Bovine Calves  For rearing 10 10 6 9 14.5 15 10
For fattening 10 10 6 9 15.2 15 10

Cows Dairy cows 11 10 10 10 12 11.1 35 15-35

Cows for reproduction 12-18 10 10 15 12 25.2 35 15-35

Cattle 10 8-10 10 10 10 19.1 30-35 20-25

Caprine Kids for rearing 25 10-15 8 6 10-25 0-15

Kids for fattening 25 10-15 8 7 10-25 0-15

Dairy goats 15 10-15 8 5 11.5 10-25 5-15

Goats for reproduction 15 10-15 8 6 11.6 10-25 5-15

Ovine Lambs for rearing 5-6 5 6 15 3-15

Lambs for fattening 5-6 5 7 5.4-10.8¥ 15 3-15

Dairy sheep 4-7 5 8  6.8-13.59 15 3-15

Ewes for reproduction 5-8 5 8 7.2-14.3@ 15 3-15

Sources: NRC, USA (2000, 2001, 2007a); GfE, Germany (1995, 2001, 2003); Agroscope, Switzerland (2006, 2009); MTT, Finland (2013); CAAS, Czech
Republic, Zeman et al. (2006); CVB, the Netherlands, Van de Top (2005); European Feed Industry.

(a): Requirements.

(b): Allowances (gross requirements + safety margin 50%).

(c): Data provided by stakeholders following a call for data.

(d): Reflecting breeds of different copper sensitivity; the lowest value derived for highly sensitive breeds.

Unlike poultry and pigs — for which copper requirements have been well established some decades
ago and NCR requirements still remain well accepted by the scientific community — in ruminants,
particularly in bovine and caprine, an important body of research has been conducted on copper
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requirements after the last NRC assessment. Because of its susceptibility to copper deficiency and
toxicity, the ovine copper metabolism and requirements had been well studied some decades ago
(Corbett et al., 1978; Gooneratne et al., 1979; Saylor and Leach, 1980) and, on this subject, recent
research is sparse.

Recent research indicates that cattle could be less tolerant to copper than was traditionally thought
(Lépez-Alonso, 2012) and that, in some circumstances, copper requirements could be lower than those
proposed by the NRC — high hepatic copper accumulation occurring already below dietary copper
concentrations considered safe and recommended by the industry (35 mg Cu/kg diet). Garcia-Vaquero
et al. (2011, 2012) compared an unsupplemented control (5-8 mg Cu/kg DM) with a copper-
supplemented diet (plus 15 mg Cu from copper sulphate/kg DM) fed for 96 days to cattle for
fattening: the authors concluded that routine copper supplementation is not necessary to maintain an
adequate copper status in feedlot cattle or to improve zootechnical parameters; histochemistry showed
signs of pathological changes in the liver at copper supplementation. In the same way, as little as
20 mg Cu/kg DM (background 4.9 mg Cu/kg DM) could reduce feed intake and feed/gain ratio in
finishing steers, as shown by Engle and Spears (2000a). Mullis et al. (2003) recommended the addition
of 7 mg Cu/kg DM to diets of Angus and Simmental heifers on the basis of experiments with
supplementation of 0, 7 or 14 mg Cu/kg DM. The control diets containing 4.4 (Angus) or 6.4
(Simmental) mg Cu/kg DM did not meet Cu requirement of either breed during gestation and lactation
or growth. On the contrary, the supplementation of 30-40 mg Cu/kg DM (background 4.7-5.8 mg Cu/kg
DM) in some studies improved performance of bulls, feed/gain ratio and growth, and decreased the
prevalence of lameness (Fagari-Nobijari et al., 2013; Netto et al., 2014). Numerical discrepancies
among studies could be related to the different concentrations of copper antagonists in the diet. The
most important are sulfur and molybdenum which reduced copper absorption due to formation of
thiomolybdates in the rumen. More details on Cu-antagonists are given in Section 3.4.2.

In the opposite way, recent research indicates that caprine could have higher copper requirements
than traditionally thought and, in some circumstances, could get benefits from copper supplementation
above the NRC requirements. Positive effects of copper supplementation for 1-year-old cashmere goats
(supplement: 10 mg _Cu/kg\ DM; background: 7.4) on growth and nutrient digestibility were
demonstrated (Zhang et al.\2008)./For 2.5-year-old wethers, supplementation of a feed (background:
5.6 mg Cu/kg feed)Awith 220 mg Lu/kg DM [enhancedgfowth) but 30 mg/kg hadan inverse effect
(Zhang et al., 2009).\.ow“level of ‘copper supplementation (7°mg"Cu/kg DM; background: 12.8) had no
beneficial effect on-gdoats~(Sanjivani et al., 2014). Higher copper levels (10-40 mg Cu/kg DM,
supplemented to diets with 6-10 mg Cu/kg) increased body weight, average daily gain (ADG) in goat
kids (Datta et al., 2007; Mondal et al., 2007a). Solaiman et al. (2006a,b) and Cummins et al. (2008)
observed that oral administration of 100 mg Cu/day for 98 days to goat kids (4-5 months old, fed a
basal diet with 13.8 mg Cu/kg) increased ADG and feed:gain ratio, but 200 mg Cu/day decreased
ADG. A wide spectrum of copper levels (20, 40, 80, 160, 320, 640 mg Cu from copper sulphate/kg
DM; background: 14.3) was evaluated by Huang et al. (2013, 2014) in Jianyang Big-ear goat kids.
Copper supplementation did not affect ADG, average daily feed intake (ADFI) and feed:gain ratio of
goat kids.

In general, the more recent data reviewed above are in accordance with the established data on
ruminant requirements. However, studies in caprines could be interpreted as indicating a somewhat
higher requirement, which would likely result from interactions between copper and Cu-antagonists.

3.2.1.4. Horses

The most recent copper requirements/allowances and recommendations for horses are presented in
Table 5. Both NRC (2007b) and the Institut National de la Recherche Agronomique (INRA) (2012) had
recently reviewed copper requirements of horses, recommending a general value of 10 mg/kg DM feed
for all ages of horses, regardless of the degree of work and stage of production. On the contrary,
other EU national scientific bodies established different copper requirements for horses depending on
breed, age, sex and pregnancy status within the range of 7-12.5 mg/kg DM feed. EU Feed Industry
recommends for horses as total dietary concentration the maximum currently authorised copper in
animal feed (25 mg Cu/kg diet).

No recent papers on this subject which would allow an update on horse copper requirements have
been published.
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Table 5: Copper requirements and allowances (mg/kg DM complete feed) and recommendations
(mg/kg complete diet) for horses

. Recommendation EU Feed
Requirements and allowances

Category  Age, production Industry‘®
NRC® GfE® INRA MTT® Total Supplemented
Growing 4-24 months 10 10-12 10 25 10-15
Stallion 10 7-10 10 25 10-15
Mare Pregnant, lactation 10 8-10 10 12.5 25 10-15
Adult No work-heavy work 10 7-10 10 6-12.5 25 10-15

Sources: NRC, USA (2007b); GfE, Germany (2014); INRA, France (2012); MTT, Finland (2013); European Feed Industry.
(a): Requirements. Adult horse with 600 kg bw.

(b): Requirements.

(c): Given as daily requirement, re-calculated for 500 kg bw using feed intake data.

(d): Data provided by stakeholders following a call for data.

3.2.1.5. Rabbits

The NRC (1977) established copper requirements for growing and fattening rabbits at 3 and 5 mg
Cu/kg feed for lactating does, whereas INRA (1989) set copper requirements at 5 mg Cu/kg for both
categories. Data on recommendations from single publications range from 5 to 30 mg Cu/kg feed, with
higher values suggested for breeding does and fur production (Schlolaut, 1987; Halls, 2010; Mateos
et al.,, 2010). EU Feed Industry recommends for rabbits as total copper dietary concentration the
maximum currently authorised for this species (25 mg/kg diet).

3.2.1.6. Fish

Fish absorbs copper via two routes: the gills and the intestine; hence, copper is available from both
sources: water and the-diet. However, copper in the rearing water alone cannot meet the requirements
and oral administration/of\copper is essential for aquatic animals (Lee _and Shiau, 2002; Lin et al.,
2008; Grosell, 2012)./The relative /contribution yof waterborne cepper £o; whole-bedy copper content
typically accounts “for\abeut -10% “and| increases up~to ©0% ‘at /alldietary),opper concentration of
0.8 mg/kg (Kamunde et.al;, 2002).

A considerable body—of research has been carried out allowing to establish the dietary copper
requirements for several fish species, such as rainbow trout and common carp, channel catfish, tilapia,
grouper, yellow catfish, grass carp, blunt snout bream, large yellow croaker, tongue sole (Wang et al.,
2015), red sea bream and Russian sturgeon. Details of these studies (including latin names and end
points are presented in Table 6). Overall, dietary requirements for fish range from 3 to 14 mg Cu/kg
DM feed, depending on the species, life stage and feeding regime (Lorentzen et al., 1998; Clearwater
et al., 2002; NRC, 2011; Mohseni et al., 2014). NRC (2011) has established the copper requirement for
Atlantic salmon at 5 mg/kg DM. A detailed description of studies on fish requirements is given in
Appendix A.

Table 6: Copper requirements of different fish species

Common name Requirement End point Reference
Latin name (mg/kg DM) P

Rainbow trout 3 Growth rate Ogino and Yang
Oncorhynchus mykiss (1980)
Common carp 3 Growth rate

Cyprinus carpio

Channel catfish 5 Cytochrome c oxidase and Cu-Zn-SOD = Gatlin and Wilson
Ictalurus punctatus activities (1986)

Atlantic salmon 5 NRC (2011)
Salmo salar

Tilapia 5 Growth rate, body copper Shiau and Ning
Oreochromis spp. (2003)
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Common hame Requirement

Latin name (mg/kg DM) End point Reference
Grouper 4-6 (CuS0O4) Growth rate, body copper, Cu-Zn-SOD Lin et al. (2008)
Epinephelus malabaricus  2.4-3.7 (organic activity, TBARS® Lin et al. (2010)
copper peptide)

Yellow catfish 3.1-4.2 Body copper Tan et al. (2011)
Pelteobagrus fulvidraco
Grass carp 4.7-5.0® Growth rate, feed efficiency, Tang et al. (2013)
Ctenopharyngodon idella ceruloplasmin activity
Blunt snout bream 12-14 SGR© Shao et al. (2012)
Megalobrama
amblycephala
Large yellow croaker 3.7-7.6 Growth rate, body copper, vertebrae  Cao et al. (2014)
Larimichthys croceus copper, Cu-Zn-SOD activity
Tongue sole 11-12 Growth rate, protease-, amylase-, Wang et al. (2015)
Cynoglossus semilaevis lipase-, Cu-Zn-SOD and lysozyme

activity
Red sea bream 4.5 Feed efficiency ratio, protein efficiency El Basuini et al.
Pagrus major (nanoparticles)@ ratio, protein retention, body copper,  (2016)

protease activity, lysozyme activity and

total serum protein
Russian sturgeon 6.8-8.2 Growth rate, body copper, Cu-Zn-SOD Wang et al. (2016)
Acipenser gueldenstaedtii and ceruloplasmin activity

(a): TBARS: thiobarbituric acid-reactive substances (hepatic levels).

(b): In mg/kg wet weight.

(c): SGR: specific growth rate.

(d): Supplemented as copper nangparticles (Sigma-Aldrich, 207780-500G: 99%, USA).

3.2.1.7. Crustaceans

Few data are available on the copper requirements of crustaceans; the most studied farmed
crustaceans to date are various species of shrimp.

The respiratory pigment in crustaceans is haemocyanin, which has an analogous role to
haemoglobin. It has been estimated that 40% (wet weight) of the body copper content in shrimp is
found in haemocyanin (Depledge, 1989). Consequently, crustaceans have a higher physiological
demand for copper than vertebrates.

Davis et al. (1993) fed juvenile Penaeus vannamei semi-purified diets containing 0 (unsupplemented),
4, 8, 16, 32, 64 or 128 mg Cu/kg diet (as copper sulphate) for 42 days. The copper content of the feeds
was not analytically confirmed; however, the unsupplemented feed contained 2 mg/kg diet. The water
content of the basal diet was not measured but was formulated to achieve a moisture content of 8-10%.
The copper requirement was reported to be 34 mg/kg diet based on growth.

Wang et al. (1997) reported a dietary copper requirement of 25 mg Cu/kg diet in fleshy prawn
(Penaeus chinesis) based on growth and tissue mineralisation. Liu et al. (1990) established a copper
requirement of 53 mg/kg in Penaeus orientalis based on growth, tissue mineralisation and cytochrome
c oxidase activity.

An 8-week feeding trial was conducted to determine the dietary copper requirement and its effect
on the non-specific immune responses of juvenile grass shrimp (Penaeus monodon) (Lee and Shiau,
2002). Purified diets with seven levels of copper (1.0, 13.3, 25.1, 36.4, 47.2, 92.7 and 178.2 mg Cu/kg
DM from copper chloride) were tested. Shrimp fed diets containing 13.3 and 25.1 mg Cu/kg DM had
significantly higher weight gain, feed efficiency and protein efficiency ratio than shrimp fed the
unsupplemented control diet and diets containing 47.2, 92.7 or 178.2 mg Cu/kg DM. Total haemocyte
count was higher in shrimp fed diets with 13.3-36.4 mg Cu/kg DM diet than shrimp fed diets with
higher copper levels, or the unsupplemented diet. Intracellular superoxide anion production ratios were
significantly higher in shrimp fed diets containing 13.3-36.4 mg Cu/kg than shrimp fed the 178.2 mg
Cu/kg DM. The adequate dietary copper concentration in growing P monodon was 17-23 mg Cu/kg
DM based on growth and about 13-36 mg Cu/kg diet DM for non-specific immune responses.
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Sun et al. (2013) exposed juvenile Chinese mitten crabs (Eriocheir sinensis) to graded dietary
copper levels (1.9, 12, 21, 40, 80 or 381 mg/kg diet, as copper sulphate) for 8 weeks. Crabs fed with
21 and 40 mg Cu/kg diet had significantly greater weight gain than crabs fed all other diets.
Haemolymph oxyhaemocyanin contents were highest in crabs fed the 21 and 40 mg Cu/kg diet,
followed by crabs fed the 12 and 80 mg Cu/kg diet, and lowest in crabs fed the 1.9 and 381 mg Cu/kg
diet. Activity of Cu-Zn SOD, phenoloxidase and total haemocyte count was significantly higher in crabs
fed the 21 and 40 mg Cu/kg diet than in crabs fed the 1.9 and 381 mg Cu/kg. This study indicates
that the optimum level of dietary copper for Chinese mitten crab is between 20 and 40 mg/kg wet
weight.

Bharadwaj et al. (2014) studied the effects of graded levels of dietary copper from an inorganic
(copper sulphate) vs an organic source (copper chelated to a hydroxy analogue of methionine) in
Pacific white shrimp (Litopenaeus vannamei) in a 6-week feeding trial. Shrimp generally required three
to four times more dietary copper from copper sulphate than from a chelated copper source to attain
comparable growth. Growth rates of shrimp fed 168 and 286 mg Cu/kg from copper sulphate were
significantly higher than the control group (9 mg Cu/kg). In comparison, the shrimp fed the chelated
copper had significantly higher growth rates at exposure concentrations of 59, 75 and 96 mg Cu/kg
compared to the control group.

Kong et al. (2014) examined the effects of copper supplementation (as copper sulphate) on growth
and antioxidant activities in juvenile oriental river prawns (Macrobrachium nipponense). Prawns were
fed semi-purified diets containing 2.8, 12.2, 20.9, 29.8, 43.1, 78.9 or 157.1 mg Cu/kg for 8 weeks.
Weight gain was significantly higher and feed conversion ratios (FCR) significantly lower in prawns in
the 2.8-78.9 mg Cu/kg dietary groups compared to the group fed the 157.1 mg Cu/kg diet. Copper
concentrations in the hepatopancreas, muscle and whole body increased with increasing dietary
copper level. Hepatopancreas Cu-Zn-SOD activity, glutathione peroxidase (GSH-Px) and total
antioxidant competence were highest in prawns fed the 43.1 mg Cu/kg diet. The dietary copper
requirement in juvenile oriental river prawns was approximately 27 mg/kg based on whole-body
copper retention.

The effects of ,coppefsupplementation on growth, digestive enzyme activities and biochemical
constituents in freshivater prawn pgst larvae (M. rosenbergii) were ifvestigated by Muralisankar et al.
(2015). Prawns were fed djets containing 0.8 (unsupplemented), 11.8,/22.7, 40.6, 665 or 88.3 mg Cu/kg
DM for 90 days. Survival/gfowth“and“digestive ‘enzyme ‘actiVities(protease, amylase and lipase) were
significantly higher in_prawns fed the 11.8, 22.7 or 40.6 mg Cu/kg diet DM compared to the other
groups.

Muralisankar et al. (2016) studied the effects of diets supplemented with copper nanoparticles (as
copper chloride) on growth, digestive, antioxidant and metabolic enzyme levels, and non-specific
immune response of freshwater prawn post larvae (Macrobrachium rosenbergii). Prawns were fed diets
containing 11.6, 22.5, 33.3, 54.9, 76.5 or 98.1 mg Cu/kg DM for 90 days. Survival, SGR, digestive
enzyme activities (protease, amylase and lipase), and total and differential haemocyte counts were
significantly higher in prawns fed the 22.5 mg Cu/kg diet DM compared to the other groups.

Considering the inconsistent data set with large interspecies variability, the FEEDAP Panel is not in a
position to conclude on the copper requirements of crustaceans, but it is thought to be considerably
higher than in other target animal species.

3.2.1.8. Dogs and cats

The copper requirements/allowances and recommendations for dogs and cats are presented in
Table 7. As published experiments on copper requirements are very scarce, NRC (2006) only published
requirements for kittens and included allowances for all other categories of dogs and cats. No
published scientific papers deal with this subject since the latest copper requirement/allowance update
for dogs and cats (NRC, 2006).

Table 7: Copper requirements/allowances (mg/kg DM feed) for dogs and cats

Requirements and allowances
Species Category

NRC® NRC® GFE®) FEDIAF(®)
Dog Puppies after weaning 11.0 11.3 11.0
Late gestation, lactation 12.4 10.6 11.0

Adult, maintenance 6.0 6.6 7.2-8.3@
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Requirements and allowances

Species Category NRC® NRC® GFE® FEDIAF®©
Cat Kittens after weaning 4.5 8.4 10.0

Late gestation, lactation 8.8 10.0

Adult, maintenance 5.0 5.0-6.7®

Sources: NRC, USA (2006); GfE, Germany (1989); FEDIAF (2014).

(a): Requirements.

(b): Allowances.

(c): Data provided by stakeholders following a call for data. http://www.fediaf.org/fileadmin/user_upload/PetNutrition/FEDIAF_
Nutrition_Guideline161214.pdf

(d): Depending on maintenance energy requirements; the lower level (95 kcal/kg®”) indicating the higher copper requirement.

(e): Depending on maintenance energy requirements; the lower level (75 kcal/kg®®”) indicating the higher copper requirement.

3.2.2. Copper deficiency symptoms

The relative susceptibility of different copper-dependent processes, and therefore the
manifestations of copper deficiency, varies with the animal species and the stage of development at
which critical dysfunctions develop (Suttle, 2010). Within the domestic animals, ruminants are
particularly susceptible to copper deficiency and copper-related disorders (both primary and
secondary); for the other domestic species, copper concentrations in the diets generally cover
nutritional requirements. A wide range of copper-related diseases has been associated with low copper
status (Suttle, 2010). The summary given below follows in large parts the review of Suttle (2010), in
which specific references can be found.

Following some pioneering field studies in the 1930s, swayback was eventually reproduced
experimentally by feeding pregnant ewes diets low in copper or high in molybdenum and sulfur. Three
types of ataxia, the most sensitive clinical consequences of copper deficiency, occur naturally in lambs:
(i) neonatal (paralysis_or-ataxia at birth, followed by death; primary anoxic lesions in the brain stem
and demyelination 0f the-¢cerebral cortex); (ii) delayed (uncoordinated hindlimb movements, stiff and
staggering gait, swaying hind quarters, often triggered\ by flock disturbances); and (iii) atypical (older
lambs stand transfixed,” head quivering and|apparently=blifd; jptimary| lesion;\cerebral oedema). In the
goat kid, the delayed<form-is’ predominant and’ cerebella hypoplasia is an additional feature. Calves
undergo a slow reguldr_myelination of the central nervous system (CNS) and do not succumb to
neonatal or delayed ataxia. Copper-deficient chickens may also display ataxia and spastic paralysis
(Leeson, 2009). Some clinical cases of copper deficiency were described in the recent literature. Ozkul
et al. (2012) described congenital copper deficiency in goats — swayback disease. The kids with a
twisted carpal joint were identified; the animals walked on their articulus carpii and newborn goats had
stiff legs. The determined mean plasma copper levels of goats that gave birth to kids with congenitally
twisted carpal joints were generally decreased (9.6 & 0.4 umol/L; 2.99-11.8 umol/L). Sousa et al.
(2012) described an outbreak of enzootic ataxia among sheep. The symptoms began 30 days after
birth, with a clinical condition that included locomotion difficulty, limb ataxia, tremors and continual
falls. Copper concentration in the plasma (5.9 + 1.1 pmol/L) and liver (4.1 + 2.5 mg/kg DM) was low
but without any difference between clinically healthy animals and those affected by enzootic ataxia.
Despite the low copper content of the diet, the high hepatic iron levels (1,375 + 325 mg/kg on DM)
suggest that the antagonic effect of iron may have been an important factor in triggering copper
deficiency in these animals.

When copper deprivation occurs in sheep after myelination is complete, it is the fleece that displays
abnormality: wool crimp is progressively lost until fibres emerge almost straight, giving rise to ‘stringy’
and ‘steely’” wool with diminished tensile strength and elastic properties. The zonal changes are
irreversible, but copper supplementation quickly restores normal properties in new wool growth.
Changes in the growth and physical appearance of the hair have also been reported in cattle. In breeds
of cattle with highly pigmented coats, loss of coat colour (achromotrichia) is usually the earliest and
sometimes the only clinical sign of copper deprivation. White wool develops in normally black-woolled
sheep and pigmentation is so sensitive to changes in copper intake that unpigmented bands can be
produced by intermittent copper deprivation. Pigmentation of feathers in colour-feathered strains is
reduced (Hill and Matrone, 1961). A lack of hair pigmentation has also been described in horses.

Anaemia due to copper deficiency was described first in poultry (Elvehjem and Hart, 1929). Iron
absorbed as Fe(II) is usually transported as Fe(III), a conversion which requires ferroxidase enzyme, a
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component of which is copper. Anaemia develops after severe or prolonged copper deprivation. In
lambs it is hypochromic and microcytic in type, similar to the anaemia of iron deficiency, whereas in
cows and ewes it may be hypochromic and macrocytic. Hansen et al. (2010) found that severe, long-
term copper deficiency in growing beef calves reduced iron status due to reduced export of iron from
the liver. Copper deficiency affected hepatic gene expression of hepcidin and ferroportin, but did not
affect duodenal expression of proteins important in iron metabolism. Nutritional anaemia induced by
copper deficiency has been demonstrated in piglets fed diets very low in copper but is easily alleviated
by increased dietary supply of copper (NRC, 2012). Anaemia has also been described in horses.

Abnormalities in bone development vary widely both within and between species. The disturbances
of endochondral ossification that give rise to uneven bone growth (osteochondrosis) can only affect
growing animals and bone morphology will be influenced by the rate of growth, body weight
distribution, movement and even by the rate of hoof growth at the time of copper deprivation.
Widening of the epiphyses of the lower-limb bones is a common manifestation in growing cattle.
Young chicks became lame within 2-4 weeks when fed a copper-deficient diet. Bones are fragile and
easily broken, the epiphyseal cartilage becomes thickened and vascular penetration of the thickened
cartilage is markedly reduced (Leeson, 2009). Bone disorders (osteochondrosis, lowered osteoclast
activity, bowing of legs) are also reported to be due to copper deficiency in young pigs probably
related to defects in cartilage formation of bones and joints as seen in ruminants. Osteochondrosis and
osteodysgenesis have been largely associated with hypocupraemia in horses (Carbery, 1978; Bridges
et al., 1984). In foals, copper deficiency causes severe degenerative disease of the cartilage (copper is
a required co-factor of lysyl oxidase, an enzyme needed for collagen synthesis) characterised by
breaking of articular and growth plate cartilage through the zone of hypertrophic cells, and resulting in
arthritis and periarticular enlargement of the long bones (Eamens et al., 1984; Bridges and Harris,
1988; Bridges and Moffitt, 1990). When foals were fed a liquid milk-replacer diet containing 1.7 mg
Cu/kg DM for 13-16 weeks, lameness was observed 2-6 weeks after serum copper concentrations had
decreased to less than 0.1 ug/mL (Bridges and Harris, 1988). Feeding foals with 8 mg Cu/kg diet, as
compared to 25 mg Cu/kg diet, resulted in declining liver copper values, osteochondritis, epiphysitis
and limb deformitieés “over,"a 6-month period (Hurtig et al., 1993). Secondary copper deficiency
associated with excessive_chronic dntake of | zifc is devastating in tapidly growing foals, as in this
species zinc is a potent/inhibitor of/copper gut absorption (Cymbaluk and Smart, £993).

Natural clinical\manifestations ‘of connective tissue dysfUnction” are rare. Ostedehondrosis in young
farmed deer has been_attributed to copper deprivation, is accompanied by gross defects in the
articular cartilages and may arise through impaired collagen and elastin development. Subperiosteal
haemorrhages and imperfect tendon attachments are seen in lambs on molybdenum-rich pastures
(Hogan et al., 1972; Pitt et al., 1980). Copper deficiency in birds, and especially in turkeys, can lead to
rupture of the aorta (Graham, 1977). The biochemical lesion in the copper-deficient aorta is likely
related to failure to synthesise desmosine, the cross-link precursor of elastin; the lysine content of
copper-deficient elastin is three times that seen in control birds, suggesting failure to incorporate lysine
into the desmosine molecule. An apparent relationship between low blood copper concentrations and
uterine artery rupture in aged parturient mares suggests reduced copper absorption with age or
reduced ability to mobilise copper stores (Stowe, 1968).

The copper-responsive diarrhoea widely reported in grazing cattle has been induced experimentally
in hypocupraemic Friesian calves. ‘Teart scours’ occur before liver or blood copper reaches subnormal
levels and they may be caused by acute, localised, thiomolybdate-induced copper depletion of the
intestinal mucosa. In contrast to young ruminants, copper deficiency is not reported to induce scouring
in pigs (NRC, 2012).

Poor growth is a common feature of copper deprivation in grazing sheep, cattle and deer. Growth
retardation in the field is usually associated with mild exposure to molybdenum and, similar to
infertility, is mostly a feature of molybdenum-induced copper deprivation under experimental
conditions. Furthermore, growth can be retarded in the absence of any clinical abnormalities and is
accompanied by poor feed conversion efficiency when molybdenum-induced copper deprivation begins
in utero. Hansen et al. (2009) observed lower body weight gain (BWG) till weaning in beef calves with
copper deficiency (plasma copper 1.5-6.4 umol/L) in comparison with adequately supplemented
(plasma copper 13-24 pmol/L); however, the BWG of the two groups did not differ during the growing
phase and in the finishing phase. Enjalbert et al. (2006) conducted a retrospective study using analysis
of plasma copper from 2,080 dairy and beef cow herds and concluded that inadequate copper status
(plasma copper below 8 pumol/L) did not increase the risk of low fertility or other reproduction
disorders, but increased the risk of health disorders or growth retardation in calves. In conclusion,
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copper deficiency is not observed in ruminants when the diet contains 6-8 mg Cu/kg DM with the
exception of increased concentration of antagonists (sulfur, molybdenum, iron) in the diet.

The lack of copper supply may result in poor growth and performance and the pig has been
suggested as a model to study copper deficiency in humans as artificially designed diets low in copper
resulted in lowered metabolism of simple sugars in pigs (Scholfield et al., 1990).

Clinical signs of copper deficiency in other animal species share the main symptoms described
above, but not all, probably due to lesser investigations.

Copper deficiency in rabbits will manifest as retarded growth, grey hair, bone abnormalities and
anaemia, among other symptoms (Mateos et al., 2010). However, even at the lower levels of
supplemental dietary copper, no deficiency symptoms are expected because of the high copper
content of most raw materials used in rabbit feeds (e.g. sunflower meal, alfalfa, wheat germ feed,
grape marc/pulp; Annex B, Tables B.1, B.2).

Fish fed diets with copper contents below requirement and reared in water with low copper
concentrations may develop deficiency symptoms. Decreased tissue copper concentrations, suppressed
appetite, reduced growth, anaemia and reduced activity of copper-containing enzymes have been
observed in copper-deficient fish (Ogino and Yang, 1980; Gatlin and Wilson, 1986; Shiau and Ning,
2003; Lin etal, 2008; Tan etal, 2011; Chen et al.,, 2015b). Copper deficiency signs including
mortality, cataracts and caudal fin erosion were observed in rainbow trout after 12 weeks of feeding
on a plant-based diet without copper supplementation (Read et al., 2014). Dietary copper deficiency
(in terms of poor growth, enlargement of the heart and reduced copper levels in the hepatopancreas
and carapace) was observed in Pacific white shrimp (L. vannamei) fed semi-purified diets with
< 34 mg/kg feed (Davis et al., 1993).

Copper deficiencies are rare in dogs and cats. Zentek and Meyer (1991) fed a low dietary level of
copper (1.2 mg Cu/kg DM) to beagle puppies from 1 to 6 months of age. Plasma copper
concentrations began to fall after 4 weeks on the diet. After 3 and 4 months of depletion, a loss of
hair pigmentation on the face and head and hyperextension of the distal phalanges occurred,
respectively. Studies of copper deficiency in cats showed clinical signs different from those observed in
the dog. Doong et al: (1983)\found that kittens fed less than 4 mg Cu/kg DM showed signs of copper
deficiency that included decreased growth rate ‘and reduced concentratiohs of copper in the liver but
no other consistent (clinical’signs were abserved. Adult-fermale cats fed low ‘digtary=Copper levels (3 or
6 mg Cu (as cupkicsulphate)/kg” DM added to' a basal-ptirified“diet €ontaining™0.8 mg Cu/kg diet)
showed reduction of-reproductive efficiency, increasing the time for successful conception compared to
control cats fed diets supplemented at 10 mg Cu/kg diet (Fascetti et al., 1998, 2000).

3.2.3. Tolerance of animals to dietary copper

As previously stated, large differences exist among animal species in their tolerance to dietary
copper. These differences are mainly related to the capacity for copper excretion in the bile as well as
the way in which copper is bound within the hepatic cell. Figure 1 exemplifies the interspecies
differences in hepatic copper accumulation at different concentrations of dietary copper. Ruminants
(particularly sheep, although recent information also includes cattle; Lopez-Alonso et al., 2005a,b)
have a very limited capacity for biliary copper excretion and at dietary copper concentrations slightly
above the requirements (twofold), copper starts to accumulate at high concentrations in the liver. On
the contrary, monogastric species (including pig, poultry, horses and possibly rabbits) can largely
increase biliary excretion and copper does not start to accumulate in the liver until copper
concentrations approximately two orders of magnitude over the nutritional requirements are given.

Once inside the hepatocyte, large interspecies differences exist on the mode copper is bound.
Ruminants have a very limited capacity for MT synthesis and only a small proportion of copper can be
safely stored. Once MT are saturated, copper starts to accumulate in the nucleus and as free ions in
the cytosol, leading to oxidative damage. On the contrary, in monogastric species most of the copper
(up to 80%) is safely stored in the liver cell bound to MT (Bremner, 1991).
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The figure accurately shows end points for liver copper in separate experiments in which dietary copper was varied:
those end points reflect how long each study ran. With cumulative toxicants such as copper, liver copper goes on
increasing unless and until adaptive mechanisms limit the rise: they generally do in cattle but not sheep (Suttle, 2016).

Figure 1: Species differences on responses in liver copper deposition to increases in dietary copper
supply as summarised by Suttle (1987). Taken from Suttle (2010)

3.2.3.1. Poultry

Although it is well documented that levels at 20 times the requirements can provide benefits to
health and/or performance of poultry (see also Section 3.2.4), toxicity signs do not occur until the
dietary levels approach 100 times the requirement. Unlike ruminants, no major feed ingredients used
in poultry nutrition are sufficiently high in copper to cause toxicity. Naturally occurring cases of copper
toxicity are quite rare, most often due to accidental overdoses of copper sulphate or other copper
sources (Malinak et al., 2014).

Based on published literature, NRC (2005) set the copper maximum tolerable level (MTL) at
250 mg Cu/kg diet=forchickens and turkeys @nd at 100 mg Cu/kg[diet f6r ducks. Using graded levels
of supplemental basi¢‘coppeii chloride (150,0250;| 500/250fand 1,000 mg Cu/kg diet;\basal diet — with
5 mg Cu/kg diet as.copper/ sulphate = contained 15 mg €Cu/kg*diet), ‘Persia’ et"al’ (2004) suggested
toxic levels of copper-(estimated by regression analysis) to be 642 mg Cu/kg in terms of weight gain
and 781 mg Cu/kg for feed utilisation. The same authors also suggest a breed effect in response to
toxic levels of copper, because New Hampshire x Columbian chicks are more tolerant to high levels of
dietary copper compared with commercial (Ross x Ross) broiler strains.

To the knowledge of the FEEDAP Panel, no more recent studies have been conducted to evaluate
copper tolerance in poultry. However, in countries where copper is allowed at high doses in animal
feed, many studies have been conducted over the years aiming to evaluate the effect of copper as
growth promoter and to reduce cholesterol levels in eggs and meat products (see Section 3.2.4).

None of the experiments in chickens for fattening found negative effects on feed intake and body
weight when copper was added up to 450 mg/kg diet (Guo et al., 2001; Luo et al., 2005; Mondal
et al.,, 2007b). However, when other end points are considered, negative effects can be observed.
Some studies with broilers have indicated that supplementation at 250 mg Cu/kg diet can cause slight
gizzard lining erosion (Robbins and Baker, 1980), proventriculitis (Wideman et al., 1996), lesions in the
oral cavity, tongue and pharynx (Chiou et al., 1999) or reduced blood haemoglobin and packed cell
volumes (Samanta et al., 2011a). In long-term studies with laying hens, 400 mg Cu/kg diet, or higher,
reduced feed intake and egg production (Gugclu et al., 2008), and increased gizzard weight (Jackson
et al.,, 1979; Jackson and Stevenson, 1981). Supplementation with 500 mg Cu/kg diet reduced body
weight and feed intake, and caused gizzard erosion in turkey poults (Christmas and Harms, 1979)
although in older turkeys, addition of up to 500 mg Cu/kg diet did not affect performance (Leeson
et al., 1997). Ducklings accumulated more copper in their livers than chicks when fed high dietary
copper concentrations (Wood and Worden, 1973) and thus, may be more sensitive to copper toxicosis.
Addition of 500 mg Cu/kg to duckling diets caused myopathy characteristic of selenium-vitamin E
deficiency (Van Vleet, 1982). High mortality and severe necrosis in the gizzard, skeletal muscle and
intestine were observed in ducklings fed 1,000 mg Cu/kg diet.

In conclusion, the FEEDAP Panel considers that the current NRC (2005) MTLs for chickens and
turkeys (250 mg Cu/kg diet) and ducks (100 mg Cu/kg diet) remain still valid.
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3.2.3.2. Pigs

Pigs are among the most tolerant animal species to dietary copper. This is because they have a
great capacity for copper biliary excretion and it is not until copper is provided in the diet at very high
concentrations that pigs start to accumulate copper in an appreciable way (Figure 2). Once the liver
capacity to deliver copper is overloaded, toxicity appears, with reduced haemoglobin levels and
jaundice being the most common signs of copper toxicity in this animal species (NRC, 2005, 2012).

It is well assumed that supplementation of 250 mg Cu/kg diet increases liver copper concentration
without causing negative effects on animal growth or health. On the contrary, the addition of such
high copper concentrations in the diet (as copper sulphate) results in increased growth and thus,
copper has been extensively used as growth promoter in the pig industry in the last six decades (NRC,
2012). Consequently, hepatic copper accumulation has been extensively studied in pigs receiving
increasing graded copper doses. Figure 2 summarises the results of deposition of copper in pig liver
from 12 studies conducted at various copper concentrations in the diet, which include eight
publications considered by SCAN (2003). A polynomial regression curve was fit (see Figure 2); the
summary output of the model is provided in Appendix B. At low dietary copper levels (more than
onefold the physiological requirements), copper concentrations in the liver do not increase appreciably;
it is at 100-150 mg Cu/kg diet when copper starts to accumulate in the liver.
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Figure 2: Copper deposition in liver of pigs. Data from the following publications were used: Lucas
and Calder (1957), Allen et al. (1961), Elliot and Amer (1973), Omole and Bowland (1974a,b),
Castell et al. (1975), Hansen and Bresson (1975), Cromwell et al. (1978), Braude (1980),
Madsen et al. (1982), Bradley et al. (1983), Hernandez et al. (2008). Various symbols denote
different analytical methods used in the studies. A polynomial regression curve of order 3 was
fit (y = 28.0048 + 0.1032x — 0.0011x* + 0.00005x>; R* = 0.6868)

According to the regression curve, the liver of pigs when fed with 25 and 170 mg Cu/kg feed would
contain 29.6 and 116.9 mg Cu/kg DM, respectively; these values refer to pigs which are until a
slaughter weight of between 77 and 107 kg (initial bw 7-25 kg) with the copper concentrations
reported in Figure 2.

Four studies reported liver copper concentrations of piglets (Apgar et al., 1995; Schiavon et al.,
2000; Zhao et al., 2014; Bikker et al., 2015) after feeding different copper levels for 5-8 weeks. As an
average of five experimental groups with 150-282 mg dietary Cu/kg (the data of Zhao et al. (2014)
were not considered because of inconsistencies), a copper concentration of 48 mg/kg liver DM was
calculated. A comparison of this value with the regression-derived value shows the influence of feeding
time on liver copper. The most recent study provides information on the liver copper content when
piglets are fed dietary copper up to 166 mg/kg and until slaughter with about 120 kg body weight
with 10-15 mg Cu/kg feed (Bikker et al., 2015). The control group (20 mg Cu/kg in the piglet phase)
showed 39.7 mg Cu/kg liver DM, the high copper group (166 mg Cu/kg in the piglet phase) showed
49.6 mg Cu/kg liver DM. It is concluded that feeding piglets up to 170 mg Cu/kg feed followed by a
reasonably reduced copper concentration (e.g. 10-15 mg/kg) would not result in essentially increased
liver copper levels compared to continuous low copper feeding.
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NRC (2005) has established an MTL of copper for pigs at 250 mg/kg based on several studies in
growing pigs fed diets supplemented with up to 500 mg Cu/kg diet. Pigs receiving 500 mg Cu/kg diet
had reduced growth and haemoglobin concentrations (Bunch et al., 1965; Kline et al., 1971) and may
also result in increased mortality (DeGoey et al., 1971).

The duration of exposure to copper has a major impact on toxic reactions (NRC, 2012). A study
with sows over four reproductive cycles showed an increase in the culling rate of sows fed 116 mg Cu
(from copper sulphate pentahydrate)/kg compared to the control group (unsupplemented diet, 8 mg
Cu/kg), mainly due to lack of pregnancy after mating (Poulsen, 1993). These results indicate that long-
time dietary copper supplementation of about 100 mg/kg — which is normally considered to be a safe
concentration for pigs — may negatively affect the reproductive capacity in sows (Poulsen, 1993).
Similar reproductive failure has been observed in gilts (Poulsen, 1993). In contrast, a long-lasting study
with sows (up to six reproductive cycles) found no effect on the reproductive performance when fed
diets supplemented with 250 mg Cu (from cupric oxide)/kg (Cromwell et al., 1993). The differences
may be due to the different copper sources used in the two studies as cupric oxide is known to have a
lower bioavailability (see Section 3.4.1).

Copper toxicity may also be accentuated or alleviated by the dietary composition, applied
feedstuffs, and elements such as phytate and other minerals affecting the availability and absorption of
copper (see also Section 3.4.2.). Thus, increased zinc and iron levels are reported to prevent copper
toxicity (Suttle, 2010; NRC, 2012). Moreover, it is speculated that pigs restricted in feed intake may not
be as sensitive to high copper doses as ad libitum fed pigs, indicating that the daily intake may also
affect copper tolerance in pigs (NRC, 2012).

In conclusion, pigs are tolerant to high dietary copper supply; a copper supply of up to 250 mg/kg
diet is generally considered to be the maximum tolerable concentration. However, the duration of
exposure, the dietary contents of, for example, iron and zinc, the copper source and other factors may
affect the exact upper limit.

3.2.3.3. Ruminants

Ruminants, particularly sheep, are very sensitive to dietary copper. Both clinical and subclinical
episodes of chronicopper poisoning (CCP) represent fowadays the main toxicological problem in this
animal species, being/résponsible foriimportant econgmic(losses over the werld ((see review of Lopez-
Alonso, 2012).

The CCP in ruminants is-a two-stage process (Howell and Gooneratne, 1987). The first stage is the
prehaemolytic phase, during which copper accumulates in the liver without clinical signs of disease
being manifested. Only when the liver’s capacity to accumulate copper is overloaded, usually following
a stressful event of any nature, does substantial liver degeneration develop. Copper is then released
from the liver, usually causing a haemolytic crisis (Howell and Gooneratne, 1987). The clinically silent
phase of the disease makes diagnosis difficult until the animal experiences a haemolytic crisis. In fact,
in a study of herds with clinical copper toxicosis, the clinical cases represented only a small proportion
of the actual cases of copper poisoning (Laven et al., 2004). Identification of animals in the silent,
chronic phase of copper accumulation is important not only to prevent economic losses due to
subsequent severe disease or death, but also to avoid the subclinical disease, and to adapt copper
supplementation to physiologic needs (Lopez-Alonso et al., 2006).

The narrow margin between the copper physiological needs and the copper concentrations at
which toxic effects can occur makes the establishment of MTLs in ruminants a difficult task. Overall,
the great negative interactions between copper and sulfur and molybdenum, as well as iron (which
form insoluble copper or iron thiomolybdates in the rumen, and consequently determine copper
absorption) and the limited biliary excretion makes that ranges for copper requirements and copper
toxicity can overlap under certain conditions.

The mechanisms of the three-way interaction between copper, sulfur and molybdenum were first
described by Suttle (1975) and are described in detail in Section 3.4.2. Suttle (2010) stated marginal
bands for CCP for sheep 12-36 mg Cu/kg DM, for cattle 50-300 mg Cu/kg DM and for goats
30-100 mg Cu/kg DM (values below the lower limit rule out CCP; values above the upper limit are
strongly suggestive of CCP).

Although the above-mentioned difficulties were well identified in its last review of 2005, the NRC
has estimated MTLs of copper at 100 mg/kg DM for beef cattle, 40 mg Cu/kg DM for dairy cattle and
15 mg/kg DM for sheep (NRC, 2005).

Reports of copper poisoning were somewhat rare; however, more recently, an increasing number of
episodes of copper toxicity have been reported in cattle (Bidewell et al., 2000; VLA, 2001). Bidewell
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et al. (2012) investigated the occurrence of CCP in a British dairy herd and concluded that dietary
copper of 40-50 mg/kg DM can cause CCP. Cattle given copper feed concentrations within the EU-
authorised levels can accumulate excessive copper concentrations in the liver; at hepatic copper
concentrations slightly higher than normal (around 125 mg/kg wet weight), negative effects on animal
performance in terms of reduced feed intake and ADG (Engle and Spears, 2000a) and liver damage
(Garcia-Vaquero et al., 2012) were observed. These studies indicate that cattle can, in certain
circumstances, be less tolerant to copper than originally thought. The increased risk of CCP in cattle
was not necessarily associated with an increase in dietary copper, but could be related to changes in
the bioavailability of copper supplements (i.e. from cupric oxide to other more available sources) and
diets with a high proportion of concentrate feed (feedlots) where copper is more available (Lopez-
Alonso, 2012; more details are provided in Section 3.4.1).

Cattle are at greatest risk of developing CCP prior to weaning when given copper-rich milk
substitutes (Suttle, 2010); this is because young ruminants have higher copper absorption and are
more susceptible to copper toxicosis than adults. Croubels et al. (2001) described chronic copper
intoxication in veal calves after a mixing error resulted in copper levels ranging from 120 to 159 mg
Cu/kg in the milk powder. The calves were fed about 8 L of milk per day over a period of 3 weeks.
The first clinical sign was haemoglobinuria and four calves died. Six months after the use of the milk
replacer was terminated, other calves that had been exposed to copper still showed distinct growth
disturbances. Although less studied than in sheep, genetic differences among breeds in copper
metabolism also occur in cattle. Simmental accumulates less copper in the liver than Angus (Ward
et al., 1995; Mullis et al., 2003), with biliary copper excretion being higher in the former (Gooneratne
et al., 1994). Jersey cows are more susceptible to copper toxicity than Holstein cows (Du et al., 1996)
but the latter accumulate more copper in the liver than Galician blonde (Miranda et al., 2010). These
results indicate that the sensitivity to excessive copper supply is affected by breed; however, these
differences between cattle breeds are considered minor and of no practical relevance.

Sheep is the most susceptible species to copper. Complete sheep diets containing more than 15 mg
Cu/kg DM can cause CCP. Sheep show histological or biochemical evidence of liver damage at liver
copper levels of 350 -mg/kg "DM. The first phase of CCP (prehaemolytic) is characterised by copper
accumulation in the/iver~(up° to 1,000-1,500 mg Cu/Kg DM) and inCreased liver enzymes (glutamate
dehydrogenase, GLDH? “‘glutamyltransferase, | GMT);-\the setond [phasefis Marked by an acute
haemolytic crisis (Suttle;*2010). Although the" molecular* méchanisms behind the™Sheep sensitivity to
copper toxicosis arenat_conipletely known, it is assumed to be due to their inability to increase biliary
copper excretion in response to high copper intake. In addition, large differences exist between breeds
to accumulate copper in liver when fed low (Littledike and Young, 1993; Suttle et al., 2002) or
moderate to high dietary copper (Woolliams et al., 1982) and, thus, ovine breeds have been classified
as tolerant or resistant to copper deficiency/toxicity. Van den Top (2005) summarised breed differences
in the hepatic copper accumulation of sheep; he concluded that Texel breed has a high tendency to
accumulate copper and, on the other extreme, the Scottish Blackface breed always has the lowest
hepatic copper and therefore may be the most susceptible to copper deficiency.

The CCP in sheep results from an excessive supplementation of copper (particularly when animals
received large amounts of concentrates; Suttle, 2010) or the use of feeds that have been
contaminated with copper from agricultural or industrial sources. Copper toxicity has been extensively
reported in both sheep and cattle that have been grazing on pastures grossly contaminated with
copper-enriched pig slurry (Parkinson and Yells, 1985; Christie and Beattie, 1989; Poole et al., 1990;
Lopez-Alonso et al., 2000).

Finally, recent studies confirm that goats appear to be more tolerant to copper than originally
thought. Kids (4-5 months old) tolerated copper doses of 100 mg/day for 98 days; 200 mg/day (but
not 100 mg/day) resulted in a significant increase in malondialdehyde in mesenteric adipose tissue
(Cummins et al., 2008). Solaiman et al. (2006a,b) supplemented copper (0, 100 and 200 mg Cu/day)
from copper sulphate to goat kids for 14 weeks (basal diet 13.8 mg Cu/kg DM; ADFI: 1-1.2 kg). The
copper concentration in liver was 206, 504 and 778 mg/kg DM, respectively. Although both copper
doses did not cause any signs of toxicity, copper concentration in the liver of both supplemented
groups was in the limits (407-1,017 mg Cu/kg DM) stated by Suttle (2010) as being risky for the
development of CCP. Huang et al. (2013) did not find any signs of copper toxicity in Jianyang Big-ear
goats at the highest tested dose (640 mg Cu/kg DM given for 96 days); however, copper
concentration in the liver increased from 502 mg Cu/kg DM (supplementation 40 mg Cu/kg DM) to
839 mg/kg DM (supplementation 640 mg Cu/kg DM).
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In conclusion, the current NRC (2005) MTLs for cattle and goats of 40 mg Cu/kg DM and for sheep
of 15 mg Cu/kg DM are valid assuming normal dietary concentrations of molybdenum (1-2 mg/kg DM)
and sulfur (1.5-2.5 g/kg DM) (see Section 3.4.2). The FEEDAP Panel notes that these copper MTLs
may cause CCP when the feed contains lower levels of copper antagonists (molybdenum, sulfur) than
anticipated above.

3.2.3.4. Horses

Little information exists in the literature concerning copper tolerance in horses. It seems that
copper toxicity in horses is extremely rare. Horses are relatively tolerant to high dietary copper
concentrations. NRC (2005) has established an MTL of copper for horses at 250 mg/kg feed, based on
a study conducted in pony mares fed 791 mg Cu/kg diet for 183 days. Despite final liver copper
concentrations of more than 3,000 mg/kg DM, no adverse clinical signs were observed in the mares or
their foals (Smith et al., 1975). Although the report of Smith et al. (1975) provides evidence that MTL
would be substantially higher, the scarce research data, as well as the possible genetic difference in
susceptibility to copper toxicity, make it reasonable the MTL established by NRC.

3.2.3.5. Rabbits

The NRC (2005) established the MTL for rabbits at 500 mg Cu/kg diet based on two studies (Patton
et al., 1982; Grobner et al., 1986) in which animals received 500 mg Cu/kg diet for up to 32 days
without adverse effects on growth performance. The addition of 1,000 mg Cu/kg diet reduced weight
gain, feed intake and feed efficiency in rabbits (Grobner et al., 1986).

3.2.3.6. Fish

Overloading of copper in fish can be deleterious and triggers growth retardation, histological
alterations (Shaw and Handy, 2006) and oxidative stress (Hoyle et al., 2007). Responses to chronic
copper exposure via feed or water include increased oxygen consumption, reduced average swimming
speed, increased ion regulation, decreased number of lymphocytes and increased neutrophils, effects
on the immune system,-dltered activity of Cu-dependent and -independent enzymes, and proliferation
of epithelial cells in-gills"or intestine/(Handy, 200%).

The NRC (2005)(stated/that MTLS\ of diet-borne coppef for fishjis affected /by-species and fish size
or life stage, and\set these, values at 100"and" 500" mg" Cti/kg “diet “for ‘Atlantic “salmon and rainbow
trout, respectively. Toleraneé to dietary copper varies considerably among fish species as described
below.

Berntssen et al. (1999a) exposed Atlantic salmon (Sa/mo salar L.) parr to dietary copper sulphate
concentrations of 5 (control), 34 or 691 mg Cu/kg complete feed for 4 weeks. Increases in the metal
binding protein MT, enterocyte apoptosis and cell proliferation in the intestine occurred in fish exposed
to 34 or 691 mg Cu/kg diet. Liver copper accumulation and increased liver MT occurred at the highest
dose (691 mg Cu/kg diet). Fish exposed to 34 mg Cu/kg feed had increased intestinal and hepatic lipid
peroxidation (evident from TBARS levels), and reduced intestinal o-tocopherol levels. Intestinal and
hepatic GSH-Px activity increased in the 34 mg/kg diet copper group; however, tissue selenium and
GSH levels decreased. The results from this study indicate that dietary copper exposure affects lipid
peroxidation at a relatively low concentration (34 mg Cu/kg diet) in Atlantic salmon (Berntssen et al.,
2000). In another experiment, Atlantic salmon fry were fed graded levels of copper — 7 (control), 37,
467, 639, 869 or 1,781 mg Cu/kg dry weight feed — for 12 weeks (Berntssen et al., 1999b); fish fed
diets containing 7 and 37 mg Cu/kg had reduced growth and whole-body protein, glycogen and
selenium content.

The threshold of diet-borne copper toxicity for Atlantic salmon parr and fry can be set in the range
of 15-17 mg Cu/kg bw per day based on organ copper burden and reduced growth (Clearwater et al.,
2002). However, based on intestinal lipid peroxidation and increased enterocyte cell turnover (as
evident from increased apoptosis and cell proliferation), a threshold level of dietary copper toxicity in
Atlantic salmon parr could be as low as 1 mg Cu/kg bw per day (34 mg Cu/kg complete feed).

Dietary toxicity of copper measured as growth inhibition in rainbow trout occurs at approximately
664-730 mg Cu/kg feed corresponding to 44 mg Cu/kg bw per day (Lanno et al., 1985; Julshamn
et al., 1988; Clearwater et al., 2002). Campbell et al. (2002) reported increased oxygen consumption,
reduced swimming activity and loss of circadian periodicity in rainbow trout following 3-month
exposure to 726 mg Cu/kg DM compared to control fish. Haematocrit, red and white blood cell counts,
serum protein, glucose and growth were not affected by dietary copper exposure, whereas intestinal
and hepatic MT were elevated in copper-exposed fish.

www.efsa.europa.eu/efsajournal 27 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Kim and Kang (2004) investigated the effects of graded levels of dietary copper sulphate (0, 50,
125, 250 and 500 mg Cu/kg; not analytically confirmed) on growth, haematological and biochemical
parameters (haematocrit, haemoglobin, total protein, glucose, calcium, magnesium, alanine
transaminase (ALT) and aspartate aminotransferase (AST)) in juvenile rockfish, Sebastes schlegeli
exposed for 60 days. Reduced SGR was observed in fish exposed to copper concentrations above
50 mg/kg. Haematocrit, haemoglobin and red blood cells decreased over the course of the experiment
in all dietary groups; however, there were no significant differences among groups. Significant
differences in the biochemical parameters were only observed in the highest copper group (increase in
total protein, magnesium, AST and ALT).

Yellow catfish (Pelteobagrus fulvidraco) were fed 0.83, 4.6 or 102 mg Cu/kg diet DM (as copper
sulphate) for 8 weeks (Chen et al.,, 2015a). Dietary copper level did not significantly affect survival,
condition factor, hepatosomatic index, viscerosomatic index or visceral adipose index in the fish. The
BWG and SGR were significantly higher in fish fed 4.6 mg Cu/kg DM compared with those fed 0.83 or
102 mg/kg DM diet. Fish exposed to 102 mg Cu/kg DM diet had elevated hepatic copper
concentrations and reduced liver lipid content. Histological examination of fish from this treatment
group showed pyknotic nuclei in hepatocytes and parenchyma disorganisation. Exposure to elevated
dietary copper (102 mg Cu/kg DM diet) reduced the hepatic concentrations of free carnitine, total
carnitine and acylcarnitine, as well as the ratio of acylcarnitine/free carnitine, but increased the free
carnitine/total carnitine ratio in the liver (Chen et al., 2015b).

The effects of graded levels of dietary copper supplementation on growth, haematological profile
and ceruloplasmin activity were studied in Nile tilapia (Oreochromis niloticus) fed diets containing 17.2
(unsupplemented), 23.4, 26.9, 29.9, 1,095 or 1,609 Cu/kg DM (as copper sulphate) for 120 days
(Damasceno et al., 2016). Growth performance was significantly impaired in fish fed the diets with the
two highest copper concentrations, and fish in these groups had significantly reduced red blood cell
counts, haemoglobin, haematocrit and total plasma protein levels compared to the control. The
highest hepatic copper levels were found in fish fed diets with the high copper concentrations,
whereas low level supplementations of the control diet resulting in 23.4-29.9 mg total Cu/kg DM did
not significantly affect the!copper concentration in the liver. Nile tilapia exposed to 1,968 mg Cu/kg DM
for 42 days had reduced-\feed\intake and weight gain\by day 21 jof exposure, compared to controls
(Shaw and Handy,. 2006)./Dietary/copper exposure (as\copper sulphate) had ne=effect on mortality,
feed to gain ratio) ‘hepatosomatic’ index, haematology, gill*6rintéstine “pathology;*however, increased
lipid deposition was-observed in the hepatocytes of copper-exposed fish. El-Serafy et al. (2015)
reported that Nile tilapia exposed to 2,000 mg Cu/kg diet (not analytically confirmed) for 30 days had
significantly increased number of chromosomal aberrations (including centromeric attenuation, break,
deletion, fragmentation, gap end to end association, ring, polyploidy and stickiness) in head kidney
cells compared with control fish, indicating genotoxicity of copper at high doses in fish.

Hoyle et al. (2007) fed African walking catfish (Clarias gariepinus) for 30 days diets with different
copper concentrations (16 and 1,495 mg Cu/kg DM, as copper sulphate). High dietary copper reduced
significantly feed intake and SGR, but no significant effects were seen in mean body mass, feed to
gain ratio or haematology.

Salmonids appear to be less tolerant to excessive levels of dietary copper compared to other fish
species. Increased enterocyte apoptosis, cell proliferation, MT induction, as well as increased intestinal
and hepatic GSH-Px activity and lipid peroxidation, were observed in Atlantic salmon following dietary
exposure to 34 mg Cu/kg diet for 1 month. The current maximum level for copper in feed of 25 mg/kg
appears to be protective.

3.2.3.7. Crustaceans

Crustaceans appear to tolerate relatively high levels of dietary copper; however, there is limited
information available on a few farmed species of shrimp, and even less on crabs.

Prawn post larvae (M. rosenbergii) fed diets containing 66.5 or 88.3 mg Cu/kg DM (as copper
chloride nanoparticles) for 90 days had significantly higher SOD, catalase and aspartate transaminase
activities in the muscle, and lower growth and survival rates compared to prawns fed 40.6 mg Cu/kg
DM (Muralisankar et al., 2016). The authors concluded that 67-88 mg Cu/kg diet DM may be toxic to
M. rosenbergii.

Feed to gain ratio and growth were significantly lower in oriental river prawns fed a semi-purified
diet containing 157.1 mg Cu/kg diet (as copper sulphate) for 8 weeks compared to prawns fed
2.8-78.9 mg Cu/kg diet (Kong et al., 2014). Furthermore, cumulative mortality was significantly higher
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in prawns fed 157.1 mg Cu/kg compared to prawns fed 12.2-78.9 mg Cu/kg in a challenge test with
Aeromonas hydrophila conducted following the feeding experiment.

Diets supplemented with copper sulphate (64, 93, 135, 198, 286 or 430 mg Cu/kg diet) or an
unsupplemented diet (9 mg Cu/kg diet) were fed to Pacific white shrimp for 6 weeks (Bharadwaj
et al.,, 2014). Shrimp fed a diet containing 430 mg Cu/kg had significantly lower growth rates than
shrimp fed diets containing 198 mg Cu/kg or 286 mg Cu/kg, indicating that copper was toxic at the
highest dietary level.

Purified diets with seven levels (1.0, 13.3, 25.1, 36.4, 47.2, 92.7 or 178.2 mg Cu/kg diet DM as
copper chloride) of copper were fed to P monodon juveniles for 8 weeks (Lee and Shiau, 2002).
Weight gain, feed efficiency, protein efficiency ratio and total haemocyte counts were significantly
lower in shrimp fed 47.2, 92.7 or 178.2 mg Cu/kg diet than in shrimp fed diets containing
13.3-36.4 mg Cu/kg diet.

Juvenile Chinese mitten crabs (E. sinensis) were fed diets containing 1.9, 12, 21, 40, 80 or 381 mg
Cu/kg diet, as copper sulphate) for 8 weeks (Sun et al., 2013). Crabs exposed to either 80 or 381 mg
Cu/kg fed had significantly lower weight gain rate (WGR) and haemolymph oxyhaemocyanin content
than crabs fed optimal copper levels. Cu-Zn SOD and phenoloxidase activity, and total haemocyte
count were significantly reduced in crabs fed diets 381 mg Cu/kg.

In conclusion, studies conducted on several species of shrimp/prawns and Chinese mitten crab
indicate that the current authorised maximum level of copper in feed of 50 mg/kg is protective.
However, this level may be too low considering the copper requirement in crustaceans which appears
to be in the region of 20-40 mg/kg diet (although insufficient data are available to conclude).

3.2.3.8. Dogs and cats

In general, dogs are not particularly susceptible to copper toxicity. However, a specific problem in
copper storage can result in some breeds showing symptoms of copper toxicity. Bedlington Terriers
(Webb et al.,, 2002), West Highland White Terriers (Thornburg et al., 1986) and Skye Terriers
(Haywood et al., 1988) _have been shown to have a hereditary disorder, which causes copper to
accumulate in the diver-ahd xesults in hepatitis and cirrhosis (Hyun and Filippich, 2004). The typical
symptoms of toxic lgvels-of )copper in liver in€lude lethargy, vomiting, jaundice and weight loss. These
breeds, particularly [Bedlington| Tefriers, have been pised as models for Wilsof=disease in humans.
Moreover, in the last\years,/a’considerable amount of informationon”the 'susceptibility of other breeds
to copper hepatopathy _has“been published, including Doberman Pinschers (Mandigers et al., 2004),
Dalmatian (Webb et al., 2002) and, most recently, the Labrador Retriever (Hoffmann et al., 2006;
Smedley et al., 2009). Occasionally, other pure dog breeds as well as mixed-breed dogs have been
associated with chronic copper toxicity (Watson, 2004). Dogs with this disorder absorb normal
amounts of copper, but biliary excretion of copper is reduced as a secondary response to an abnormal
hepatic function altering biliary copper excretion (Watson, 2004; Kilpatrick et al., 2014). Progressive
accumulation of copper within hepatic lysosomes results in liver damage that can be fatal. The
occurrence of a haemolytic crisis is uncommon in dogs with inherited sensitivity to copper toxicosis,
but can be seen in terminal stages. Once diagnosed, this type of copper toxicosis is treated by
restricting copper intake, adding an antagonist (such as zinc) to the diet to reduce copper absorption,
and/or with the use of chelators that increase urinary copper excretion (Hyun and Filippich, 2004).

Apart from the above-mentioned information on copper-susceptible breeds, limited research has
examined the level of copper needed to cause toxicosis in normal dogs, which makes it not possible to
set an MTL for copper in this animal species.

Unlike the dog, there appears to be little or no information on the toxic effects of copper in cats,
making it impossible to set an MTL for copper in this animal species.

3.2.4. Other uses of copper in farm animals

Copper has received considerable attention due to its antimicrobial properties; nowadays it is well
known that copper improves performance in pigs and poultry (except laying hens) when fed at
pharmacological levels markedly exceeding the minimum requirement (Barber et al., 1955; Smith,
1969; Jenkins et al., 1970; Miles et al., 1998; European Commission, 2003; Jongbloed et al., 2011; Ma
et al., 2015). Less demonstrated are the beneficial effects of copper on growth performance in rabbits.

Copper has also been demonstrated to have significant effects on lipid metabolism in many animal
species and may thus change the fatty acid profile and reduce the cholesterol content in animal
products.
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However, due to the increasing public concern regarding bacterial resistance to antibiotics and the
possible linked co-resistance to copper (see also Section 3.6), the animal production industry is looking
for nutritional components with antimicrobial properties that maintain intestinal health and allow for
optimal growth. As such, alternatives to antibiotics and copper have been the focus of many studies
with non-ruminant animals over the recent years (Heo et al., 2013).

3.2.4.1. Growth promotion/prevention of diarrhoea
Poultry

In the United States and some Asian countries where copper is allowed at high doses in animal
feed, many studies have been conducted in recent years to evaluate copper as growth promoter. The
addition of copper levels ranging from 100 to 450 mg/kg (e.g. as copper sulphate, copper citrate,
copper chloride) has beneficial effects on body weight and feed intake in chickens for fattening (Guo
et al., 2001; Luo et al., 2005; Mondal et al., 2007b; Wang et al., 2007; Ao et al., 2009; Xiang-Qi et al.,
2009; Lu et al., 2010; Samanta et al., 2011a,b; Liu et al., 2012; Kim and Kil, 2015).

When comparing the growth-promoting effect of copper, differences have been reported among
copper sources. TBCC and cupric sulphate (220 and 180 mg Cu/kg feed, respectively) equally
improved carcass weight of chickens for fattening after 45 days of feeding compared to the negative
control (30 mg Cu/kg feed) (Arias and Koutsos, 2006). Recently Jegede et al. (2011) reported
significant higher daily weight gain with broilers fed copper proteinate than with cupric sulphate
supplemented at 50-150 mg Cu/kg feed for 56 days (background 35 mg Cu/kg feed). Jackson and
Stevenson (1981) found no effects of feeding 150-750 mg Cu/kg diet (48 weeks) from cupric oxide
while adverse effects on body weight and egg production were noted for the same doses of cupric
sulphate. More recently, copper supplemented at doses of 65-390 mg/kg feed either from cupric
sulphate or TBCC did not affect feed intake, egg production, egg mass, feed to gain ratio and body
weight of laying hens during a 16-week trial (Liu et al., 2005). In a more recent study (Pekel and Alp,
2011), no effects on laying performance were found when hen diets were supplemented with 250 mg
Cu from cupric sulphate, copper proteinate or copper lysine, compared to the control.

Little information abotit -the growth stimulation mechanisms s, available. One of the possible
mechanisms has 'béen sattributed to, the=bactericidal/and/er’ bacteriostaticy effectsyof copper on the
gastrointestinal tract microbiota (Jensen, 2016; se¢ alsa, Section 3.6.1). The ‘bactericidal action of
copper is dependent -On+the ‘concentration of free ionic copper in solution, while the free ionic copper
concentration is affectedby pH and solubility (Pang and Applegate, 2007).

Pigs

About six decades ago, the addition of high levels of dietary copper sulphate above the minimum
requirement was shown to result in increased growth in pigs. This growth-promoting effect of copper
has received much attention (NRC, 2012). However, the mechanisms behind this growth-promoting
effect are still not fully understood (Jensen, 1998; Poulsen and Carlson, 2004). One plausible
explanation is that the effect is attributed to an antimicrobial effect (less microbial load and less
microbial (potential toxic) metabolites in the gut) leaving more nutrients and energy available to the
pig itself (e.g. Fuller et al., 1960; Henderickx et al., 1980; Radecki et al., 1992; Jensen, 1998; Corpet,
2000; Jensen, 2016; see also Section 3.6.1). This is further supported by the results of Shurson et al.
(1990) who showed that high copper (total 283 mg copper/kg feed) tends to increase daily weight
gain and to improve feed:gain ratio and villus height/crypt depth ratio in conventional piglets but
showed the opposite effects in germ-free piglets. Other authors claim that the growth-promoting effect
of copper in piglets might be a systemic effect rather than an antimicrobial effect in the intestinal tract
(Zhou et al., 1994a). Carlson et al. (2007) reported that the addition of 175 ppm copper to piglet diets
resulted in increased plasma zinc level irrespective of the dietary zinc level (100 or 2,500 ppm)
indicating that copper fed above the requirement improved zinc status due to the interactions between
zinc and copper (see Section 3.4.2). Studies conducted over the last two decades suggest that the
growth-promoting effect of copper may be ascribed to an up-regulating effect of copper on appetite
resulting in an increased feed intake. These results support the idea of a systemic effect as proposed
by Zhou et al. (1994a). First, Zhou et al. (1994b) found an increase in pituitary growth hormone
messenger ribonucleic acid (mRNA) in piglets fed 214 compared to 15 mg Cu/kg diet. However, Zhou
et al. (1994b) emphasise that they could not exclusively relate copper to the increase in growth
hormone gene expression as the production of growth hormone is influenced by many other factors.
Recent Chinese studies pursued the suggested possible appetite-regulating effect of copper, and

www.efsa.europa.eu/efsajournal 30 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Li et al. (2008) found an increase in neuropeptide Y (NPY) concentration and NPY mRNA expression
level in the hypothalamus of pigs fed 125 and 250 compared to 10 mg Cu/kg diet. They concluded
that high dietary copper appears to stimulate appetite by enhancing NPY concentration and NPY mRNA
expression but, later, Yang et al. (2010) found that, despite an increase in the levels of mRNA
expressing growth hormone-releasing hormone of the hypothalamus in pigs fed 125 compared to
5 mg Cu/kg diet, the feed intake was not affected by copper supply of pigs. Zhu et al. (2011) reported
that pigs fed diets supplemented with 125 or 250 mg Cu/kg diet (as sulphate) had similar feed intake
and performance which was higher than in pigs fed 10 mg Cu/kg diet. At the same time, Zhu et al.
(2011) also evaluated the effect of copper supplementation on the expression of some hypothalamic
appetite-regulating genes, but observed no significant changes in the mRNA expression due to high
dietary copper supplementation; thus, Zhu et al. (2011) concluded that the source of the stimulatory
drive increasing feed intake in piglets consuming high copper-supplemented diets needs further
investigation.

The growth-promoting effect of copper is generally ascribed to young pigs, whereas no effects are
seen in older pigs (European Commission, 2003; NRC, 2012). This is in line with the review of Heo
et al. (2013) unfolding the marked changes in gastrointestinal physiology, microbiology and
immunology imposed on pigs at weaning. The growth-promoting effect of copper may be affected by
the diet composition and dietary concentrations of, for example, zinc and iron that may contribute to
the variance in obtained effects of copper as growth promoter (Suttle, 2010; Section 3.4.2).

Hill et al. (2000) compared the effects of 250 mg copper (high copper, as sulphate) and 3,000 mg
zinc (high zinc, as oxide) alone or in combination in weanling pig diets in 12 different study locations.
They reported that growth and feed:gain increased in piglets fed either high copper or high zinc
compared to piglets fed copper and zinc according to requirements, but they found no additive or
synergistic effects of feeding the combination of high copper and high zinc to young pigs. Faecal
consistency and colour were firmer and darker when piglets were fed either high copper or high zinc
but the authors pointed out that the ‘reason and relevance of the faecal consistency changes are
unknown” as no concurrent effect on the incidence of diarrhoea was observed. The authors concluded
that high zinc addition~(3,000 mg Zn/kg diet) could be beneficial to pig producers, whereas they
recommended discontinuingthe tradition of adding high copper doses (assulphate) to high zinc diets.

Recently, a Dutch/tfial /studied/the effect! of| graded, Iévels (of copper by adding 15, 80, 120 and
160 mg copper/kg.dietin‘piglets 6f more than"12 weeks"(Bikker €t al., 2015,"2016). The trial aimed to
study the effect of dietary-eopper level above the recommended dietary level (12 mg Cu/kg diet) fed
together with 45 mg zinc (as sulphate) on performance and faecal consistency, and found that the
highest performance and the lowest percentage of growing pigs with soft faeces was observed when
the 160 mg copper/kg diet was supplied for the entire experimental period (until 56 days after
weaning). Furthermore, any reduction in level below 160 mg Cu/kg diet or duration of highest copper
supplementation resulted in a small but not significant reduction in performance and faecal
consistency. Although the faecal consistency was affected by copper level (less soft in pigs fed the high
copper level), Bikker et al. (2015) reported no effects of the dietary copper level (addition of 15, 80,
120 and 160 mg copper/kg diet) on the number of required medical treatments. Thus, Bikker et al.
(2015, 2016) did not detect a correlation between faecal consistency and number of medical
treatments. This is in line with Hill et al. (2000) who reported a firmer consistency and a darker
coloured faeces in piglets fed copper above requirements (250 mg Cu as copper sulphate/kg diet) but
pointed out that the relevance of the faecal consistency changes is unknown. Furthermore, Bikker
et al. (2015) did not detect any clear effect of dietary copper level on mortality, although the
difference in mortality between treatment groups was significant (p = 0.04). These findings agree with
Hill et al. (2000) reporting no difference in diarrhoea in pigs fed 250 mg Cu/kg alone or in combination
with 3,000 mg Zn/kg diet in weanling pigs, although they saw differences in faecal consistency and
colour.

In conclusion, dietary copper levels above requirements promote growth in piglets but the effects
seem not to be related to faecal consistency. No additive effects on pig performance of high copper
fed to pigs receiving high dietary zinc are evident but ‘growth-promoting’ levels of copper may improve
the zinc status in pigs.

Rabbits

Several authors have reported that supplementation with 100-400 mg Cu/kg diet improves growth
performance in rabbits (Bassuny, 1991; Ayyat et al., 1995; Abo El-Ezz et al., 1996; Onifade and Abu,
1998; Aboul-Ela et al., 2000; Skrivanova et al., 2001). The beneficial effects are more noticeable in
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young animals under poor sanitation status and in the presence of digestive diseases such as enteritis
and enterotoxaemia (Patton et al., 1982). There are, however, conflicting reports. For example, King
(1975) and Harris et al. (1984) did not find any benefit for the rabbit with copper supplementation of
175 and 100/200 mg Cu/kg diet, respectively — copper background in diet not given. Fekete et al.
(1988) observed an improvement in the growth of rabbits fed a high-protein diet (180 g crude protein
(CP)/kg) when 100 mg Cu/kg was added to the diet (11 mg Cu/kg background), but no effects were
observed in the low-protein group (140 g CP/kg, background 9 mg Cu/kg). Aboul-Ela et al. (2000) fed
weaned rabbits (4 weeks of age) for 2 weeks two basal diets (high fibre/low energy, low fibre/high
energy) with and without 250 mg supplemental Cu (from copper sulphate)/kg feed (background not
given). Supplemental copper improved performance significantly only in the high fibre/low energy
group.

It is concluded that a potential effect of high dietary copper in rabbits may occur; however, the
conditions (feeding/sanitary) favouring the effects are not fully understood.

3.2.4.2. Lipid metabolism
Poultry

Dietary copper has a certain impact on fat saturation of tissues and products in poultry, however
less consistent than in other species (for a review, see Leeson, 2009). Moderately high levels of dietary
copper (approximately 250 mg Cu/kg diet) have been reported to reduce cholesterol levels in eggs
and meat products, although these effects are sometimes but not consistently associated with loss of
performance. Copper supplementation at concentrations between 125 and 200 mg Cu/kg diet seems
to have a somewhat consistent effect on reducing egg cholesterol content, although the quantitative
effect is quite variable (7-25%) depending on the study; it has been postulated that it might be
related to the assay procedures and resultant variability in baseline levels of cholesterol found in
normal eggs (Ankari et al., 1998; Pesti and Bakalli, 1998; Balevi and Coskun, 2004; Lien et al., 2004;
Lim et al., 2006). In a more recent study (Pekel and Alp, 2011), no effects on laying performance and
on egg cholesterol were;found when hen diets were supplemented with 250 mg Cu from cupric
sulphate, copper pfoteinateorcopper lysine, compared to the,control,

Comparable reductiohstas to those abeve described) have, been obseryed iny ghelesterol and serum
lipid profile of tissuéswand yargans of birds. Bakalli/and ‘Pesti(1995)\recorded ,a»12% reduction in
plasma cholesteroNang“a"20% reduction in breast muscle of broilers fed a 250 mg Cu/kg diet.
Konjufca et al. (1997) showed that feeding a 180 mg Cu/kg diet resulted in a 25% decrease in
cholesterol concentration in liver, breast and thigh muscle of broilers and concluded that lower dietary
levels of copper cause hypercholesterolaemia by elevating the levels of hepatic GSH-Px. Likewise,
Bakalli and Pesti (1995) correlate reduced cholesterol levels with reduced GSH and also reduced CoA
reductase. More recently, Samanta et al. (2011b) reported significantly reduced levels of cholesterol
and triglycerides in plasma and of cholesterol in meat when broilers were fed (42 days) up to 250 mg
Cu/kg feed originating from cupric sulphate, while maintaining improved growth performance
compared to the negative control (10 mg Cu/kg feed). Jegede et al. (2011) found that copper
proteinate was significantly more effective in promoting growth and reducing plasma cholesterol than
cupric sulphate when broilers were fed for 56 days up to 150 mg Cu/kg feed compared to the
negative control (35 mg Cu/kg feed).

The cholesterol-reducing effect of high dietary copper in poultry could be an interesting issue for
human nutrition. When evaluating this effect, it should also be considered that lower cholesterol would
be correlated with higher copper in poultry tissues (particularly liver), and that the currently authorised
maximum copper content for poultry feed in the EU (25 mg/kg; see Table 1) would prevent a practical
use.

Pigs

A study from the early 1970s also demonstrated an effect of dietary copper on the biosynthetic
pathway of deposited triglyceride in pigs but the mode of action of copper on lipid metabolism in pigs
remains unclear (Amer and Elliot, 1973). The authors found no effect on the performance of pigs fed
250 mg Cu/kg which increased the proportion of unsaturated fatty acids (UFA) and peroxide value
(PV) of the backfat when slaughtered at 23, 46, 69 and 92 kg, compared to the control.
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Later studies showed that, despite copper being known to promote oxidation reactions in vitro, no
detrimental effects on the antioxidative and oxidative status of pig!® were detected in pigs fed 154
compared to the 15 mg Cu/kg diet from 25 to 100 kg bw (Lauridsen et al., 1999).

Fry et al. (2012) reported an increased duodenal lipid peroxidation and hepatic oxidative stress
in weaning piglets fed 250 mg Cu/kg from either cupric sulphate or TBCC, compared to the control
(7 mg Cu/kg feed); TBCC tended to cause less oxidative stress in the intestine than cupric
sulphate.

In conclusion, the reviewed studies with partially contradictory results do not provide any practical
impact with concern to human nutrition. Moreover, the doses used are near to the highest tolerated
concentration and its use in pig feeding is not allowed following EU legislation (piglets up to 12 weeks,
170 mg Cu/kg and other pigs 25 mg/kg; see Table 1).

Ruminants

A special area of interest is represented by experiments evaluating the effect of copper
supplementation on the lipid metabolism of cattle. Copper supplementation (20-40 mg Cu/kg DM) to
high-concentrate finishing diets can decrease subcutaneous adipose tissue deposition and cholesterol
concentration, and can increase UFA in beef (see review of Engle, 2011). The mechanism by which
copper affects the profile of FA is not clear but it includes effects on biohydrogenation, esterification
and mobilisation of triglycerides. Copper has a high potential for reduction and, in the rumen, it can
act on reduction reactions, interfering with the microbial biohydrogenation of UFA (Netto et al., 2014).
The hypothesis for the decrease of cholesterol assumes that high supplementation of copper indirectly
regulates cholesterol biosynthesis by decreasing reduced GSH and increasing its oxidised form,
glutathione disulfide (GSSG). The increased concentration of GSSG has shown an indirect relationship
with the enzyme 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) activity (Netto et al., 2014). The
above-mentioned changes in lipid metabolism by copper supplementation (20-40 mg/kg DM) are
published mainly by one research group (Engle and Spears, 2000b; Engle et al., 2000a,b,c); some
recent studies in bulls_found a decrease in cholesterol and an increase in the proportion of UFA in
meat after supplementation~of copper (30-40 mg/kg DM, background 4.7-7) (Correa et al., 2012,
2014; Fagari-Nobijari et7al,, »2013). On the other handjthese |effects ‘Were not confirmed in Simmental
steers (10 or 40 mg»Cd/kgDM, background 5.1) (Engle @nd Spears, [2001), snffeedlot Brangus bulls
(40 mg Cu/kg DM, backgrouhd 5.8) (Netto et al., 2014) afd" in“beef heifers'(16"8 and 98 mg Cu/kg
DM complete diet) (Alvarade=Gilis et al., 2014).

The effect of copper on the composition of dairy cows’ milk has been less studied and the changes
in lipid metabolism are scarce. Increasing the dietary concentration of copper sulphate (40 mg/kg DM,
background 8.9) was associated with a decrease in milk polyunsaturated fatty acids (PUFA) and
monounsaturated fatty acids (MUFA) (trans-C18:1 and conjugated C18:2) concentrations in the study
of Engle et al. (2001), although the effect was small. Similarly, Morales et al. (2000) found in copper-
depleted cows increased C4:0, trans-C18:1 and conjugated C18:2, and decreased C16:1 in milk. In the
study of Sinclair et al. (2013), milk PUFA content was unaffected by the dietary copper source (10 mg
Cu/kg DM as copper sulphate or chelate; background copper 6.8 mg/kg) despite the decrease in milk
C18:3 observed in cows when fed organic copper and that the inclusion of antagonists (sulfur,
molybdenum) decreased C17:0 and C18:0 milk concentrations.

The effect of copper supplementation on lipid metabolism has been less studied in other ruminant
species as compared to bovines. Cheng et al. (2010) analysed the effect of copper supplementation
(10 or 20 mg Cu/kg DM; background copper 6.7 mg/kg) on hormones and enzymes which affect lipid
metabolism in sheep; the reduction of backfat thickness may be due to reducing synthesis of adipose
tissue and increasing lipolysis of adipose tissue. Senthilkumar et al. (2008) predicted 16 mg Cu/kg DM
as the optimum copper concentration required in the diet for higher humoral immune response in
Nellore Brown lambs on the basis of the results of their experiment with the supplementation of 7 or
14 mg Cu/kg to a basal diet (7.4 mg Cu/kg). Copper supplementation of feed of 1.5-year-old goats
(supplement: 19 mg Cu/kg DM; background: 4.7) had an effect on lipid metabolism (decreased plasma
cholesterol) (Zhang et al.,, 2012). Huang et al. (2013, 2014) found, in their studies with Jianyang
Big-ear goat kids fed diets supplemented with 0, 20, 40, 80, 160, 320 and 640 mg Cu/kg DM

10 End points measured: blood and liver concentrations of antioxidants (a-tocopherol, ascorbic acid, vitamin A, superoxide
dismutase, glutathione peroxidase), prooxidants (Cu), concentrations of lipids (triglycerides and cholesterol), fatty acid
composition, thiobarbituric acid-reactive substances (TBARS), and clinical chemical (creatine kinase and glutamate-
oxaloacetatetransaminase) and haematological variables that indicate the level of oxidative stress.
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(background copper 14.3 mg/kg), that dietary copper did not influence serum lipid profile, whereas it
increased backfat depth, intramuscular fat and percentage of PUFA in M. longissimus dorsi but
decreased longissimus muscle area; the findings on meat quality (colour reflectance spectroscopy,
shear force) were ambiguous.

In conclusion, there might be some effects of increased dietary copper on lipid metabolism in
ruminants; however, the results are inconsistent. Interactions between copper and lipid metabolism in
ruminants are complex and poorly understood.

3.3. Copper in feedingstuffs

Data on copper in feedingstuffs are reviewed below in a condensed form. Details are shown in
Annex B (Tables B.1, B.2, B.3 and B.4) for the copper content of feed materials as well as in Annex C
(Table C.1) on the background concentrations of copper in complete feed. Appendices C and D include
data collected from European countries concerning monitoring of copper in feed.

3.3.1. Copper in feed materials

Copper concentrations in plants and plant materials are influenced by the geological origin of soil,
namely by copper concentration in soil, soil conditions (e.g. pH, ion exchange capacity) which
influence copper uptake, fertilisation (e.g. (pig) manure), application of copper as fungicide (e.g.
viniculture) and genetic differences in plant species, part of plant, stages of maturity, etc. Due to plant
processing (milling, extraction processes, etc.) element concentration can be altered (e.g.
concentration, contamination, dilution). Copper concentrations in plant materials are in the range
1-75 mg/kg; cereals, legumes and oilseeds contains 5-35 mg/kg, oilseed meals between 5 and
60 mg/kg and forages contain between 3 and 10 mg Cu/kg DM (Annex B, Tables B.1 and B.2). These
figures are in line with recent German analyses of cereals and forages (Tables D.3 and D.4). Feed
materials of animal origin (meals of bone, meat, feathers) contain high copper levels (15-50 mg Cu/kg).
The copper concentration_in fish meal ranges from 5 to 10 mg Cu/kg, except for fish solubles, where
the concentration amounts up.to 36 mg/kg (Appendix B, Tables B.1 and B.2).

Large differences(in/copper ‘contgnt were foufd in the literature fof Sudarcane molasses: 6-9 mg/kg
(CvB, 2009), 29 mg/kg/(INRA, 2004)\and 66 mg/kg (NRC/£2000), and for distillefs-grains and solubles:
5 mg/kg (CVB, 2009),210mg/Kg (INRA, 2004) and 10-84 markg”(NRC, 2000%*The higher values
(e.g. 84 mg/kg) are-typical-of dark grains originating from whisky production in copper vessels and
stills.

The highest copper content in feed materials has been found in dried grape pomace (grape marc)
amounting to 75 mg Cu/kg (INRA, 2004; see Appendix B, Table B.2). FEEDIPEDIA (a database jointly
managed by INRA, CIRAD, AFZ and FAO),'? reports a range between 80 and 134 mg Cu/kg (91% DM)
for grape pomace and between 65 and 160 mg Cu/kg (92% DM) for grape pulp (data collected during
1976-2002). More recent data (Spanghero et al., 2009) showed values between 102 and 124 mg Cu/kg
DM for Italian grape pulp (seeds excluded), while for Californian pulp the copper content amounted
only to 23 mg/kg DM. Also, Spanish fermented grape and olive marc, used as feed material, showed a
copper range between 80 and 95 mg/kg (25% DM) (Salgado et al., 2015). Most probably this is
related to the use in Europe, for more than one century, of copper-containing fungicides in vineyards
and olive orchards. In the EU, a maximum residue limit (MRL) for grapes is set at 50 mg Cu/kg (EC
1410/2003)13,

Regarding the well-known interactions between copper-molybdenum-sulfur-iron, especially in
ruminants, it should be mentioned that the mean concentration of molybdenum in feed materials is
normally below 1 mg Mo/kg, except for oilseed meals (2-4 mg Mo/kg) and lucerne and grass
(1.5-3 mg Mo/kg), and for total mixed ration (TMR) below 1.5 mg Mo/kg DM (Van Paemel et al., 2010).
However, depending on the type of soil (e.g. peats, calcareous sands), concentrations of molybdenum
may be up to 7 mg Mo/kg in grasses and 20 mg Mo/kg in legumes (Kabada-Pendias, 2011). The iron
content in TMR ranges between 200 and 400 mg/kg (Van Paemel et al., 2010). The sulfur content in
cereals and oilseed meals ranges between 1 and 5 g/kg, whereas in roughage feeds it mostly varies

1 A more recent publication of the CVB database (2011) showed only minor differences in copper content of feed materials.

12 http://www.feedipedia.org/

13 Regulation (EC) no 396/2005 of the European Parliament and of the Council of 23 February 2005 on maximum residue levels
of pesticides in or on food and feed of plant and animal origin and amending Council Directive 91/414/EEC. OJ L 70,
16.3.2005, p. 1.
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between 1.0 and 10 g S/kg DM, of which up to 50% originates from SO42~ (Van den Top, 2005;
Kamphues et al., 2014).

3.3.2. Copper in complete feed: background levels

Background levels are defined as the trace element concentrations in the complete feedingstuffs
delivered by the feed materials. Hence, a background level simulation implies combining data of trace
element composition tables of feed materials with complete feedingstuff composition data. The copper
background levels were calculated for a list of animal species/categories complete feed formulations
(based on crude nutrient concentrations of feed materials from CVB (2007); n = 35; Annex C,
Table C.1) using the data for copper from CVB (2009) or INRA (2004) and Batal and Dale (2008).'*
Table C.1 does not include copper from trace element premixtures but includes the copper element
concentrations for mineral sources (considered as feed materials), according to the data from Batal
and Dale (2008).

Differences between the two simulated background level values for the same complete feedingstuff
formulations are mainly due to differences in copper content in the feed materials data from CVB
(2009) and INRA (2004) tables. More data are available on copper content in feed materials in the
CVB tables than in the INRA tables. In order to have the same amount of feed materials in both
simulations, for feed materials for which no copper content was available in the INRA tables, CVB
values were used to complete the data set.

From Table C.1 (Annex C), it becomes evident that, for food-producing animals and dogs/cats, the
copper background levels in complete feeds are rather low and in the range of 5 (salmon feed) to
15 (rabbit feed) mg Cu/kg feed. Higher values were noted for dairy cows mineral feed containing
about 20 mg Cu/kg feed.

3.3.3. Feed additives

Several compounds of copper are currently authorised as nutritional feed additives in the EU: cupric
acetate, monohydrate; basic cupric carbonate, monohydrate; cupric chloride, dihydrate; cupric
methionate; cupric-/oxide; Hcupric sulphate, i péntahydrate; [cupri¢ theldte of amino acid hydrate;
copperlysine sulphate,” upric |chelate 6f glycine hydrate!™>\ cdpper|chelate offhydroxy analogue of
methionine, ¢ dicopper ‘chloride trihydroxide'(TBEC)'# and copperbislysinate.*

3.3.4. Copper content in compound feed

EFSA launched a call for data throughout the EFSA's Focal Points to collect data on the official feed
control on copper monitoring. In total, data from 14 European countries’® were received, covering a
total of 9,992 feed samples; the bulk of the data refers to feed for pigs, poultry and ruminants,
followed by feed for horses, rabbits, fish, dogs and cats. The raw data were submitted to a validation

 The copper content in feed materials in CVB (2011) does not differ essentially from the data present in CVB (2009), which is

used in the current opinion. Other sources consulted, but not further considered, include Atlas Premier 2014 (UK) and the

online FEEDIPEDIA database.

The copper content of feed materials reported in Atlas Premier 2014 (UK) was not used for the following reasons: (i) less

complete database compared to CVB (2009) and INRA (2004); (ii) the origin of the data is not clear; the editors refer to INRA

tables (2002) and state that the analytical data has a UK bias; and (iii) several other weak points were noted: no data on

silages/roughages/forages and no differences were noted in copper content of e.g. oilseeds expeller vs extracted or within

animal products (meat meal vs meat and bone meal), which is not a normal phenomenon.
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procedure (see Table C.1 in Appendix C). The remaining total of 5,806 samples was submitted to
descriptive statistical analysis. The results are summarised in Table 8; for more details, see Appendix D
(Tables and Figures D.1-D.17).

Table 8: Copper in compound feed: descriptive statistics of the control data submitted by
14 European countries

mg Cu/kg complete feed

Animal Samples above

group Category® " Median  10th 90th- cAMC® (%%0)
percentile percentile

Poultry Starter chicks 63 14 10 25 7.9
Laying hens 440 15 9 23 5.9
Chicken for fattening 360 19 12 24 7.2
Ducks/geese for fattening 91 17 12 23 4.4
Turkeys for fattening 203 18 14 24 7.9

Pig Piglets 1,420 136 23 168 8.8
Pigs for fattening 2,034 18 12 26 12.9
Sows 546 20 13 29 20.1

Bovid Calves milk replacer 111 8 4 13 3.6
Fattening cattle 42 12 0.0
Dairy cow 31 13 6.5
Sheep 30 8 0.0
Goat 8 9 0.0

Horse 2 30

Rabbit 202 19 14 25 10.4

Fish 40 13 0.0

Dog 14 023 6.9

Cat 17 1.9

(a): Where applicable, %&w ‘ouping
‘Laying hens’: Includes the data’labelled as feed for Laying hens, Layer Phase I and Layer Phase II.
‘Chickens for fattening”: Includes the data labelled as feed for Chickens for fattening, Broiler starter, Grower and Finisher.
‘Turkeys': Includes the data labelled as feed for Turkeys for fattening, Starter, Grower and Finisher.
‘Piglets”: Includes the data labelled as feed for Piglets weaned, Piglets starter I and Piglets starter II.
*Pigs for fattening”: Includes the data labelled as feed for Pigs for fattening, Pig grower and Pig finisher.
‘Sows": Includes the data labelled as feed for Breeding pigs, Sows, Sows gestating and Sows lactating.
‘Rabbit”: Includes the data labelled as feed for Rabbit, Rabbit breeder and Rabbit grower/finisher.
(b): CAMC: currently authorised total maximum content of copper in complete feed.

The FEEDAP Panel notices that the information provided by Table 8 may be limited as only 14 MS
submitted data. However, the data show that, with the exception of complete feed for pigs for
fattening and sows, the 90th percentile of dietary copper concentration is below the CAMC. The 90th
of copper levels on feed for fattening pigs and sows is marginally above the CAMC, about 13% and
20% of all samples exceeded the CAMC.

Data for salmonid fish feed provided by the Norwegian Seafood Safety Authority Annual monitoring
programme (Appendix D, Table D.18) showed a rather constant mean copper content of feed at about
10 mg/kg. The range over the years shows minimum and maximum levels between 2.5 and 65 mg
Cu/kg, respectively.

3.4. Copper bioavailability and interactions/incompatibilities

3.4.1. Copper bioavailability in feed materials and additives

Until recently, the main focus was on the bioavailability of inorganic sources of copper. Cupric
sulphate is often used as a standard, although cupric chloride, TBCC, cupric oxide, cupric carbonate
and cupric acetate have also been extensively tested and are available commercially. However, over
the last few years two other issues have refuelled interest in copper source and bioavailability. Firstly,
the interest raised in organic sources of copper, which are chelated with amino acids, peptides or
proteins. Secondly, and the most recent area of interest, is the consideration of the availability of trace

www.efsa.europa.eu/efsajournal 36 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

elements, such as copper, naturally present in feed materials. By tradition, requirements for copper
and other trace elements are met entirely by supplements without taking into account the background
levels. This recent interest stems from attempts at minimising the nutrient supply of copper and other
minerals as a means of reducing excreta levels and so aiding environmental initiatives. While it is easy
to measure total levels of copper in major ingredients, ascertaining bioavailability is a complex
procedure (Leeson, 2009).

Copper absorption/availability of feedstuffs depends on the origin and may be affected by the
presence of phytate, as well as phytase, in cereals and oilseeds but the magnitude of this in
combination with the presence of other minerals and trace elements is not fully understood.

3.4.1.1. Poultry

A typical starter diet for chicken for fattening provides around 150% of the requirement for copper
relative to NRC (1994) recommendations. The proportion that is available to the bird is predictable,
although values can be quite variable. Such variation may well be impacted by agronomic conditions
for cereals and vegetable proteins, and by prior nutritional status and processing conditions for animal
proteins. As for any nutrient, bioavailability will be affected by parameters used in estimation, which
for copper seem to range from simple production characteristics throughout to liver and bile
accumulation indices.

Aw-Yong et al. (1983) suggested bioavailability values for copper in wheat, maize and barley to be
around 80%. Using a bile accumulation index, Aoyagi et al. (1993) showed much lower levels of the
relative copper availability in vegetable proteins; values being around 40% in soybean meal, cotton
seed meal and groundnut meal and closer to 50% in corn gluten meal; these lower levels may be due
to greater binding of copper with phytate. In a subsequent study, Aoyagi and Baker (1995) suggested
that copper in soybean meal was only 40% as available (also using a bile accumulation index) as
copper in cupric sulphate and that adding phytase to test diets decreased, rather than increased,
copper availability. These authors ascribed the negative effect of phytase to the concomitant release of
zinc, which negatively impacted copper uptake. More recently, Jongbloed and Thissen (2010) published
a meta-analysis on,quantification of the effect of microbial phytase on the bioavailability of copper and
zinc in growing pigs/and-broiters; they concluded thatalthough thé éffect of microbial phytase on the
digestibility of copperiwas/significantly positive in broilersf(incréase in copper/digestibility from 0% to
20%), no reduction of_the.addition of*copper ould be adviséd using“microbial phytase in broiler diets,
mainly owing to the“low_number of experiments (n = 3). Copper in animal proteins seems to be even
more variable in bioavailability. It is well known that copper in pig liver is totally unavailable for poultry.
Aoyagi et al. (1995) found that disrupting the protein structure in porcine liver increased bioavailability,
with values of 32%, 46% and 63% seen after autoclaving, acid hydrolysis or protease digestion,
respectively. In testing other animal proteins, Aoyagi et al. (1995) showed zero bioavailability in
feather meal and only 4% in meat and bone meal manufactured from ruminants. The bioavailability of
copper from pork meal and poultry by-product meal was 50% and 40%, respectively.

There has been a wealth of information published on bioavailability of inorganic sources and more
recently of organic sources of copper, usually by comparison with cupric sulphate, using a range of
assessment parameters (Jongbloed et al., 2002). Considering chick weight as well as liver copper
levels and haemoglobin status, McNaughton et al. (1974) suggested that both cuprous oxide and
cuprous iodide were 60% as bioavailable as sulphate. Pesti and Bakalli (1996) and Ewing et al. (1998)
suggested copper citrate to be more efficacious than copper sulphate. Ledoux et al. (1991) established
the relative bioavailability of cupric oxide, cupric carbonate and cupric sulphate, using supplementation
levels of 150, 300 and 450 mg Cu/kg feed, based on copper levels in liver and setting cupric acetate at
100; the relative biological availability was estimated to be 88.5%, 54.3% and 0% for the sulphate,
carbonate and oxide, respectively. Using copper acetate as a standard, Zanetti et al. (1991) found
carbonate salt to be only 66% as available (measured as liver copper concentration). Feeding graded
levels up to 390 mg Cu/mg diet, Liu et al. (2005) suggested TBCC to have a relative value of 134%
compared to cupric sulphate, taking egg weight as the main criteria. Miles et al. (1998) proposed a
value of 112% (based on liver copper deposition) for TBCC relative to sulphate. Also in terms of liver
copper accumulation, TBCC was 109% as efficacious as sulphate (Luo et al., 2005); these authors also
suggested that TBCC was less destructive to vitamins in both the feed and within the bird: liver and
plasma vitamin E levels were higher in birds fed TBCC vs sulphate using a diet initially containing
36 IU/kg. Interestingly after storing feed for 21 days there was 16% loss of potency of tocopherol
when TBCC was used, compared to 40% loss in the feed containing copper sulphate. TBCC and cupric
sulphate (220 and 180 mg Cu/kg feed, respectively) equally improved carcass weight of chickens for
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fattening after 45 days of feeding, compared to the negative control (30 mg Cu/kg feed) (Arias and
Koutsos, 2006).

Recently, research interest has been focused on testing the efficacy of organic copper additives,
including copper chelates with amino acids or proteins. It is often claimed that these chelates are
preferentially absorbed and metabolised, and provide less chance for antagonism of copper with other
minerals or substrates (Leeson and Summers, 2005); this latter assumption is obviously predicated on
these copper sources remaining chelated until the site of digestion and absorption. Baker et al. (1991)
ascribed a value of 115% to availability of copper from a copper-lysine complex compared to cupric
sulphate, although the basal diet used in this study had an uncharacteristically high level of copper
(290 mg Cu/kg diet). It is also claimed that organic copper sources are more effective than cupric
sulphate in decreasing plasma cholesterol in broilers (Mondal et al., 2007b). Miles et al. (2003) found a
copper amino acid chelate to be slightly less efficacious than cupric sulphate. Guo et al. (2001)
investigated the solubility of different copper compounds in various solutions for their ability to predict
copper availability in poultry measured as liver copper deposition; the authors found that solubility at
pH 2 was the best predictor. This chicken study showed a somewhat better bioavailability of Cu-Lys
and copper amino acid chelate, compared to copper sulphate.

There have been reports of very low levels of organic minerals being adequate for poultry, with a
view to reducing mineral excreta output. Nollet et al. (2007) showed that broilers fed very low levels
of all trace minerals in the form of proteinates performed as well as birds fed conventional levels as
inorganic salts. Likewise, Bao et al. (2007) suggest that 4 mg copper (as cupric chelate of amino acid
hydrate)/kg diet (and 40 mg/kg each of iron, manganese and zinc) is adequate for birds. In such
studies it is important to realise that all minerals are at low levels so as not to induce antagonisms.
Feeding low levels of copper in combination with regular levels of other trace minerals, and especially
zinc, will likely result in a greater chance of inducing copper deficiency. More recently, Jegede et al.
(2011) reported significant higher daily weight gain in broilers fed copper proteinate compared to
cupric sulphate supplemented at 50-150 mg Cu/kg feed for 56 days (background 35 mg Cu/kg feed).

It can be concluded that copper in plant- and animal-derived feed materials has a relative
bioavailability of less.than?50%. Compared to cupric sulphate as the reference standard copper source,
cupric carbonate,/ cipricoxide and) cuprous'iodide seem to have allower relative bioavailability in
poultry, whereas TBCC/ cuprous oXide and organic copper sources)are, at Ieast,(as-available as cupric
sulphate. Effects 'of.\phytase"addition" are ‘rarely examined”in poultry“and the féw results that are
available show rather-a small’and inconsistent impact on copper absorption.

3.4.1.2. Pigs

Apparent total tract digestibility (ATTD) of copper in a maize/soybean meal compound feed
(4.2-5 mg Cu/kg) for pigs ranged between 7.6% and 15.9% (Adeola, 1995) and between 31.8%
and 55.4% (Liu et al., 2014a). Supplementation of 10-35 mg Cu/kg diet (from copper sulphate) to
a maize/soybean meal diet resulted in an ATTD of copper that ranged between 11.9% and 24.2%
(Apgar and Kornegay, 1996; Wang et al., 2005; Zacharias et al., 2007).

The antinutritional effects of phytic acid in animal nutrition are well known (Pallauf and Rimbach,
1997), and the presence of phytate in cereal grains and oilseeds may depress the availability of copper
and other trace elements in monogastric animals and humans (Morris and Ellis, 1989). Phytate is
negatively charged and may bind positively charged ions such as Ca(II), Zn(II) and Cu(II) rendering
the minerals less available. As such, phytic acid has been shown to reduce the apparent mineral and
trace element digestibility in pigs and poultry as recently reviewed by Woyengo and Nyachoti (2013),
although most studies on phytic acid/phytase are carried out with pigs. Inconsistent results were found
by Adeola (1995) regarding the effect of phytase addition to pig diets on copper digestion: with diets,
not supplemented with copper (background 5 mg Cu/kg diet) there was a small increase in the ATTD
of copper (from 7.6% to 15.9%), while with diets supplemented with 60 or 120 mg Cu/kg diet, no
increase in ATTD of copper was noted due to phytase addition. Kies et al. (2006) noted a small change
in ATTD of copper of diets containing 113 mg Cu/kg when phytase was added (from —5.8% to 6.0%).
Madrid et al. (2013) reported a change in ATTD of copper (from —0.8% to 34.3%) when phytase was
added to a diet containing 18.5 mg Cu/kg, while copper concentration in liver and muscle was not
affected. A recent meta-analysis on the effect of phytase on phytate hydrolysis and mineral availability
in pigs showed effects of microbial phytase addition on the digestibility of zinc but not of copper
(Bikker et al., 2012a). Consequently, no consistent effect of microbial phytase on copper status
(serum, liver) of pigs could be detected when phytase was added to copper-supplemented as well as
copper-unsupplemented diets (Bikker et al., 2012b). This inconsistency on reported effects of microbial
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phytase on copper may be due to antagonistic interactions with e.g. zinc as reported in chicken
(Aoyagi and Baker, 1995). No data are available on the effects of endogenous phytase present in some
non-heat-treated cereals and feedstuffs.

The bioavailability of copper may differ among different copper salts, and for many years has
generally been accepted that the bioavailability of copper is superior in cupric sulphate compared to
cupric sulfide and cupric oxide (Cromwell et al., 1998; NRC, 2012). As such, cupric sulphate has been
widely used as a source of extra copper. Although Baker (1999) stated that cupric oxide
(bioavailability = 0 compared to cupric sulphate = 100) should not be used as copper supplement in
animal nutrition, large variation in bioavailability has been reported for this copper source. Bunch et al.
(1961) did not find any difference in growth performance of piglets receiving 250 mg Cu/kg from
cupric sulphate or cupric oxide whereas, in the trials of Cromwell et al. (1989), cupric oxide in contrast
to cupric sulphate totally failed to influence performance or copper contents in the liver at dietary
supplementations between 125 and 500 mg Cu/kg feed. Corresponding differences were obtained in
experiments with sows fed either cupric sulphate or cupric oxide (see Section 3.2.3). Differences in
manufacturing processes of the copper salts seem to be the cause as the use of an ammoniacal leach
process results in a highly soluble form of copper, while a process using surface heating and milling of
metallic copper yields rather insoluble forms. More recently, it became clear that the bioavailability of
copper from cuprous oxide (Cu,O) does not essentially differ from that of cupric sulphate (Baker,
1999; Leeson, 2009).

The availability of copper from organic chelates (e.g. Cu-Lys, Cu-Met) and other complexes of
copper (e.g. TBCC) has been shown to be comparable to copper sulphate (e.g. Apgar et al., 1995;
Apgar and Kornegay, 1996; Jongbloed et al., 2002; Shelton et al., 2011; NRC, 2012) although the
growth-promoting effect seems to be greater in pigs fed the organic complexed substance compared
to cupric sulphate (Coffey et al., 1994; Zhou et al., 1994a; Jondreville et al., 2002; NRC, 2012).

In conclusion, the apparent absorption of intrinsic copper in maize/soybean meal diets ranges
between 10% and 50%. Adding cupric sulphate decreased these values to 10-25%. No consistent
positive effects of adding phytase on copper absorption/bioavailability could be derived from the
literature. The biogvailability ef cupric carbonate and cupric oxide is very variable and depends on the
manufacturing pracess/TBCC; ‘cuprdus oxide and organic chelates of ‘cOpper showed in pigs essentially
an equal availability {as Cuprig sulphate.

3.4.1.3. Other monogasttic species

Apart from pig and poultry, copper availability from feed materials and additives has been scarcely
studied in other monogastric species. In general, it is assumed that organic forms are more
bioavailable compared to inorganic (copper sulphate being the reference). In horses, the apparent
copper absorption and retention (as a percentage of intake) were greater for animals receiving Cu-Lys
chelate compared to those fed the inorganic copper sulphate (Wagner et al., 2011). Similarly,
significantly higher blood copper concentrations were found in mares receiving copper in an organic
(copper proteinate) compared with an inorganic (copper sulphate) form (Jancikova et al., 2012). In
dogs, it was observed that copper in chelated forms is more readily available to bitches compared with
the inorganic forms (Kuhiman and Rompala, 1988). On the contrary, Cavalcante et al. (2002) did not
find any difference in copper bioavailability (hepatic copper deposition) between organic and inorganic
sources of copper (oxide, sulphate, carbonate and a chelate) in rabbits.

Although cupric oxide is available in ruminants (see Ruminants in next paragraph), it has a low
availability in many other species (Baker and Ammerman, 1995). It was completely unavailable in cats
(Fascetti et al., 1998) and, because of its poor bioavailability, the use of cupric oxide as a nutritional
source is excluded for dogs (FEDIAF, 2012).

3.4.1.4. Ruminants

Little is known about the forms of copper in feeds, but it is assumed that copper absorption from
different feeds is determined by the synchronicity of the release of copper and its potential antagonists
(mainly sulfur, molybdenum, iron) in the rumen. Fresh grass is a poor copper source whereas
brassicas, cereals and certain cereals by-products are good sources of copper for sheep (Suttle, 2010).
The absorbability of copper in natural foodstuffs of low molybdenum content (< 2 mg/kg DM) in
Scottish ewes was estimated in the range of 1.4-12.8% (grazed herbage — July 2.5 + 1.1%; grazed
herbage — September/October 1.4 4 0.9%; silage 4.9 & 3.2%; hay 7.3 £ 1.8%; cereals 9.1 4 1.0%;
leafy brassicas 12.8 + 3.2%) (Suttle, 2010). Van den Top (2005) calculated true copper absorption
from examples of ruminant rations based on molybdenum and sulfur concentrations in the Netherlands:
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dry cow 3.9%, lactating cow 5.8%, dry sheep/goats 5.4%, lactating goat 7.4% and growing lambs
3.6%.

The bioavailability of copper from different sources is influenced by their solubility in the
gastrointestinal apparatus and mainly in the rumen. Trace mineral solubility can greatly affect the total
concentration that is available for rumen microbes because only soluble minerals are available for use
or interactions. Copper sulphate is the standard source to which other copper sources are compared.
Copper oxide is relatively insoluble even under acidic conditions, and in the form of powder passes
through the acidic environment in the abomasum before it is solubilised (Spears, 2003). The TBCC
(Cu,0HsCl) is less soluble in the rumen than copper sulphate, although both forms have similar
solubility in the abomasum, suggesting that this mineral from both forms should be available for
absorption in the intestine, but chloride forms lower amounts of complexes with sulfur and
molybdenum in the rumen (Genther and Hansen, 2015). TBCC chloride and copper sulphate had
similar bioavailability in beef cattle and heifers fed corn- and molasses-based supplements (Arthington
et al., 2003; Arthington and Spears, 2007), but was more available (based on liver copper 196%)
when supplemented to diets high in molybdenum and sulfur (Spears et al., 2004). Copper carbonate
had lower solubility in water but under acidic conditions was soluble (74%); however, it did not
increase copper in the liver in comparison with copper sulphate even in the diet high in S and Mo
(Ward et al., 1996). Ledoux et al. (1995) estimated the following relative copper bioavailability of
inorganic copper compounds in sheep: chloride 100%, acetate 93%, sulphate 142%, carbonate 121%
and oxide 35%.

Several organic forms of copper have been tested: copper proteinate, copper lysine, copper glycine,
copper methionine or some other copper chelates. Considerable variation was described between
different copper sources with respect to their bioavailability. In some studies the efficiency of absorption
of copper proteinates exceeded that of cupric sulphate; however, in most studies copper proteinates
have nearly the same efficiency of absorption as copper sulphate. Higher bioavailability of organic
copper compounds (glycinate, proteinate, chelate) was not mostly found when the diet did not contain
antagonists (Du et al., 1996; Ward et al., 1996; Engle and Spears, 2000a; Cheng et al., 2008; Sinclair
et al.,, 2013). Neverthelgss; some authors found higher bioavailability of Cu-Met also when the diet
without antagonists Was fed\(Sanjivani et al., 2014). Pal et al. [(2010) found in ewes a gut absorption of
copper sulphate of .21:9% and. of copper methionine of-33.1%; the bicavailability Was  100% and 141%,
respectively, based” on-liver .copper. Jongbloed ‘et al. (2002) reviewed the relativeé” copper compound
bioavailability for rumidants-on the basis of copper liver concentration: copper sulphate 100%, copper
carbonate 93%, copper oxide 76%, Cu-Met 91% and Cu-Lys 104%. However, Pott et al. (1994)
reported a relative copper bioavailability of Cu-Lys for lambs of 68% compared with copper sulphate.

It is assumed that higher bioavailability of organic forms is due to lower formation of unsoluble
complexes (thiomolybdates). The solubility of copper proteinate and copper chelate in water was 75%
and 10% and in acidic environment 99% and 87%, respectively (Ward et al., 1996). The different
solubility of organic compounds could explain some differences in the experimental results. Higher
bioavailability in comparison with copper sulphate was found when feeding diets with high
molybdenum (6.0-6.9 mg/kg DM) and sulfur (2.3-3.9 g/kg) in copper chelate (Ward et al., 1996) and
copper glycinate (Hansen et al., 2008); however, another experiment with high molybdenum (8.9 mg/kg)
and sulfur (3.5 g/kg DM) showed similar bioavailability like copper sulphate in copper proteinate
(Sinclair et al., 2013). Van den Top (2005) summarised the results of bioavailability trials with different
copper sources for ruminants and concluded that the evidence is not fully in agreement. In the
presence of low molybdenum concentrations in the ration (concentration less than approximately
2 mg/kg DM) the differences in bioavailability between the different copper sources seem to be minor;
however, in the presence of higher molybdenum concentrations (+ 5-7 mg/kg DM), copper proteinate
may be more advantageous.

3.4.1.5. Fish

Read et al. (2014) investigated the effects of different dietary protein- (fishmeal vs plant-based:
soy- and corn protein concentrates) and copper sources (copper sulphate vs copper-lysine) in rainbow
trout. Fish were fed plant-based diets supplemented with copper sulphate or copper lysine at 0, 5, 10,
15 or 20 mg/kg or fishmeal-based diets supplemented with copper sulphate or copper lysine at 0, 5,
10 or 20 mg/kg for 12 weeks. Copper concentration in the diet did not affect weight gain. FCR was
significantly lower in trout fed plant-based diets supplemented with 10 or 15 mg/kg compared to other
groups, whereas there was no significant effect of copper level on FCR in fish fed fishmeal-based diets.
No differences were found in growth rates or liver copper concentrations in fish fed diets
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supplemented with either copper sulphate or copper lysine. Fish fed plant-based diets had significantly
higher weight gain, lower FCR, and higher liver copper concentrations than fish fed the fishmeal-based
diets for 12 weeks.

Prabhu et al. (2014) calculated the relative efficiency of amino acid chelates of copper compared to
copper sulphate, based on whole-body or tissue mineral retention as the criteria, and did not find
significant differences.

3.4.1.6. Crustaceans

Zhou et al. (2014) compared copper sulphate and TBCC as dietary copper sources in Pacific white
shrimp (L. vannamei). Diets were supplemented with 6, 12 and 24 mg Cu/kg either with copper
sulphate (analysed values 30.0, 30.4 and 48.4 mg Cu/kg DM) or the same levels of TBCC (analysed
values 28.3, 29.8 and 48.7 mg Cu/kg DM), and fed to shrimp for 8 weeks. There were no significant
effects of copper source or dietary concentration on final mean weight, final biomass, FCR or survival.
The source of copper had a significant effect on tissue levels, indicating a lower bioavailability of TBCC
in Pacific white shrimp.

3.4.2. Interactions with dietary constituents

Interactions involving copper may take place in several steps during the overall metabolism of
copper from the feed intake to the achievement of the active physiological function of copper in the
body of animals. However, the importance and extent of interactions — synergistic as well as
antagonistic — may depend on species, diet composition, feedstuffs, locations for crop growing (soil
conditions), seasonal factors, crop genetics, etc. (Suttle, 2010; Cano-Sancho et al., 2014). Interactions
may affect the absorption of copper (Section 3.1.2) and thus, at which dietary copper supply,
deficiency (Section 3.2.2), adequacy (Section 3.2.1) as well as toxicity (Section 3.2.3) can be seen. As
such, interactions may contribute to the variation in reported effects of copper on physiological and
growth responses described in the literature and thereby contribute to the difficulties in the
establishment of an understanding of the basic nature of copper effects.

Interactions may,/6ccurin, the , gastrointestinal tract involving other minerals or other dietary
components. Often/theAeffects of /dietaryncopper are'studied together=with zingras these metals are
known to interact\at\different, points starting in the gastrointestinal/tract.as both ‘metals can participate
in the formation of .phytate’ complexes whereby copper and/or zinc (and other cations) can be
precipitated affecting theavailability of the metals (Section 3.4). Further, copper and zinc may interact
during the processes of intestinal uptake and transfer involving MT that coats the surface of the
luminal side of the intestinal cells and binds and sequesters copper at the luminal surface
(Section 3.1.2). Therefore, zinc is a potent inhibitor of copper absorption as seen in e.g. horses
(Cymbaluk and Smart, 1993) and other monogastrics (Cousins, 1985; Davis and Mertz, 1987; Suttle,
2010). Copper and iron are also well known to interact and both metals are required for
haematopoiesis (Section 3.2.2). As such, deficient supply of one the metals results in anaemia. The
interaction between copper-sulfur-molybdenum is solely related, but very important, to ruminants and
will later described in detail in this scientific opinion.

3.4.2.1. Interactions with other trace minerals in monogastric animals

Many interactions between copper and other minerals have been detected and may be of
nutritional importance in monogastric animals (see above). Thus, specific well-defined interactions with
copper could protect against deficiency or toxicity when diets are not suitable balanced with other
nutrients as reported by Suttle, 2010 (will not be addressed further). The presence of phytate in cereal
grains and seeds may also affect the magnitude of interactions between copper and other trace
elements in monogastric animals as phytate is negatively charged and may bind positively charged
ions as Ca(II), Zn(II), Cu(ll), etc., rendering the minerals less available for absorption or interactions in
the gastrointestinal tract (Section 3.4.1).

As mentioned in the Introduction to this chapter, copper and zinc interactions are mutual and zinc
may inhibit absorption of copper and vice versa copper may inhibit zinc uptake (EFSA FEEDAP Panel,
2014). In piglets, dietary levels of e.g. 3,000 mg zinc (as oxide)/kg diet are supplied to newly weaned
piglets. As such, there might be, according to NRC (2001), a risk of detrimental interactions between
copper and zinc that may interfere with the absorption of copper. Hill et al. (2000) found in a study
with weaned piglets (6.55 kg; average 22.2 days) supplemented with 3,000 mg Zn (as ZnO)/kg diet
and 250 mg Cu (as sulphate)/kg diet, fed alone or in combination, that both minerals stimulated
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growth but the combination of zinc and copper did not result in an additive growth response. As a
result, Hill etal. (2000) suggested that the tradition of adding high copper levels should be
discontinued and that newly weaned piglets could benefit from ‘pharmacological’ zinc levels. According
to Carlson et al. (2007), interactions between zinc and copper resulted in increased plasma zinc level
when 175 compared to 20 mg Cu/kg diet was fed to weaned piglets irrespective of dietary zinc level
(100 or 2,500 mg/kg diet (as Zn0O)). This indicates that copper fed above requirements may improve
zinc status due to a synergetic effect on zinc absorption caused by the use of ‘pharmacological levels’
of dietary copper. At the same time, the increased dietary copper level (20 vs 175 mg Cu/kg diet) had
no significant effect on plasma copper concentration.

Dietary interaction between copper and selenium has been reported in Atlantic salmon, with a
positive correlation between liver copper and selenium concentration (Lorentzen et al., 1998). Dietary
selenium was also found to reduce oxidative stress associated with elevated dietary copper (20 mg/kg)
in grouper (Lin and Shiau, 2007) and in chicken (800 mg Cu/kg diet) (Suttle, 2010). Interactions
between zinc and copper were observed for gastrointestinal uptake in rainbow trout, examined
through in vitro gut sac technique (Ojo et al., 2009), where a high concentration of zinc reduced the
absorption of copper and vice versa. However, no antagonistic effects of high dietary supply of zinc on
copper or vice versa were observed in the utilisation of copper and zinc by rainbow trout from chelated
or as inorganic copper sources (Read et al., 2014).

Rambeck et al. (1991) and Rothe et al. (1994) studied the effect of high copper supplementation
to pig feed on the deposition of cadmium which was added to the feed as cadmium chloride in a
quantity of 1 mg/kg. High dietary copper (175 and 200 mg/kg feed) increased cadmium retention in
the kidney and to a lesser extent in the liver. The findings provide only weak evidence of an adverse
effect of high dietary copper, but the data need confirmation under up-to-date experimental
conditions.

In conclusion, the importance of interactions between copper and other minerals should be
recognised irrespective of whether they are synergistic or antagonistic. The nature of interaction
between, for example,_copper and zinc may be either synergistic or antagonistic depending on the
dietary supply of beth minerals. This draws attention to the importance of a balanced dietary mineral
supply (Suttle, 2010).

3.4.2.2. Interactions.with. othéer trace minerals in ruminants

Copper absorption.in ‘ruminants is low (< 1-10%) relative to values reported in non-ruminants
(Spears, 2003). In newborn calves, up to 70% of dietary copper is absorbed; however, with the
development of the rumen the absorption decreased and in adult cattle only 1-5% of dietary copper is
absorbed (NRC, 2001). The absorption of copper of mature ruminants from the digestive apparatus is
influenced mainly by the presence of antagonists such as sulfur, molybdenum and iron.

The microbial metabolism of inorganic and also organic sulfur compounds in the rumen results in
the production of sulfide. Reactions occur between sulfur and molybdenum enabling the formation of
thiomolybdates (mono-, di-, tri- and tetrathiomolybdates), which bind copper with a high affinity
(mainly tri- and tetrathiomolybdates irreversibly bind copper) and create copper thiomolybdates which
are not absorbed in the intestine, because copper associated with these compounds is insoluble. In the
absence of rumen-available copper, all thiomolybdates can be absorbed rapidly through the rumen wall
or more sedately via the small intestine, and thiomolybdates can bind to copper in biological
compounds (Gould and Kendall, 2011). Thiomolybdates were detected in plasma and it is supposed
that they increased biliary excretion of copper from liver stores and tetrathiomolybdates also
accumulate in plasma as albumin-bound trichloroacetic acid-insoluble complexes with a much slower
clearance rate than normal albumin-bound copper, which results in reduced transport of available
copper for biochemical processes (Suttle, 2010). It was shown in vitro that tetrathiomolybdate inhibits
Cu-containing oxidase enzymes (ceruloplasmin, cytochrome oxidase, superoxide dismutase, tyrosinase)
in physiologically relevant concentrations. The inactivation of ceruloplasmin does not occur by
removing copper from the compounds, but the tetrathiomolybdate binds to the ceruloplasmin through
the sulfide groups, reducing Cu(II) to Cu(I) (Gould and Kendall, 2011). There is no consensus on
whether the reaction of tetrathiomolybdates to copper compounds is irreversible or not; in this way, it
may develop clinical problems of copper deficiency, even though it is a thiomolybdate toxicity.

For practical reasons the Cu:Mo ratio (mg/kg DM) is used to predict risk of copper deficiency. The
interpretation is influenced by many factors, generally ratios < 1 indicate a high risk of copper
deficiency and ratios > 3 are considered safe. The increase in molybdenum concentration from 1 to
5 mg/kg DM decreases the true copper absorption about 1% (Van den Top, 2005). The concentration
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of molybdenum in the diet of ruminants is generally < 1.5 mg/kg DM; however, in some feed
materials, the content is relatively high (alfalfa 1.4-2.2; soybean meal 3-4; peas 3 mg Mo/kg DM)
(Van Paemel et al., 2010) and, for example, in grass the content varies from 0.9 to 5.4 mg Mo/kg DM,
depending on the type of soil (Van den Top, 2005). Taking into account these values, the ratio of
Cu:Mo in Europe is mostly > 3; however, a ratio of < 3 may be seen in small localised areas.

Independent of its role in Mo-Cu interaction, sulfur can reduce copper bioavailability also via the
formation of insoluble copper sulfide (CuS, Cu,S). In the ration, an MTL of 4 g S/kg DM is suggested
(NRC, 2001); however, a depression of copper absorption starts from 1 g S/kg DM (Suttle, 2010). The
increased amounts of sulfur from 0.12% to 0.31% or 0.46% DM decreased liver copper concentrations
(from 230 to 140 or 96 mg Cu/kg DM, respectively) in steers (Spears et al., 2014) and similarly lower
plasma copper was found (11.8 umol/L vs 16.7 umol/L) in steers feeding with 0.68% S in comparison
with 0.24% S (Pogge et al., 2014). The amount of sulfur available for interaction with copper is
influenced by the degradation of sulfur compounds by rumen microbes, the amounts of rumen
degradable protein, fermentable carbohydrates and also feeding frequency, which affects ruminal pH
(a rapid decrease in rumen pH gives higher production of sulfide). The concentration of sulfur in feeds
mostly varies from 0.5 to 2 g/kg DM; however, higher values are found, for example, in grass
(1.8-4.3 g/kg DM; Van den Top, 2005) or ethanol by-products (3-10 g/kg DM; Pogge et al., 2014).
Variable amounts of sulfur are also present in water; when reference values for sulphate and sulfide
are not exceeded, the intake of sulfur from drinking water is 8-13 g/day (Van den Top, 2005). It can
be concluded that sulfur is present in rations in sufficient quantities for interactions and can markedly
affect copper absorption.

The effect of sulfur and molybdenum varies depending on the feedstuff serving as a source of
copper: in silages, molybdenum has a small effect, but sulfur reduces copper absorption in a
logarithmic manner; in hays, the inhibitory effect of molybdenum and sulfur is relatively low; in fresh
grass copper absorption is greatly reduced by small increments in molybdenum and sulfur contents
and, similarly, both sulfur and molybdenum markedly affects copper absorption also in concentrate-
type diets (Suttle, 2010).

The other elementinvolved in Cu-S-Mo interactions, and can negatively influence copper
absorption, is iron.~“Copper-iron inteéractions are”more jpronounced when high iron and high sulfur are
present in the diet. In\the rumen, iron can reactiwith Sulfide and copper either/to produce the Fe-Cu-S
complex, which ‘teduces./the amotnts ‘of™ Copper avdilable™in" the" rumen™for reaction with
thiomolybdates, or ‘to!create iron sulfide. In the abomasum, sulfur is released from FeS to form
insoluble CuS. Thus, the action of iron on copper absorption is, to some extent, independent of
molybdenum. Besides this, ferric oxide can absorb copper and, in this way, reduces its absorption (Van
den Top, 2005; Gould and Kendall, 2011). To roughly assess the effect of iron on copper the absorption
Fe:Cu ratio can be used. Ratios > 100 indicate a high risk of copper deficiency and ratios < 50 are
considered safe.

The concentration of iron in the diet of cattle varies between 200 and 400 mg Fe/kg DM, yet the
content in individual feed materials varies considerably (lucerne 212-553; grass 149-443; wheat 57;
rapeseed 82; rapeseed meal 499-534; mineral feeds-phosphates 7,000-15,000 mg Fe/kg DM) (Van
Paemel et al., 2010) and, for example, in grass, iron content can be 110-1,400 mg Fe/kg DM
according to the type of soil (Van den Top, 2005). The iron content of the diet, including dust or rain
soil splash, can range from 50 to 4,000 mg Fe/kg DM (Van den Top, 2005). Taking into account these
values, the antagonistic effect of dietary iron on copper absorption may be of practical importance.

Suttle (2010) proposed marginal bands for copper antagonist concentrations in the diet of
ruminants to aid the diagnosis of copper responsive disorders (CRD) (Table 9). As nearer the
proportions for Cu/Mo and Fe/Cu and the copper levels approach the bold value, the higher is the risk
for CRD.

Table 9: Marginal bands for copper antagonist concentrations in the diet to aid the diagnosis of
CRD in ruminants on fresh herbage or forage-based diets (from Suttle, 2010)

Diet based on Cattle and Sheep Goats Interpretive limits
Cu/Mo Herbage 1.0-3.0 0.5-2.0 Diet S > 2 g/kg DM
Forage 0.5-2.0 0.3-1.2 Diet Mo < 8 mg/kg DM for sheep, goats

Diet Mo < 15 mg/kg DM for cattle
Fe/Cu Herbage 50-100 50-100
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Diet based on Cattle and Sheep Goats Interpretive limits
Cu Herbage 6-8 6-8 Diet Mo < 1.5 mg/kg DM
Forage 4-6 46

CRD: copper responsive disorder; Cu: copper; Mo: molybdenum; Fe: iron; S: sulfur; DM: dry matter.
Marginal bands indicate a probability of CRD that increases with proximity to the bold value.

Two studies with cattle showed an interaction between copper and manganese (Legleiter and
Spears, 2007; Hansen et al., 2009). It was suggested that excess manganese adds to the effect of
excess mucosal iron by competitive binding at the DMT1 — one of the two transporters that carry
copper across the gut mucosa — thereby inhibiting the absorption of copper (Hansen and Spears,
2008). Alternatively, it is possible that soluble manganese, like iron, can trap S, — in the rumen and
impair absorption of copper at distal sites. While cattle are not normally exposed to such high levels of
manganese as salts, they are exposed to manganese in soils.

Copper-zinc interactions, as described in the sections for monogastric animals, may also occur in
ruminants. Under practical conditions, zinc is not a major factor affecting absorption of copper unless
the diet contains at least 20-fold more zinc than what is recommended (NRC, 2001).

3.4.3. Incompatibilities of copper in feed

Fats and oils are important and relatively expensive components of animal feeds. Hydrolytic and
oxidative rancidity of feed lipid components (intrinsically present or added) is major cause of
reduction of feed quality, affecting nutritive value, taste, aroma, colour and texture, which in turn will
influence animal performance and health (Shurson et al.,, 2015). Factors that accelerate these
processes include elevated temperatures, the presence of cationic metals such as copper, the
presence of oxygen and the degree of unsaturation of the fat; Cu(Il) is an effective catalyst of free
radical formation leading to oxidation of oils and fats (for a review on the different steps in lipid
oxidation, see Kerr et-al;;2015).

Several endogenous;enzymes (lipase, lipoxidase, lipoxygenase) present in many plant seeds and
by-products are impertant/in \bregkdown;, oxidation /and sancidity jof=plant lipids. Hydrolytic lipase
activity is very impartant due to itstole in the |initiation ‘of oxidative rancidity @s"a free fatty acid is
more susceptible to oxidation/as compared to when present in a triacylglycerol configuration. Lipolysis
and subsequent rancidity-iS usually not a problem in intact grain, stored at normal temperature and
moisture levels. Dierick and Decuypere (2002) studied endogenous lipolysis in feed materials and
complete feeds, stored at different conditions for several months. The results showed a release of free
FA amounting to 50% of the total FA present in the triacylglycerols in milled feedstuffs and in
compound feeds, even after a few weeks of storage at room temperature. Native protective
compounds (e.g. tocopherols, lignans) may be lost during processing of feed materials. Specific
antioxidants (butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), TBHQ, propyl gallates,
ethoxyquin, mixed tocopherols) or chelators/sequesters (citric acid, phosphoric acid, copper in chelated
forms or covalent bounds) may be incorporated in complete feeds in order to lower potential lipid
oxidation. Deleterious effects on gut mucosal structure, immune status, performances and/or meat
quality when feeding animals with mixed feeds, containing oxidised fat, are frequently described in the
literature (Dibner et al., 1996; Engberg et al., 1996; DeRouchey et al., 2004; Liu et al., 2014b; Rosero
et al., 2015; Shurson et al., 2015).

There is plenty of literature on Cu-induced/accelerated oxidation processes in food matrices and
meat products. However, although copper is known as a very effective catalyst promoting free radicals
leading to oxidation of fats and oils also in feeds, only a few studies have specifically addressed the
oxidation potential of copper sources (from e.g. organic (chelated) vs inorganic, particle size, solubility
in water) and levels, added as trace element to complete feed, on the lipid fraction during feed
storage.

Miles et al. (1998) studied the effect of adding different copper sources (copper sulphate (coarse
and fine), TBCC) and levels (25-300 mg Cu/kg feed) to complete feed, stored at 37°C for up to
20 days, on lipid oxidation, by measuring the PV (marker for first oxidation products, e.g.
hydroperoxides) and anisidine values (AV) (marker for secondary oxidation products) in the feed. The
AV and PV values of the diets were strongly and significantly affected by time, copper source and
levels; even at the lowest copper inclusion level, these values increased significantly. At the highest
inclusion level, the PV and AV values at day 4 of storage amounted to 27.4, 270.0, 27.9 meq/kg and to 124,
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684, 116 AV values for the coarse, fine copper sulphate and TBCC, respectively. Coarse copper
sulphate and TBCC (not water soluble) promoted oxidation much less than the fine copper sulphate.
However, further work is needed to clearly clarify the effects of copper, present up to the maximum
permitted level in complete feed, on lipid oxidation during storage at normal temperatures.

Stability of vitamins (A, D3, E, riboflavin) has also been studied in the presence of copper, added in
different forms and concentrations to premixes/complete feeds (Hooge et al., 2000; Luo et al., 2005;
Lu et al., 2010; Shurson et al., 2011). For the majority of results, copper supplementation reduces the
stability of vitamins. However, the data are not informative/realistic for practical feeding as the
supplementation levels applied (125-300 mg Cu/kg feed) were well above the maximum authorised
copper levels in feeds.

3.5. Copper intake and effect on gut microbiota profile

EFSA launched a procurement procedure to outsource the data collection, based on an Extensive
Literature Search (ELS), on the potential influence of copper intake on gut microbiota profile. The
terms of reference provided comprised the review of the matter with particular consideration to
piglets; besides pigs/piglets, two other species were initially considered (chickens and cows). The full
ELS report (Jensen, 2016) was published. The results are briefly summarised below.

For piglets and pigs, 229 references were found, 28 were considered appropriate to be included in
the ELS. In total, 34 different characteristics related to the gastrointestinal microbiota were
investigated in the selected studies. The total copper concentrations after supplementation with
different copper sources (inorganic and organic copper, copper-bound clay and copper nanoparticles)
varied from about 15 to 375 mg/kg feed. The overall conclusion is that copper may affect the
microbiota in the gastrointestinal tract (both in foregut and hindgut).

Few results were found on the effect of copper on the pig small intestinal microbiota (load, profile,
metabolism). It should be stressed that performance in piglets/pigs is directly related to the host and
microbial digestion in the small intestine (Vervaeke et al., 1979; Dierick et al., 1988). The hindgut
normally does not essentially_contribute to the final energy and nitrogen balance of piglets/pigs, except
when fibre-rich digts-are tised (e.g., boars apd.sows). There,is evidence from the literature and the
present report that/copperiin |feedtat eoncentration /aboyvesreguirements (5-15ste, 175 mg/kg feed)
shares the same mode-of/action as canventional growthsproemoting antibigtics/(e'g.Kellog et al., 1964;
Vervaeke et al., 1976; Dierick/et al., 1986; Jensen, 1998, 2016): in general, a reduction of lactobacilli/
lactic acid bacteria in the foregut, which are known to compete with the host for nutrients (glucose,
amino acids) and a reduction of clostridia and coliforms/Escherichia coli, in the foregut, which are
more related to gut pathogenesis or less wanted microbial enzyme activities (e.g. B-glucosidase,
B-glucuronidase). Also other parameters related to the load, profile and metabolic activity of the
foregut microbiota (e.g. gut histo-morphology: villus height/crypt depth ratio, gut and plasma diamino
oxidase activity, plasma p-lactic acid concentration) may be positively influenced by supplemental
copper.

In the hindgut/faeces, the population of clostridia and coliform bacteria in most studies seems to be
significantly (> 1 log CFU/g) reduced by dietary copper at concentrations below 50 mg/kg. At higher
concentrations (> 170 mg/kg feed), a comparable effect was found on clostridia (only one study) but
not in most studies on coliforms. It appeared that at these concentrations the population of lactobacilli
in piglets as well as in growing pigs was significantly (> 1 log CFU/g) reduced in half of the studies.
One study (49 mg Cu/kg) in pigs for fattening showed a significant (> 1 log CFU/g) reduced number
of ureolytic bacteria in the colon after 3, 9 and 12 weeks.

For chickens, 106 references were found, 17 were considered appropriate to be included in the
ELS. In total, 20 different characteristics related to the gastrointestinal microbiota were investigated in
the selected studies. The copper concentrations from different copper sources (inorganic and organic
copper, copper-bound clay and copper nanoparticles) varied from 8 to 375 mg/kg feed; however, only
three studies were made with copper concentrations in feed complying with EU legislation. The overall
conclusion from the studies with broilers is that copper affects significantly (> 1 log CFU/g) the
microbiota in the gastrointestinal tract. The population of clostridia in the small intestine of chickens
for fattening and laying hens seems to be significantly (> 1 log CFU/g) reduced in most studies by
concentrations of copper between 25 and 100 mg/kg diet. No consistent effect could be found on the
population of lactobacilli and coliform bacteria in the hindgut.

For bovines, 114 references were found. None of them was considered appropriate.
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The FEEDAP Panel concludes from the studies with pigs and broilers that copper present in feed
above requirements may affect significantly the microbiota in the gastrointestinal tract (foregut and
hindgut/faeces), comparable to the mode of action of conventional antimicrobial growth promoters.
For bovines no conclusions can be drawn.

3.6. Influence of copper in animal nutrition on the development of
antibiotic resistance in bacteria

In the recent scientific literature, attention has been paid to the prevalence of antibiotic and copper
resistance genes and especially to the assumed linkage between them and their regulation, in bacterial
communities potentially exposed to high concentrations of copper. Two aspects should be considered:
(a) the copper supplementation to the animals and its influence in the gut microbiota and (b) the
copper in soil and development of antimicrobial resistance of soil bacteria. The first results were
published in 2012 as part of an opinion of the FEEDAP Panel on the safety and efficacy of cupric
sulphate pentahydrate for all animal species (EFSA FEEDAP Panel, 2012): a SLR on and a literature
search on ‘Copper in soil and development of antimicrobial resistance of soil bacteria’.

For the current opinion it appeared necessary to update the previous literature reviews.

3.6.1. Influence of copper on antibiotic resistance of gut microbiota in pigs
(including piglets)

EFSA commissioned the University of Gent (Belgium) to assist in the update of the SLR conducted
in 2012 on the ‘Influence of Copper on antibiotic resistance of gut microbiota on pigs, including
piglets’. Also, the literature review on the influence of copper on the development of antimicrobial
resistance of bacteria in the environment was updated accordingly. The full report was published (Van
Noten et al., 2016). A total of 901 references were examined to assess the influence of copper
supplemented diets on copper and antibiotic resistance of gut microbiota in pigs (including piglets).
Merely 33 references were_found eligible to answer this review question. The conclusions are given

below.
[ ] ( ]
AT Qi e
dd . i ul in11 field studies,

tafly - eontrolled studies and 12 cross-sectional studies. Furthermore, the
methodological quality of the studies for the purpose of the present review was in general
inadequate. From the 11 field studies, only three showed a good methodological quality. If all
field studies are considered, the relation between copper supplementation and copper resistance
appears equivocal. However, when only the results of the three studies with good
methodological quality are evaluated, it can be concluded that an increased supplementation of
copper (125 ppm compared to 16.5 ppm and 208 ppm compared to 6.4 ppm) will result in an
increased resistance to copper sulphate of the enterococci population of piglets. In general
E. faecium strains are more likely to acquire copper resistance than E. faecalis strains. In
addition, the presence of the tcrB gene seems to correlate well with copper resistance. The
transferability of the tcrB gene to enterococci from the same or other species was demonstrated.

Resistance to erythromycin is most probably associated with this acquired copper resistance.
The coselection of copper and erythromycin became evident from the environmentally controlled
studies as well. Both resistance genes are present in close proximity on the same plasmid,
which makes cotransfer of both genes plausible. This close genetic proximity is also the case for
vancomycin and copper resistance, although the field studies did not result in conclusive
evidence that copper resistance is associated with vancomycin resistance.

These conclusions only concern gram positive bacteria. Reliable data regarding gram negative
bacteria and especially E. coli are very scarce. According to our general impression, feeding
elevated copper levels and the presence of the pcoD/A gene are presumably not related to
higher copper resistance.

All the cross-sectional studies showed rather poor methodological quality. This was mainly due
to the selection of isolates that was biased or not representative for this review question or
because of the limited information on the copper levels to which animals were exposed.
Therefore, it is very difficult to draw conclusions from these studies.
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To conclude, the limited number of studies available from the SLR, and the limitations in terms
of results and methodological quality do not unequivocally allow to demonstrate the absence of
a correlation between copper supplementation above requirements and development of
antibiotic resistance in pigs under commercial farm practices. In addition, there is undoubtedly a
genotypic relationship between both. More field studies are needed to address the issue,
especially for the gram negative bacteria. For the time being, and in view of the inconclusive
results, the recommendation might be not to increase the levels of copper supplemented in feed
above allowances. Furthermore, considering the increasing research and interest on the matter
in the latest years, it is recommended to repeat the SLR in future considering new approaches,
if necessary’.

Based on the above, the FEEDAP Panel concluded that a co-selection in the gut bacteria for
resistance to copper and resistance to erythromycin, likely at copper supplementation doses between
125 and 250 mg/kg feed, cannot be excluded; it has been demonstrated for Gram-positive bacteria
(namely enterococci) but not for Gram-negative bacteria. The relevance of this finding is still uncertain.

3.6.2. Influence of copper on the development of antimicrobial resistance of
bacteria in the environment

A literature search conducted by searching in three databases (AGRIS, ISI Web of Knowledge and
PubMed) identified a total of 556 records.?’ Specifications of the literature search can be found in
Appendix E. After screening title and abstract and considering only papers published after 2010, and
dealing simultaneously with copper and soil/environment, 41 references were considered appropriate.
The publication of Berg et al. (2010), provided by the EC, was given particular consideration.

Large reservoirs of antimicrobial resistance genes exist in bacterial communities from both natural
and man-managed environments (Wright, 2007), and work suggests that these environmental
reservoirs are important sources of new resistances in clinical settings (Smith et al., 2005; Martinez,
2009). The terrestrial reservoir of antimicrobial resistance (i.e. the soil bacterial resistome) is bound to
be of major significance dueto its size, diversity and placement in the human food chain (Baker-Austin
et al., 2006; Wright/2007).\Indeed) research! inticateg that the soil bactérial resistome has expanded
significantly during [the “antibiotic/.era ' (Knapp| et al,.2010). fAnthropogenic’ activities may greatly
accelerate expansionnofthe’, s0il bacterial resistomel’ This fiay 6€cur via"soil’ depesition of antibiotic-
resistant bacteria and-antimiCrobial resistance genes present in animal manures and other faecal waste
products (Pruden et al., 2006; Binh et al., 2008; Heuer et al., 2008). Alternatively, antibiotic residues
reaching the soil environment may select for antimicrobial resistance (Brandt et al., 2009).

Selection for antimicrobial resistance in soil and water microbiota (also sewage sludge) is also
possible under a selection pressure generated by compounds other than antibiotics. Bioactive
compounds such as detergents, biocides, organic solvents and metals have been suggested to select
for bacterial strains showing an increased expression of multidrug resistance determinants and thereby
co-select for antibiotic resistance (European Commission, 2009).

Heavy metals in the environment result mainly from industrial and agricultural/aquacultural sources,
the latter as feed additives, organic and inorganic fertilisers, pesticides and anti-fouling products. As the
retention of trace elements (heavy metals including copper) in food-producing animals is approximately
below 5% of the total consumed, the majority of ingested trace elements is excreted and found in the
manure. For pig operations, heavy metals are found in the liquid fraction of the anaerobically digested
swine manure and therefore also found in wastewaters. A correlation has been noticed between heavy
metal concentrations in soil and the rate of application of pig manure (see review of Georgescu, 2014).
Studies in the environment of broiler feedlots showed correlations between copper and resistance to
different antibiotics. He et al. (2014) concluded that the presence of copper in feeds or environmental
medium could be one of the important driving factors in the selection of antibiotic-resistant genes in
the feedlot environments. According to Burridge et al. (2010), fish farmers use copper-containing
products to prevent fouling of farm cages and nets; some cages are reported to be made from copper
alloys. The enrichment of aquaculture sediments with copper is described by Smith et al. (2005).

The discharge of heavy metals together with antibiotics from agriculture and animal production-
linked ecosystems to the environment may cause a combined effect of selection and co-selection

20 The references included also four papers submitted by Authorities from European countries following a call for data (see
Section 2.1) and four references cited in Appendix B, section 3 of the FEEDAP Opinion on Safety and efficacy of cupric
sulphate pentahydrate (see EFSA FEEDAP Panel, 2012).
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towards antibiotic-resistant bacteria. Therefore, soil and water compartments impacted by agriculture
and aquaculture are critical foci of the evolution of antibiotic-resistant bacteria and require special
scientific consideration.

In samples of soil heavily contaminated with metals, 36 out of 46 heterotrophic bacterial isolates
showed a multiple metal and antimicrobial resistance (Krishna et al., 2012). Similar results were
obtained by Malik and Aleem (2011) on the resistance pattern of Pseudomonas spp. in river water and
soil irrigated with wastewater or groundwater. The majority of Pseudomonas isolates exhibited
resistance to multiple metals and antibiotics and resistance was transferable to a recipient E. coli strain
by conjugation.

Simultaneous resistance to copper and antibiotics has been observed for several bacteria species
from different environmental compartments (e.g. in soil: Abo-Amer et al. (2013), Joshi and Modi
(2013), Abo-Amer et al. (2014), Jechalke et al. (2015), Sevim and Sevim (2015); in sewage sludge:
Heck et al. (2015); in aquatic environment (river and lake): Osman et al. (2010), Martins et al. (2014);
in industrial effluents: Kaur et al. (2015); in coastal water: Beleneva et al. (2011); in sediments: Kacar
and Kocyigit (2013)). However, most of the available evidence is, at best, circumstantial because the
vast majority of studies rely on correlations between metal and antibiotic resistance genes (ARG) in
bacterial isolates and on environmental studies where the selective agent cannot be identified with
certainty. Such a correlation was also found in bacterial isolates from Antarctic shallow sediments
where pollution from both chemicals and drugs is scarce (Lo Giudice et al., 2013). In sediments and
soil samples collected from two Antarctic islands (Tomova et al., 2015), multiple antibiotic resistance
was detected in 67% of the sediment isolates and 92% of the soil isolates. Most strains were resistant
to copper (and lead, nickel and zinc). Plasmids were detected in 21% of the isolates. In studies with
archived Scottish soil samples (Knapp et al., 2011), a bivariate correlation analysis showed that eight
of the eleven quantified ARG positively correlated with soil copper levels: five ARG being highly
significant (p < 0.05), including tet(M), tet(W), blaOXA, erm(B) and erm(F) (all genes were normalised
to 16S-rRNA gene abundances).

In contrast, there are also studies in which no correlation could be shown (e.g. in urban waste
water: Gao et al. (2015)+in surface water: De Niederhdausern et al. (2013); in tannery effluents and
irrigated soil: Alam et ak:(2011); in hospital ahd ‘outdogdr strains of Pséudomonas aeruginosa: Deredjian
et al. (2011); in waste dumps_of mines:Mathiyazhagan.and Natarajan (2012); Anfindustrial areas: Wani
and Irene (2014))\IfNs possible that, in'these €ases, the pressureexerted by expostre to heavy metals
was not strong enough'to stimulate further survival strategies like antimicrobial resistance.

To try and establish which heavy metals are likely to co-select for antimicrobial resistance in soil
and water, Seiler and Berendonk (2012) reviewed the available data on heavy metal pollution, heavy
metal toxicity, heavy metal tolerance and co-selection mechanisms. The authors also assessed the risk
of metal-driven co-selection of antimicrobial resistance in the environment based on heavy metal
concentrations that potentially induce this co-selection process. Analyses of the data indicated that
agricultural and aquacultural practices represent major sources of soil and water contamination with
moderate to highly toxic metals such as mercury, cadmium, copper and zinc. If these metals reach the
environment and accumulate to critical concentrations, they can trigger co-selection of antimicrobial
resistance. The authors specified the minimum heavy metal concentration, which correlates with a
detection of increased bacterial antibiotic resistance, as the minimum co-selective concentration (MCC)
of a metal.

In the natural water environment (water and sediment), copper (and cadmium, nickel, mercury,
cobalt, lead and zinc) frequently reached levels that exceed their respective MCC values and therefore,
could drive co-selection. However, the results of the MCC analysis for such data need to be carefully
interpreted, mainly because positive correlations between metal levels and antimicrobial resistance
may be misleading. This would be the case, if another selection pressure (e.g. by antibiotics) would be
the trigger of the observed selection. Seiler and Berendonk (2012) concluded that copper in
concentrations toxic to bacteria reaches the environment and accumulates to selective concentrations.
Additionally, it can trigger co-selection of antimicrobial resistance because responsible co-selection
mechanisms that mediate resistance to these heavy metals — and clinically as well as veterinary
relevant antibiotics — have already been described. The authors noted that more research is necessary
in order to better assess the risk of co-selection of antibiotic and heavy metal resistance.

Berg et al. (2010) studied the impact of copper pollution as a selective driver for the spread of
antibiotic resistance in soil. Bacteria were extracted from a heavily contaminated soil (for more than
80 years; 150-fold higher in copper than the control soil) with copper sulphate, and from a
corresponding control soil. Pollution-induced bacterial community tolerance (PICT) to copper and a
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panel of antibiotics was determined by a cultivation-independent approach based on [3H]
bromodeoxyuridine (BrdU) incorporation into DNA and by resistance profiling of soil bacterial isolates
on solid media. High copper exposure selected not only for Cu-tolerant bacterial communities but also
co-selected for increased community-level tolerance to tetracycline and vancomycin. Cu-resistant
isolates showed a significantly higher incidence of resistance to five out of seven tested antibiotics
(tetracycline, olaquindox, nalidixic acid, chloramphenicol and ampicillin) than Cu-sensitive isolates. The
data suggest that soil copper exposure co-selects for resistance to clinically important antibiotics (e.g.
vancomycin) at the bacterial community level. Co-selection for antibiotic tolerance in copper-polluted
soils was studied in a laboratory experiment (using leucine incorporation) by Fernandez-Calvino and
Baath (2013). The PICT found in copper-polluted soils to the antibiotics tetracycline, tylosin and
vancomycin was observed at higher copper pollution levels than PICT to copper.

The increasing number of publications on microbial resistance against antibiotics and other
agrochemicals like trace elements in the terrestrial environment stresses the importance that is
allocated by science to this development. A large and possibly increasing reservoir of antibiotic
resistance in the environment presents a clear hazard as resistance can be transferred, e.g. by
conjugation, to pathogenic microorganisms. Both resistance against copper and against antibiotics are
found associated globally, not only in areas heavily polluted with metals but also in areas like Antarctic
water without a pollution history. Consequently, it remains unclear whether heavy metals like copper are
one of the drivers of developing antibiotic resistance. In fact, it seems that, in general, when bacteria
encounter adverse conditions, such as high levels of potential toxicants, dormant survival mechanisms
(tolerance to adverse environmental conditions) are triggered. There is no doubt that a high copper
content in manure represents a challenge to bacterial survival and is one that continues because of the
resulting higher copper concentrations in soil (and surface water), at least in the limited surroundings of
piggeries. This may be followed by increased resistance to antibiotics in these areas. However, a
sufficiently clear demonstration of this chain of events is currently not available. It is noted that, if no
action is taken now and the potential progression including a risk of resistance gene transfer to human
pathogens is demonstrated in the future, worthwhile years of counteractive measures will be lost.

3.7. Proposafsfanmaxipum cdbper cganterfks if] tdmplete feed

The details of\ ‘hutrient” requirement | data'for theg different ‘target "@animals arequsually taken into
consideration when\formtfating a complete feed. Feed business operators base calculations for nutrients
in diets on averages/medians — intended primarily not to fall below the animal’'s requirements —
and consider the maximum contents set by legislation. Maximum contents in feed are set for trace
elements for different reasons, which include safety for the consumer, the target species and the
environment. The request of the EC covers the appropriateness of the CAMC when compared with the
requirements.

The proposal for a potential modification of the CAMC of copper has to consider the different
aspects discussed in this document. The NPMC shall be high enough to ensure health, welfare and
performance of healthy target animals. The NPMC must therefore be above requirements considering
age, genetics and physiological state (determined by animal performance, including growth,
pregnancy, lactation, egg production, wool and fur production as well as physical work).

The principle of allowances in animal nutrition is equivalent to derivation of a Population Reference
Intake (PRI)/Recommended Dietary Allowances (RDA) in humans. A PRI/RDA is the average daily
dietary intake level that is sufficient to meet the nutrient requirement of nearly all (97.5%) healthy
individuals at a particular life stage and gender group (EFSA NDA Panel, 2010). Therefore, this
approach can also be used to derive the NPMC.

e If the distribution of requirements in the group is assumed to be normal, then the PRI/RDA
can be calculated from the requirement and the standard deviation (SD) of requirements as
follows: PRI/RDA = Requirement + 2 SD (EFSA NDA Panel, 2010; Health Canada).?! However,
it is not possible to calculate an inter-individual variation in copper requirement for all animal
species and therefore variability has to be estimated.

e If data about variability in requirements are insufficient to calculate a SD, a coefficient of
variation (CV) for the requirements of 10-20% can be assumed (EFSA NDA Panel, 2010).
If 10% is taken to be the CV, then twice that amount when added to the requirements is

2! Health Canada, Official webpage. Food and Nutrition. Dietary Reference Intakes. http://www.hc-sc.gc.ca/fn-an/nutrition/reference/
table/index-eng.php

www.efsa.europa.eu/efsajournal 49 EFSA Journal 2016;14(8):4563


http://www.hc-sc.gc.ca/fn-an/nutrition/reference/table/index-eng.php
http://www.hc-sc.gc.ca/fn-an/nutrition/reference/table/index-eng.php

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

defined as equal to the PRI/RDA. The resulting equation for the PRI/RDA is then
Allowance = 1.2 x requirement. This level of intake, statistically, covers the requirements of
97.5% of the population.

e It is concluded that copper allowance is calculated from 1.2 times the requirement.

Allowances also have to take into consideration variation in the availability of copper sources used
for feed supplementation (see Section 3.4.1). Most copper-containing compounds show bioavailabilities
in all animal species similar to copper sulphate. However, cupric oxide and cupric carbonate (and
cuprous iodide in poultry) showed a lower and more variable relative bioavailability (RBV). It is
concluded that copper allowance in animal feed needs to include an additional 30% of the requirement
to account for differences in bioavailability of background copper, arriving at a final factor of 1.5
(1.2 + 0.3 ~ 1.5).

The RBV of background copper in diets for poultry can be estimated to be 50% and < 50% in pigs.
However, NPMC should generally also consider the interactions of copper with other nutrients, minerals
or additives, if these have not already been taken into account when establishing requirements.
Because copper in feed materials interacts with other nutrients and minerals, particularly with
molybdenum and sulfur in ruminants, it is difficult to precisely estimate the RBV of copper in the basal
diet. Therefore, for the following calculations, background copper is not taken into account as an
available source for meeting the requirements but providing a reserve for a potentially increase need
because of the presence of antagonists.

The NPMC should be feasible under the practical conditions of the feed manufacturing industry.
This is considered by rounding the mathematically derived NPMC to practical figures and thus,
establishing three groups of NPMC.

The following aspects were considered when proposing a modification of the CAMC: (i) the NMPC
should not be higher than what is inevitably necessary; (ii) as there is no substantial retention of
copper in the animal body, the potential reduction in dietary copper will be reflected in a reduced
environmental load; and (iii) although it is presently not scientifically fully demonstrated that high
copper, as in case of-piglet-feed, triggers the development of bacterial resistance to antibiotics in the
gut and/or the enyironment, the ‘As,Low As Reasonably Achievable’,(ALARA) principle is supported.

The NPMCs are symmarised in/TablesQ; only the/animal categories listed sinsthis table, for which
requirement data 'ar€ repofted in Section 2.1,could be considered.

As no requirement eould’be identified for crustaceans, it is recommended to maintain the current
maximum copper contentof 50 mg/kg feed.

Table 10: Newly proposed maximum copper contents in complete feed for target animals,
expressed as mg Cu/kg complete feed

Target species, animal R®@ 1.5 x R Background | NPMC® camc®
category

Chickens for fattening, reared 8 12 10 25 25
for laying

Laying hens, breeder hens 8 12 10 25 25
Turkeys for fattening, 10 15 10 25 25
0-8 weeks of age

Turkeys for fattening, from 6 9 10 25 25
8 weeks of age onwards

Other poultry 8 12 10 25 25
Piglet, weaned 8 12 10 25 170
Pigs for fattening 6 9 10 25 25
Sows 10 15 10 25 25
Calves — milk replacer 10 15 5 15© 15
Cattle for fattening 8.8% 13.2 10 30 35
Dairy cows 8.8-13.2%* 13.2-19.8 10 30 35
Sheep 7% 10.6 10 15© 15
Goat 7-22* 10.6-33 10 35 25
Horses 8.8* 13.2 10 25 25
Rabbits 5 7.5 10 25 25
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Target species, animal R@ 1.5 x R Background = NPMC® caMc®
category

Salmonids 5 7.5 10 25 25
Other fish 8 12 10 25 25
Crustaceans 50 50
Dogs 12 15.6® 10 25 25
Cats 10 13® 10 25 25

(a): R: requirement.

(b): NPMC: newly proposed total maximum contents of copper in complete feed.
CAMC: currently authorised maximum content of copper in complete feed.

(c): As copper in milk-based diets shows a high bioavailability and does not contain substantial amounts of copper antagonists,
the background level (5 mg/kg) is not added to the allowance (15 mg/kg).

(d): Considering cattle feeding on pasture, a potentially high amount of copper antagonists in forage is taken into account.

(e): NPMC is limited by the MTL; dietary concentrations above 15 mg/kg could provoke CCP.

(f): No requirement data available, the allowance (12 and 10 mg/kg for dogs and cats, respectively) is therefore only multiplied
by 1.3 to consider different bioavailabilities of copper supplements.

(*): Adjusted from dry matter to complete feed with 88% dry matter.

The proposed reduction in the CAMC would not have an impact on the basal composition (feed
materials) of diets for the target animals. Considering a background content of 10 mg Cu/kg diet and
the 90th percentile values of copper concentrations in feed for piglets (168 mg/kg), it is concluded
that 158 mg results from copper supplementation; the proposed reduction of 145 mg (170 minus 25)
is lower than the practised supplementation at the 90th percentile.

The proposal for a reduction in the maximum dietary copper in dairy cows is supported by a recent
comprehensive report on trace element supply including copper by TMR in Saxonian dairy farms
(Steinhofel et al., 2013).

The Norwegian Food Safety Authority made some proposals for a reduction in the CAMC to the
European Commission” (see~footnote 3). The Authority proposed the following maximum copper
contents: for cattle/30>mgfkg; forApigs, poultty andi horses 15 mg/kg? for piglets 35 mg/kg. The
Authority further recommended maintaining the current CAMQ for sheep and pre=ruminant bovines,
(15 mg/kg) and forfish(25.mg/kg). These proposals‘are ‘genérally=in line with'the NPMC (see Table 10).

3.8. Consequences of the proposed maximum copper contents in feed

3.8.1. Consequences on health and welfare of target animals

As previously stated, the NPMC are based on the more recent available data on copper nutritional
requirement and tolerance studies conducted in modern breeds, up-to-date feeding conditions and diet
composition.

The FEEDAP Panel considers that for most monogastric species and categories (except piglets) the
CAMC are still valid and no changes have been proposed. These CAMCs are well above the
requirements and ensure animal health, welfare and productivity. Moreover, most of them are in
the range of recommendations from industry for copper content in complete feed.

The only drastic reduction in the CAMC (170 mg/kg) to a NPMC (25 mg/kg) is proposed for weaned
piglets up to an age of 12 weeks. Reviewing the literature (see Section 3.2.4), distinct adverse effects
have to be expected when following that proposal in practice; the first consequence would be a
reduction in growth performance, likely accompanied by reduced faecal consistency. However, growth
promotion and improved faecal consistency are not the physiological effects of meeting the animals’
requirements for copper; they are considered rather as pharmacological effects, similar to that of
2,000-3,000 mg Zn (from zinc oxide)/kg feed and of growth-promoting antibiotics for piglets. The
FEEDAP Panel gives consideration as to whether such an extra-nutritional effect should be covered and
authorised by veterinary medicinal product regulation and not by feed regulations. The Panel also
notices that there is a variety of alternatives in compounding complete feed which would have the
same positive effect on growth as the high copper. Furthermore, the copper reduction in piglets
feeding could trigger an increase in the use of antibiotics. However, the Panel is convinced that
knowledge and experience of feed compounding industry would allow feed formulations containing
elements (feed additives, feed materials) which fully substitute the growth-promoting effect of copper;
an additional compensation may be reached by improving hygienic and sanitary conditions. Norwegian
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data may serve as an example: Norway has an exception from the EEA-agreement and has a national
limit for maximum copper content in feed for piglets of less than 12 weeks of age at 35 mg/kg
complete feed. A comparison with the economic data from 2012 of production of weaned piglets from
five EU MS (Denmark, Germany, UK, Spain and Sweden) did not identify a disadvantage of the lower
maximum dietary copper (ADG (g), MS-range: 291 (Spain)-489 (UK); Norway: 504. Feed/gain, MS-
range: 1.6 (Sweden)-1.77 (UK); Norway: 1.63. Mortality (%), MS-range: 2.0 (Sweden)-3.4 (Spain);
Norway: 1.7).%2 The comparison shows that high dietary copper in feeding piglets is not a unique
condition for reaching optimum economic production results.

Several articles on alternatives for antimicrobial growth promoters, including copper, in pig feeding,
are available in the literature (e.g. DIAS Report, 2004; Gallois et al., 2009; De Lange et al., 2010; Kil
and Stein, 2010; Vondruskova et al., 2010; Heo et al., 2013; Thacker, 2013; Poulsen et al., 2015;
Suiryanrayna and Ramana, 2015). These alternatives include feed additives (e.g. organic acids,
medium-chain FA, pre- and probiotics, essential oils and other plant extracts), feed materials (e.g.
butyric acid and oils containing medium-chain FA), feeding systems (e.g. fermented liquid feeding) and
management systems (e.g. segregated early weaning). They all have an influence on the gut
histomorphology (and function) and intestinal microbiota similar to that observed after the
administration of high copper and antibiotics, which would help to explain the growth-promoting effect.

In the case of bovines, recent studies indicate that in some circumstances this animal species can
be less tolerant to copper than traditionally thought and cases of subclinical chronic copper toxicity (by
excessive hepatic copper accumulation) are frequent across EU (see Section 3.2.3). The NPMC is
expected to better protect bovines of suffering from excessive hepatic copper accumulation. Higher
levels of dietary copper would only be required to meet the copper physiological needs when high
levels of copper antagonists (molybdenum and sulfur) are present in the diet, but this is not the case
across the EU. The FEEDAP Panel considers that caprines might have higher copper requirements than
traditionally thought and, consequently, proposes to increase the CACM (25 mg/kg) to 35 mg Cu/kg.

Finally, the FEEDAP Panel notes that interactions with other trace elements and certain dietary
constituents deserve increased attention when the use levels of dietary copper are reduced,
particularly in ruminants—However, feed business operators have full access to the relevant databases
which are used to/ calculate feed formulations on’ the basis of the most updated information.

3.8.2. Consequsuces’gn constimer supply

Dietary Reference Vatues (DRVs) for humans have not been established for copper because of the
limited quality and quantity of the available information; instead, Adequate Intakes (AI) have been set
by the Nordic countries, Germany, France, the Netherlands, USA and Canada, and the SCF. An Al is
‘estimated when a PRI cannot be established because an average requirement cannot be determined.
An Al is the average observed daily level of intake by a population group (or groups) of apparently
healthy people that is assumed to be adequate’ (EFSA NDA Panel, 2015). The values set range
between 1.0 and 3.5 mg/day for men and 0.9 and 3.5 mg/day for women. When the EFSA NDA
Panel reviewed the DRVs for copper in 2015, again it was concluded that only Als for copper could be
set; there were still too few data on which to base DRVs. However, there was enough information to
enable the NDA Panel to set different Als according to gender. These Als are shown in Table 11.

Table 11: Summary of Adequate Intakes for copper (EFSA NDA Panel, 2015)

Adequate Intake values for copper (mg/day)

Age/group Males Females
7-11 months 0.4 0.4
1 to < 3 years 0.7 0.7
3 to < 10 years 1.0 1.0
10 to < 18 years 1.3 1.1
> 18 years 1.6 1.3
Pregnancy 1.5
Lactation 1.5

22 Data from Interpig 2012. Provided by the EC with the mandate.
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The average copper intakes in the EU are summarised in Table 12.
Table 12: Ranges of average copper intakes in Member States of the EU (from EFSA NDA Panel, 2015)

Age/group Range of average copper intakes (mg/day)
Infants 0.34-0.50
1to<3 0.57-0.94
3 to < 10 years 0.82-1.44
10 to < 18 years 0.98-1.92
> 18 years 1.15-2.07

The natural copper content of foods varies greatly. Representative food composition data are
shown in Annex D (Table D.1). It can be seen that rich dietary sources of copper are liver, some
seafoods (oysters), cocoa products, nuts (particularly cashew) and seeds.

The main food group contributing to copper intake is grains and grain-based products, except for
infants for whom the main contributor to copper intake is food products targeted for the young
population. Although grains and grain-based products do not have concentrations of copper as high as
those reported for other food groups — such as offal, nuts, or liver — the high consumption of foods in
this group (e.g. bread) and the large variety of products in which grains are included makes them the
most important contributor to copper intake 19-40% in women and 26-44% in men.

The food group starchy roots or tubers and products thereof provide 5-10%, vegetables about
11%, fish and seafood up to 16% and eggs and egg products 1-11% of the dietary copper intake of
European populations (EFSA NDA Panel, 2015). The contribution of water and water-based beverages
to copper intake in various age groups was up to 12%. The copper content of drinking and potable
water is influenced by natural mineral content, pH and a copper or non-copper supply system (NRC
Committee on Copper in Drinking Water, 2000). Soft acidic water, especially when transported by
copper pipes, has a higher copper concentration. It has been estimated that foods may account for
90% or more of copper.intake in adults when the copper content in drinking water is low (< 0.1 mg/L).
If the copper content is~higher (>A4-2 mg/L), Water may adcount! fofl up to 50% of total intake. In
infants, contributiohXaf\ water té._daily ‘copper intakel may’ be [|higher) beause they consume
proportionally more water than' adults (de Romana et“al., 2011).

The food group™meat-arid meat products is an important contributor to copper intake, with an
average contribution up to 19% in males and up to 16% in females. However, food consumption data
from Finland, France, Germany, Ireland, Italy, the Netherlands, Sweden, and the UK indicate that liver
and liver-based products contribute < 1% to daily consumption of copper in most age groups. The
exceptions are the elderly and very elderly people in whom a percentage of contribution up to about
6% and 12%, respectively, has been reported (France and the UK) (EFSA NDA Panel, 2015).%3 It is
also noteworthy that many consumers do not eat liver. Data extracted from the Comprehensive
European Food Consumption Database (data from 19 MS countries) show that, on average, only about
3.3% of the European population consumes liver, with values up to 17% (Hungary). However, higher
percentages of the population consume some liver-based products (e.g. 90% of the Danish
population). These population patterns are contained within the overall assessment of liver
consumption and copper exposure discussed earlier in this section.

The issue relating to consumer safety in this opinion is that a reduction in copper added to animal
feed might reduce the copper intake of consumers. At the levels of exposure arising from any
reduction of the copper contents of feed provided for animals, the copper content of their muscle and
liver would not be altered and would have little impact on consumers’ diets. Additionally, if the copper
content of liver were reduced as a result of a change in feeding practice, liver is such a small source of
dietary copper, even in those consumers who eat liver and liver products, that any alteration in the
copper content of liver as food would also have a negligible impact on consumer intakes.

The FEEDAP Panel concludes that the reduction of the copper CAMC for some categories of food-
producing animals to the NPMC values would not be likely to have any consequences on the
consumers’ intake of copper and is of no concern for the safety of the consumer.

23 Data extracted from the EFSA Food Consumption Database: https://www.efsa.europa.eu/en/food-consumption/comprehensive-
database
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3.8.3. Consequences on the environmental load

Most of the copper consumed by farm animals appears in faeces, particularly when pharmacological
‘growth-promoting’ levels are applied (see Section 3.2.4). This can result in substantial excretion of
copper that is added to the agricultural soil via manure application. Particularly, in livestock-dense
areas and regions, this can result in annual accumulation of copper in soil that gives rise to long-term
environmental concern (Monteiro et al., 2010).

The release of copper from different anthropogenic sources in Europe was analysed in the EU
voluntary Risk Assessment Report (RAR) of copper (ECHA, 2008). The FEEDAP Panel could not identify
any more recent reports on the topic. The total amount of copper used in the EU in 1999 was 4.3 M
tonnes (ECHA, 2008) and 56% of this went into electrical cables and electrical equipment. The use of
copper chemicals (as sulphate, oxide, chloride) in 1999 was 32,400 tonnes (ECI, 2003, cited in ECHA,
2008), which corresponds to 0.7% of the total copper use. Out of this amount, 19% (6,200 tonnes/
year) was annotated as ‘cattle feeds’, although it is unclear if this figure rather refers to all ‘animal
feeds’ because no other categories were included in the budget (ECHA, 2008). Thus, the amount of
copper used for feed supplements is very small in comparison with the total use of copper, but it is an
important source of copper in agricultural soils. However, it should be noted that also other uses of
copper, e.g. in fertilisers or as pesticides, contribute to copper load of soil.

EFSA commissioned a study on the impact of zinc and copper in farm animal manure on the EU
environment (Monteiro et al., 2010). In some soil types, potential risk was identified for soil organisms,
particularly following long-term (50 years) application of piglet manure. However, it was noted that
only two out of the seven soil types considered would be expected to coincide with piglet farms
(Monteiro et al., 2010); the use of copper in fish feeds was considered not to give rise to concern.

An estimate was made of the reduction in copper input to the environment following the potential
implementation of the NPMC for piglets, cattle for fattening and dairy cows. The NPMC refers to
complete feed and, therefore, calculations for complementary feeds were not possible. The amount of
copper going into animal feed production was calculated by using compound feed production data
(FEFAC, 2016). A comparison was made between feeds containing copper concentrations at the CAMC
and the NPMC. ThéestotalEW-production volumes of feed for individualzanimal categories (e.g. piglets)
were corrected for lack /f ‘detail in/reparting from some countriesa(six to eightyMS=eut of 25 reporting
compound feed production)/by agsuming an‘equal mean“for the S teporting feed production for a
certain category and forall:25 MS generally reporting. To assess the reduction in environmental copper
contamination, it was further assumed that the copper content in animal tissues and products will not
be substantially affected by changing copper in feed to the NPMC. Consequently, in this very simplistic
model, the absolute reduction in the copper eaten by animals is equal to the reduction in
environmental copper emission via manure. It was estimated that the amount of copper entering the
EU environment per year via farm animal manure would be reduced by up to 1,000 tonnes following
introduction of the NPMC (see Appendix F). Reducing copper in feed for piglets would have the
greatest impact by far, resulting in an estimated 860 tonnes less copper being spread on fields.

Another estimate for piglets only, based on the production of 250 million pigs in Europe/year
(European Commission, 2016) and an excretion of 14.3 g Cu/pig, gives a saving in the environment of
6.5 g/pig (Jondreville et al., 2002), thus resulting in 1,600 tons less copper per year.

From an average of the two above calculations ((860 + 1,600)/2 ~ 1,200 tonnes), it can be
assumed that only the reduction in the maximum copper content in piglet feed from 170 to 25 mg/kg
could result in about 20% savings of total copper emissions from farm animal production. Thus, locally
where manure from piglets is spread on land, the reduction in the CAMC to the NPMC would
undoubtedly have a significant impact on the concentrations of copper in the environment of piggeries.
However, given that the total amount of copper used in animal feeds is very small compared to overall
use and emission, implementation of NPMC will likely do little to reduce the copper levels in the wider
environment.

3.9. Maximum residue limits of copper in food of animal origin

As several compounds of copper (copper hydroxide, copper oxychloride, Bordeaux mixture, tribasic
copper sulphate and copper oxide) are also used as inorganic pesticides (fungicide/bactericide), MRLs
have been established under Regulation (EC) No 396/2005*3 (Annex IIIA, temporary MRLs). From a
comparison of these MRLs and the tissue concentrations reported in the literature after the use of
copper-supplemented feed diets made by the FEEDAP Panel, it became evident that MRLs considerably
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underestimate the occurrence of copper in liver from ruminants (and water fowl), and simultaneously
reflect unrealistically high concentrations in all other tissues and products (EFSA FEEDAP Panel, 2012).
Several data on the copper concentration in food of animal origin, tissues and products, are listed in
Annex D. They confirm that the MRLs may be exceeded, particularly in the case of ruminant liver.

A report on the results from the monitoring of veterinary medicinal product residues and other
substances in live animals and animal products during 2014 (EFSA, 2016) confirmed the above
appraisal.?* Samples analysed for copper were only available from two MS (Czech Republic and
Germany). About 45% and 60%, respectively, of the analysed bovine liver samples exceeded the MRL;
however, only about 3% and 11% did in pig liver samples, respectively (for details, see Annex E).

In the framework of the pesticide legislation, the MRLs for copper compounds are currently under
review by EFSA, based on a draft report prepared by the Rapporteur MS France.

The FEEDAP Panel wants to give its general position on the usefulness of the MRLs for essential
micronutrients. Trace elements such as copper fulfil vital functions in living organisms. As they are
required as constituents of the feed, they would consequently be also found in tissues and products of
animal origin. The EU feed legislation has also established maximum contents for these trace elements
in order to preserve the safety of target animals, consumer, users and/or the environment. It is the
general position of the FEEDAP Panel that for essential trace elements no MRLs should be set; they are
simply not necessary as other measures to limit consumer exposure can be taken, for example a
restriction of their concentration in animal feed.

As many compounds of trace elements are also considered as pharmacologically active substances,
they have been assessed by the European Medicines Agency (EMA) by its Committee for Medicinal
Products for Veterinary Use (CVMP), also under the particular aspect of whether MRLs would be
necessary or not; no MRLs have been recommended by CVMP (where necessary, the Committee
considers alternative measures to protect consumer safety, e.g. setting withdrawal periods).
Consequently, Regulation (EU) No 37/2010 classifies all (compounds of) trace elements as ‘No MRL
required’. In the context of copper compounds, EMA has delivered a report on copper chloride, copper
gluconate, copper heptanoate, copper oxide, copper methionate, copper sulphate and dicopper oxide
(EMEA, 1998) and anothet ©one on copper carbonate (EMA, 2016), which were regarded in Regulation
37/2010 and, more fecently)\in\Regulation 2016/710, réspectively.

The concentration\ ‘of /copper /in) the animal organism is( effidiently regulated by homeostatic
mechanisms, which .nclide’.dastrointestinal” absorption, theé*uptake and ‘metabolism by the liver and
biliary excretion into-faeces-Copper toxicity ensues when the capacity of the homeostatic mechanisms
is exceeded. Among edible tissues of animal origin, the highest concentration of copper is found in the
liver (the main deposition organ), followed by the kidney and the muscle. Among products of animal
origin, milk shows the lowest values (EFSA FEEDAP Panel, 2016).

The FEEDAP Panel is of the opinion that MRLs for copper should not be set for tissues and products
of animal origin as the use of copper is safely regulated by feed legislation. The authorised maximum
copper contents in complete feed would effectively prevent any increase of copper in feed and,
consequently, in food of animal origin.

4, Conclusions

The FEEDAP Panel reviewed (i) the copper requirements of food-producing and pet animals, (ii) the
copper concentration in feed materials and complete feed, (iii) the copper bioavailability, and (iv) the
calculated background copper concentration of complete feed. Also considered were (i) the influence
of dietary copper on gut microbiota profile and on the bacterial antibiotic resistance in target animals
and (ii) the environmental occurrence of bacterial heavy metal tolerance (copper resistance) and
resistance to certain antibiotics. The data collected supported the possibility of a reduction in some of
the currently authorised maximum contents (CAMC) for total copper in feed.

The Panel developed an algorithm to derive NPMC from the requirement and the native dietary
copper content. The NPMC (mg Cu/kg complete feed) comprised of maintained (m), decreased (d) and
increased (i) values, and were: 15 for bovine before the start of rumination (m), 30 for other bovine
(d), 35 for caprine (i), 15 for ovine (m), 50 for crustacean (m) and 25 for other animal species ((d) for
piglets up to 12 weeks, (m) for all other species).

2% Further details on non-compliant samples were retrieved from the Report on the implementation of National Residue
Monitoring Plans in the Member States in 2014 (Council Directive 96/23/EC). Available online: http://ec.europa.eu/food/
safety/docs/cs_vet-med-residues_workdoc_2014_en.pdf
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The NMPC support health, welfare and economic productivity of target animals, except piglets; in
weaned piglets, performance may be reduced.

The reduction in the CAMC for food-producing animals to the NPMC values would not be likely to have
any consequences on the consumers’ intake of copper and is of no concern for the safety of the consumer.

The reduction of copper in feed for piglets from 170 mg/kg to 25 mg/kg would have the capacity
to reduce total copper emissions from farm animal production by about 20%. Thus locally, where
manure from piglets is spread on land, the reduction in the CAMC to the NPMC would have a
significant impact on the concentrations of copper in the environment of piggeries.

5. Recommendations

The two warning statements contained in Other Provisions for Copper in Regulation 1334/2003
should be maintained. No NPMC is proposed for sheep and the feed concentration for ruminants which
is given under Other Provisions is a low copper level compared to the NPMC.

The FEEDAP Panel recommends enlarging the basis of copper monitoring in the liver of slaughtered
bovines. Tracing back the results to the localised origin of the samples would help to better understand
the conditions under which average values are exceeded.

The FEEDAP Panel further recommends implementing a monitoring of copper pollution from
agriculture in areas in which food-producing animals are fed, with particular attention to the potential
development of microbial antibiotic resistance in the environment. The data would help to identify any
area under risk.

6. Remark

The FEEDAP Panel is of the opinion that MRLs for copper should not be set for tissues and products
of animal origin, as also expressed by the EMA-CVMP. The use of copper is safely regulated by feed
legislation. The authorised maximum copper contents in complete feed would effectively prevent any
increase of copper in feed and, consequently, in food of animal origin.

Documentation{provided to EFSA

1) Scientific \Publication/ of! Berg| et al'\(2010). (See_References). Submitted by the European
Commission;-May 2015.

2) Document from the Norwegian Food Safety Authority on ‘Copper supplementation of animal
feed’, including the papers of ‘Copper and iodine in feed to fish’ from NIFES, of ‘Zinc, copper
and iodine in feed for terrestrial livestock animals’ from the Norwegian Veterinary Institute
and the ‘Interpig 2012’ Evaluation of change in maximum levels. Submitted by the
European Commission. June 2015.

3) Data from European Countries concerning ‘Allowance/Requirements levels of copper for
animal species, defined by national scientific bodies” and ‘Analyses of compound feed for all
animal species/categories obtained during national official controls’ received as reply to the
ad-hoc questionnaires submitted throughout the Focal Points of the EFSA’s Advisory Forum
and the Chemical Occurrence Network platform. January 2016.

4) Data from Stakeholders concerning ‘Industry recommendation of zinc supplementation and
copper use level in all animal species categories in the EU’ and ‘Typical composition of
complete/complementary feed for all animal species/categories’ received as reply to the ad-hoc
questionnaires submitted to the stakeholders via the EFSA's stakeholder platform. January 2016.

5) External Scientific Report. Assistance in the Update of the Systematic Literature Review
(SLR): ‘Influence of Copper on Antibiotic Resistance of Gut Microbiota on Pigs (including
Piglets) *. Submitted by Van Noten et al. (See References). February 2016.

6) External Scientific Report. Extensive Literature Search on the ‘Effects of Copper intake levels
in the gut microbiota profile of target animals, in particular piglets’. Submitted by Jensen
(See References). April 2016.

7) EFSA Internal Report. Technical assistance in retrieving and collecting data on non
compliances on Copper from the EU residue database. June 2016.

8) EFSA Internal Report. Technical assistance in retrieving and collecting data on intake and
food composition. June 2016.

www.efsa.europa.eu/efsajournal 56 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

References

Abo El-Ezz ZR, Salem MH, Hassan GA, El-Komy AG and Abd EI-Moula E, 1996. Effect of different levels of copper
sulfate supplementation on some physical traits of rabbits. Proceedings of the 6th World Rabbit Conference,
Toulouse, France, 59-65.

Abo-Amer AE, Ramadan AB, Abo-Sate M, Abu-Gharbia MA and Ahmed HE, 2013. Biosorption of aluminum, cobalt,
and copper ions by Providencia rettgeri isolated from wastewater. Journal of Basic Microbiology, 53, 477-488.
Abo-Amer AE, Abu-gharbia MA, Soltan EM and Abd El-Raheem WM, 2014. Isolation and molecular characterization
of heavy metal-resistant Azotobacter chroococcum from agricultural soil and their potential application in

bioremediation. Geomicrobiology Journal, 31, 551-561.

Aboul-Ela S, Abd El Galil K and Ali FA, 2000. Effect of dietary fiber and energy in performance of post-weaning
rabbits. World Rabbit Science, 8, 61-75.

Adeola O, 1995. Digestive utilization of minerals by weanling pigs fed copper- and phytase supplemented diets.
Canadian Journal of Animal Science, 75, 603-610.

Aggett PJ, 2013. Copper. In: Caballero B (ed.). Encyclopedia of Human Nutrition, Vol 1. 3rd Edition. Elsevier,
Oxford. pp. 397-403.

Alam MZ, Ahmad S and Malik A, 2011. Prevalence of heavy metal resistance in bacteria isolated from tannery
effluents and affected soil. Environmental Monitoring and Assessment, 178, 281-291.

Allen MM, Barber RS, Braude R and Mitchell KG, 1961. Further studies on various aspects of the use of high-
copper supplements for growing pigs. British Journal of Nutrition, 15, 507-522.

Alvarado-Gilis CA, Aperce CC, Miller KA, Van Bibber-Krueger CL, Uwitze S, Drouillard JS and Higgins 1], 2014.
Effects of feeding diets rich in alpha-linolenic acid and copper on performance, carcass characteristics, and
fatty acid profiles of feedlot heifers. Journal of Animal Science, 92, 5612-5621.

Amer E and Elliot JI, 1973. Influence of supplemental dietary copper and vitamin E on the oxidative stability of
porcine depot fat. Journal of Animal Science, 37, 87-90.

Ankari A, Najib H and Al Hozab A, 1998. Yolk and serum cholesterol and production traits, as affected by incorporating
a supraoptimal amount of copper in the diet of the Leghorn hen. British Poultry Science, 39, 393-397.

Ao T, Pierce JL, Power R, Pescatore AJ, Cantor AH, Dawson KA and Ford MJ, 2009. Effects of feeding different
forms of zinc and copper on the performance and tissue mineral content of chicks. Poultry Science, 88,
2171-2175.

Aoyagi S and Bakey-DH, /1995, -Effect of microbial phytasesand 1,25-dihydroxycholecalciferol on dietary copper
utilization in chicksRoultry/ Science/ 74, 121%126.

Aoyagi S, Baker DH -andvWedekind KJ, 1993. Estimates /of copper | bieavailability from ‘iver of different animal
species and from feed ingredients derived from plants and animals. Poultry Science, 72, 1746-1755.

Aoyagi S, Hiney KM and Baker DH, 1995. Copper bioavailability in pork liver and in various animal by-products as
determined by chick bioassay. Animal Science, 73, 799-804.

Apgar GA and Kornegay ET, 1996. Mineral balance of finishing pigs fed copper sulfate and a copper lysine complex
as growth-stimulating levels. Journal of Animal Science, 74, 1594-1600.

Apgar GA, Kornegay ET, Lindemann MD and Notter DR, 1995. Evaluation of copper sulphate and a copper lysine
complex as growth promotants for weanling swine. Journal of Animal Science, 73, 2640-2646.

Applegate TJ and Angel R, 2014. Nutrient requirements of poultry publication: history and need for an update. The
Journal of Applied Poultry Research, 23, 567-575.

Arias V and Koutsos E, 2006. Effects of copper source and level on intestinal physiology and growth of broiler
chickens. Poultry Science, 85, 999-1007.

Arnhold W, Anke M, Glei M, Rideout B, Stalis I, Lowenstine L, Edwards M, Schuppel K-F, Eulenberger K and Notzold
G, 1998. Determination of copper status in ruminants. Trace Elements and Electrolytes, 15, 65-69.

Arthington JD and Spears JW, 2007. Effects of tribasic copper chloride versus copper sulfate provided in corn- and
molasses-based supplements on forage intake and copper status of beef heifers. Journal of Animal Science, 85,
871-876.

Arthington JD, Pate JD and Spears JW, 2003. Effect of copper source and level on performance and copper status
of cattle consuming molasses-based supplements. Journal of Animal Science, 81, 1357-1362.

Aw-Yong LM, Sim JS and Bragg DB, 1983. Mineral availability of corn, barley, wheat, and triticale for the chick.
Poultry Science, 62, 659-664.

Ayyat MS, Marai IFM and Alazab A, 1995. Copper-protein nutrition of New Zealand white rabbits under Egyptian
conditions. World Rabbit Science, 3, 113-118.

Bakalli RI and Pesti GM, 1995. Dietary copper in excess of nutritional requirement reduces plasma and breast
muscle cholesterol of chickens. Poultry Science, 74, 360-365.

Baker D, 1999. Cupric oxide should not be used as a copper supplement for either animals or humans. Journal of
Nutrition, 129, 2278-2279.

Baker DH and Ammerman CB, 1995. Copper bioavailability. In: Ammerman CB, Baker DH and Lewis AJ (eds.).
Bioavailability of Nutrients for Animals: Amino Acids, Minerals, and Vitamins. Academic Press, Cambridge. pp.
127-156.

www.efsa.europa.eu/efsajournal 57 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Baker DH, Odle ], Funk MA and Wieland TM, 1991. Bioavailability of copper in cupric oxide, cuprous oxide and in a
copper-lysine complex. Poultry Science, 70, 177-179.

Baker-Austin C, Wright MS, Stepanauskas R and Mcarthur JV, 2006. Co-selection of antibiotic and metal resistance.
Trends in Microbiology, 14, 176-182.

Balevi T and Coskun B, 2004. Effects of dietary copper on production and egg cholesterol content in laying hens.
British Poultry Science, 45, 530-534.

Bao YM, Choct M, Iji PA and Bruerton K, 2007. Effect of organically complexed copper, iron, manganese, and zinc
on broiler performance, mineral excretion, and accumulation in tissues. Journal of Applied Poultry Research,
16, 448-455.

Barber RS, Braude R and Mitchell KG, 1955. Antibiotic and copper supplements for fattening pigs. British Journal
of Nutrition, 9, 378-381.

Bassuny SM, 1991. The effect of copper sulfate supplement on rabbit performance under Egyptian conditions.
Journal of Applied Rabbit Research, 14, 93-97.

Batal A and Dale N, 2008. Ingredients and byproducts. Feedstuffs Ingredient Analysis table. Feedstuffs, 10, 16.

Beleneva IA, Kukhlevsky AD, Kharchenko UV and Kovalchuk YL, 2011. Resistance to copper ions and antibiotics in
marine heterotrophic bacteria in the coastal waters of Vietnam. Russian Journal of Marine Biology, 37, 284-290.

Berg ], Thorsen MK, Holm PE, Jensen ], Nybroe O and Brandt KK, 2010. Cu exposure under field conditions
coselects for antibiotic resistance as determined by a novel cultivation-independent bacterial community
tolerance assay. Environmental Science and Technology, 44, 8724-8728.

Berntssen MHG, Hylland K, Wendelaar Bonga SE and Maage A, 1999a. Toxic levels of dietary copper in Atlantic
salmon (Salmo salar L.) parr. Aquatic Toxicology, 46, 87-99.

Berntssen MHG, Lundebye A-K and Maage A, 1999b. Effects of elevated dietary copper concentrations on growth,
feed utilisation and mineral status of Atlantic salmon (Salmo salar) fry. Aquaculture, 174, 167-181.

Berntssen MHG, Lundebye AK and Hamre K, 2000. Tissue lipid peroxidative responses in Atlantic salmon (Salmo
salar L.) parr fed high levels of dietary copper and cadmium. Fish Physiology and Biochemistry, 23, 35-48.

Bharadwaj AS, Patnaik S, Browdy CL and Lawrence AL, 2014. Comparative evaluation of an inorganic and a
commercial chelated copper source in Pacific white shrimp Litopenaeus vannamei (Boone) fed diets containing
phytic acid. Aquaculture, 422-423, 63-68.

Bidewell CA, David GP and Livesey CT, 2000. Copper toxicity in cattle. Veterinary Record, 147, 399-400.

Bidewell CA, Drew JR, Payne;JH, Sayers AR, Higgins RJ and Livesey CT, 2012. Case study of copper poisoning in a
British dairy herd/ Veterinary-Record,, 170, 464-469.

Bikker P, Jongbloed AW and JFhissen JTNM, 20123« Meta-analysis=of effects; ofs mierobjal sphytase on digestibility
and bioavailability of copperj/and zineth growing pigs. Journal of Animal'Science, 90/ 134=136.

Bikker P, van Diepen JTM, Binhendijk GP and Jongbloed AW, 2012b. Phytase inclusion in pig diets improves zinc
status but its effect on_copper availability is inconsistent. Journal of Animal Science, 90, 197-199.

Bikker P, vanBaal J, Binnendijk GP, van Diepen JThM, Troquet LMP and Jongbloed AW, 2015. Copper in diets for
weaned pigs. Influence of level and duration of copper supplementation. Livestock Research Report 830.
Wageningen UR Livestock Research. Available online: http://edepot.wur.nl/336471

Bikker P, Jongbloed A and Van Baal ], 2016 (in press). Dose-dependent effects of copper supplementation of
nursery diets on growth performance and fecal consistency in weaned pigs. Journal of Animal science
doi: 10.2527/jas.2015-9874

Binh CTT, Heuer H, Kaupenjohann M and Samlla K, 2008. Piggery manure used for soil fertilization is a reservoir
for transferable antibiotic resistance plasmids. Federation of European Microbiological Societies Microbiology
Ecology, 66, 25-37.

Blakley BR and Hamilton DL, 1985. Ceruloplasmin as an indicator of copper status in cattle and sheep. Canadian
Journal of Comparative Medicine, 49, 405-408.

Blanco-Penedo I, Shore RF, Miranda M, Benedito JL and Lépez-Alonso M, 2009. Factors affecting trace element
status in calves in NW Spain. Livestock Science, 123, 198-208.

Bradley BL, Graber G, Condon RJ and Frobish LT, 1983. Effects of graded levels of dietary copper on copper and
iron concentrations in swine tissues. Journal of Animal Science, 56, 625-630.

Brandt KK, Sjoholm OR, Krogh KA, Halling-Sorensen B and Nybroe O, 2009. Increased pollution-induced bacterial
community tolerance to sulfadiazine in soil hotspots amended with artificial root exudates. Environmental
Science and Technology, 43, 2963-2968.

Braude R, 1980. Twenty five years of widespread use of copper as an additive to diets of growing pigs.
Proceedings of the EEC Workshop organised by the Institut National de la Recherche Agronomique (INRA),
Station d’Agronomie, Bordeaux, France, and held at Bordeaux, October 8-10, 1980. In L'Hermite P,
Dehandshutter J (eds.). Copper in Animal Wastes and Sewage Sludge, Reidel Pub. Dordrecht, pp. 3-15.

Bremner I, 1991. Nutritional and physiological significance of MT. Methods in Enzymology, 205, 25-35.

Bremner I, 1998. Manifestations of copper excess. American Journal of Clinical Nutrition, 67, 1069S-1073S.

Bridges CH and Harris ED, 1988. Experimentally induced cartilaginous fractures (osteochondritis dissecans) in foals
fed low-copper diets. Journal of the American Veterinary Medical Association, 193, 215-221.

Bridges CH and Moffitt PG, 1990. Influence of variable content of dietary zinc on copper metabolism of weanling
foals. American Journal Veterinary Research, 51, 275-280.

www.efsa.europa.eu/efsajournal 58 EFSA Journal 2016;14(8):4563


http://edepot.wur.nl/336471
http://dx.doi.org/10.2527/jas.2015-9874

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Bridges CH, Womack JE and Harris ED, 1984. Considerations of copper metabolism in osteochondrosis of suckling
foals. Journal of the American Veterinary Medical Association, 185, 173-178.

Bunch R, Speer V, Hays V, Hawbaker J and Catron D, 1961. Effects of copper sulfate, copper oxide and
chlortetracycline on baby pigs performance. Journal of Animal Science, 20, 723-726.

Bunch RJ, McCall JT, Speer VC and Hays VW, 1965. Copper supplementation for weanling pigs. Journal of Animal
Science, 24, 995-1000.

Burridge L, Weis ]S, Cabello F, Pizarro J and Bostick K, 2010. Chemical use in salmon aquaculture: a review of
current practices and possible environmental effects. Aquaculture, 306, 7-23.

Campbell HA, Handy RD and Sims DW, 2002. Increased metabolic cost of swimming and consequent alterations to
circadian activity in rainbow trout (Oncorhynchus mykiss) exposed to dietary copper. Canadian Journal of
Fisheries and Aquatic Sciences, 59, 768-777.

Cano-Sancho G, Rovira ], Perelld G, Martorell I, Tous N, Nadal M and Domingo JL, 2014. Extensive Literature
Search on the bioavailability of selected trace elements in animal nutrition: incompatibilities and interactions.
External Scientific Report submitted to EFSA. Available online: http://www.efsa.europa.eu/en/supporting/pub/
565e.htm

Cao JJ, Miao X, Xu W, Li J, Zhang WB and Mai KS, 2014. Dietary copper requirements of juvenile large yellow
croaker Larimichthys croceus. Aquaculture, 432, 346-350.

Carbery JT, 1978. Osteodysgenesis in a foal associated with copper deficiency. New Zealand Veterinary Journal,
26, 279-280.

Carlson D, Beattie JH and Poulsen HD, 2007. Assessment of zinc and copper status in weaned piglets in relation to
dietary zinc and copper supply. Journal of Animal Physiology and Animal Nutrition, 91, 19-28.

Castell AG, Allen RD, Beames RM, Bell JM, Belzile R, Bowland JP, Elliot JI, Ihnat M, Larmond E, Mallard TM, Spurr
DT, Stothers SC, Wilton SB and Young LG, 1975. Copper supplementation of Canadian diets for growing-
finishing pigs. Canadian Journal of Animal Science, 55, 113-134.

Cavalcante SG, Ferreira WM, Valente SS, Santiago GS, Dias JCCA and Naranjo AP, 2002. Copper bioavailability
from different sources for rabbits. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, 54, 290-294.

Chen QL, Luo Z, Wu K, Huang C, Zhuo MQ, Song YF and Hu W, 2015a. Differential effects of dietary copper
deficiency and excess on lipid metabolism in yellow catfish Pelteobagrus fulvidraco. Comparative Biochemistry
and Physiology — Part B, 184, 19-28.

Chen QL, Luo Z, Liu CXand_Zheng JL, 2015b. Differential effects of dietary Cu deficiency and excess on carnitine
status, kinetics and~<expression of , CPT I ingliver and, muscle of yellow catfish Pelteobagrus fulvidraco.
Comparative Biochémistryvand Physiology,==Rart:Bp 188, 24-30;

Cheng J, Fan C, Zhang'W, Zhu/X;/YanX,\Wang|R land Jia /Z;=2008. Effects of \dietary, copper, source and level on
performance, carcass_chafacteristics and lipid metabolism in lambs. Asian-Australasian Journal of Animal
Sciences, 21, 685-691.

Cheng J, Fan C, Zhang W, Yan X, Wang L, Jia Z and Zhu X, 2010. Effects of dietary copper source and level on
metabolic hormones and lipogenic and lipolytic enzyme activities in lambs. Small Ruminant Research, 89, 12-17.

Chiou PWS, Chen CL, Chen KL and Wu CP, 1999. Effect of high dietary copper on the morphology of gastro-
intestinal tract in broiler chickens. Asian-Australasian Journal of Animal Sciences, 12, 548-553.

Christie P and Beattie JAM, 1989. Grassland soil microbial biomass and accumulation of potentially toxic metals
from long-term slurry application. Journal of Applied Ecology, 26, 597-612.

Christmas RB and Harms RH, 1979. The effect of supplemental copper and methionine on the performance of
turkey poults. Poultry Science, 58, 382-384.

Clearwater SJ, Farag AM and Meyer JS, 2002. Bioavailability and toxicity of dietborne copper and zinc to fish.
Comparative Biochemistry and Physiology — Part C, 132, 269-313.

Coffey RD, Cromwell GL and Monegue HJ, 1994. Efficacy of a copper-lysine complex as a growth-promotant for
weanling pigs. Journal of Animal Science, 72, 2880-2886.

Corbett WS, Saylor WW, Long TA and Leach RM, 1978. Intracellular distribution of hepatic copper in normal and
copper-loaded sheep. Journal of Animal Science, 47, 1174-1179.

Corpet DE, 2000. Mechanism of antimicrobial growth promoters used in animal feed. Revue de Médecine
Vétérinaire, 151, 99-104.

Correa LB, Zanetti MA, Del Claro GR, de Melo MP, Rosa AF and Netto AS, 2012. Effect of supplementation of two
sources and two levels of copper on lipid metabolism in Nellore beef cattle. Meat Science, 91, 466-471.

Correa LB, Zanetti MA, Del Claro GR, de Paiva FA, Silva SL and Netto AS, 2014. Effect of supplementation with two
sources and two levels of copper on meat lipid oxidation, meat colour and superoxide dismutase and
glutathione peroxidase enzyme activities in Nellore beef cattle. British Journal of Nutrition, 112, 1266-1273.

Cousins RJ, 1985. Absorption, transport, and hepatic metabolism of copper and zinc: special reference to MT and
ceruloplasmin. Physiological Reviews, 65, 238-309.

Cromwell GL, Hays VW and Clark DD, 1978. Effects of copper sulfate, copper sulfide and sodium sulfide on
performance and copper stores of pigs. Journal of Animal Science, 46, 692-698.

Cromwell G, Stahly T and Monegue H, 1989. Effects of source and level of copper on performance and liver
copper stores in weanling pigs. Journal of Animal Science, 67, 2996-3002.

www.efsa.europa.eu/efsajournal 59 EFSA Journal 2016;14(8):4563


http://www.efsa.europa.eu/en/supporting/pub/565e.htm
http://www.efsa.europa.eu/en/supporting/pub/565e.htm

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Cromwell GL, Monegue HJ and Stahly TS, 1993. Long-term effects of feeding a high copper diet to sows during
gestation and lactation. Journal of Animal Science, 71, 2996-3002.

Cromwell GL, Lindemann MD, Monegue HJ, Hall DD and Orr DE, 1998. Tribasic copper chloride and copper
sulphate as copper sources for weanling pigs. Journal of Animal Science, 76, 2118-2123.

Croubels S, Baert K, Torck T, Deprez P and DeBacker P, 2001. Chronic copper intoxication in veal calves. Vlaams
Diergeneeskundig Tijdschrift, 70, 142-146.

Cummins KA, Solaiman SG and Bergen WG, 2008. The effect of dietary copper supplementation on fatty acid
profile and oxidative stability of adipose depots in Boer x Spanish goats. Journal of Animal Science, 86,
390-396.

CVB Centraal Veevoederbureau, 2007. Livestock feed table (Veevoedertabel); Productschap Diervoeding, Lelystad,
The Netherlands.

CVB Centraal Veevoederbureau, 2009 Livestock feed table (Veevoedertabel); Productschap Diervoeding, Lelystad,
The Netherlands.

CVB Centraal Veevoederbureau, 2011. Livestock feed table (Veevoedertabel); Productschap Diervoeding, Lelystad,
The Netherlands.

Cymbaluk NF and Smart ME, 1993. A review of possible metabolic relationships of copper to equine bone diseases.
Equine Veterinary Journal, 16, 1926.

Damasceno FM, Fleuri LF, Sartori MMP, Amorim RL, Pezzato LE, da Silva RL, Carvalho PLPF and Barros MM, 2016.
Effect of dietary inorganic copper on growth performance and hematological profile of Nile tilapia subjected to
heat-induced stress. Aquaculture, 454, 257-264.

Dameron CT and Harrison MD, 1998. Mechanisms for protection against copper toxicity. American Journal of
Clinical Nutrition, 67, 10915-1097S.

Datta C, Mondal MK and Biswas P, 2007. Influence of dietary inorganic and organic form of copper salt on
performance, plasma lipids and nutrient utilization of Black Bengal (Capra hircus) goat kids. Animal Feed
Science and Technology, 135, 191-209.

Davis GK and Mertz W, 1987. Copper. In: Mertz W (ed.). Trace Elements in Human and Animal Nutrition. Vol 1.
Beltsville Human Nutrition Center, Academic Press Inc, Beltsville Maryland, Beltsville, MD. pp. 301-364.

Davis DA, Lawrence AL and Gatlin D, 1993. Dietary copper requirement of Penaeus vannamei. Nippon Suisan
Gakkaishi, 59, 117-122.

De Bie P, Muller P, Wijmenga~C and Klomp LWJ, 2007. Molecular pathogenesis of Wilson and Menkes Disease:
correlations of mutations with-molecular defects and,disease phenotypes. Journal of Medical Genetics, 44, 673-688.

De Lange C, Pluske ], Gong>d\and Nyachoti=€, 2010. Strategicsuse ofyfeed singredientssand feed additives to
stimulate gut healthy'and developmentiin young pigs. Livestock Salence,/134, 124-134.

De Niederhdausern S) Bordi/M; Anacarso I, Iseppi R, Sabia C, Bitonte F and Messi P, 2013. Antibiotics and heavy
metals resistance ahd-other”biological characters in enterococci isolated from surface water of Monte Cotugno
Lake (Italy). Journal of Environmental Science and Health Part A-Toxic/Hazardous Substances and
Environmental Engineering, 48, 939-946.

DeGoey LW, Wahlstrom RC and Emerick R], 1971. Studies of high level copper supplementation to rations for
growing swine. Journal of Animal Science, 33, 52-57.

Depledge MH, 1989. Re-evaluation of metabolic requirements for copper and zinc in decapod crustaceans. Marine
Environmental Research, 27, 115-126.

Deredjian A, Colinon C, Brothier E, Favre-Bonte S, Courmoyer B and Nazaret S, 2011. Antibiotic and metal
resistance among hospital and outdoor strains of Pseudomonas aeruginosa. Research in Microbiology, 162,
689-700.

DeRouchey J, Hancock ], Hines R, Maloney C, Lee D and Cao H, 2004. Effects of rancidity and free fatty acids in
choice white grease on growth performance and nutrient digestibility in weanling pigs. Journal of Animal
Science, 82, 2937-2944.

DIAS (Danish Institute of Agricultural Sciences), 2004. Beyond Antimicrobial Growth Promoters in Food Animal
Production. Working papers from the international symposium: Beyond Antimicrobial Growth Promoters in Food
Animal Production, Research Centre Foulum 6-7 November 2002. DIAS report Animal Husbandry no. 57.

Dias RS, Lopez S, Montanholi YR, Smith B, Haas LS, Miller SP and France ], 2014. A meta-analysis of the effects of
dietary copper, molybdenum, and sulfur on plasma and liver copper, weight gain, and feed conversion in
growing-finishing cattle. Journal of Animal Science, 91, 5714-5723.

Dibner J, Atwee C, Kitchell M, Shermer W and Ivey F, 1996. Feeding of oxidized fats to broiler and swine: effects
on enterocyte turnover, hepatocyte proliferation and the gut associated lymphoid tissue. Animal Feed Science
and Technology, 62, 1-13.

Dierick N and Decuypere ], 2002. Endogenous lipolysis in feedstuffs and compound feeds for pigs: effects of
storage time and conditions and lipase and/or emulsifier addition. Animal Feed Science and Technology, 102,
53-70.

Dierick N, Vervaeke ], Decuypere ] and Henderickx H, 1986. Influence of the gut flora and some growth
promoting feed additives on nitrogen metabolism in pigs. Livestock Production Science, 14, 177-193.

www.efsa.europa.eu/efsajournal 60 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Dierick N, Vervaeke J, Decuypere ], derVan Heyde H and Henderickx H, 1988. Correlation of ileal and fecal
digested protein and organic matter to production performance in growing pigs. Wissenschaftliche Zeitschrift
der Wilhelm_Pieck Universitat Rostock, 37, 50-51.

Dierick N, Decuypere J, Molly K, Van Beek E and Vanderbecke E, 2002a. The combined use of triacylglycerols
containing medium-chain fatty acids and exogenous lipolytic enzymes as an alternative for nutritional
antibiotics in piglet nutrition: I: in vitro screening of the release of MCFAs from selected fat sources by selected
exogenous lipolytic enzymes under simulated pig gastric conditions and their effects on the gut flora of piglets.
Livestock Production Science, 75, 129-142.

Dierick N, Decuypere ], Molly K, Van Beek E and Vanderbecke E, 2002b. The combined use of triacylglycerols
containing medium-chain fatty acids and exogenous lipolytic enzymes as an alternative for nutritional
antibiotics in piglet nutrition: II: in vivo release of MCFAs in gastric cannulated and slaughtered piglets by
endogenous and exogenous lipases: effects on the luminal gut flora and growth performance. Livest
Production Science, 76, 1-16.

Doong G, Keen C, Rogers QR, Morris JG and Rucker R, 1983. Selected features of copper metabolism in the cat.
Journal of Nutrition, 113, 1963-1971.

Du Z, Hemken RW and Harmon RJ, 1996. Copper metabolism of Holstein and Jersey cows and heifers fed diets
high in cupric sulfate or copper proteinate. Journal of Dairy Science, 79, 1873-1880.

Eamens GJ, Macadam JF and Laing EA, 1984. Skeletal abnormalities in young horses associated with zinc toxicity
and hypocuprosis. Australian Veterinary Journal, 91, 205-207.

ECHA (European Chemicals Agency), 2008. Voluntary risk assessment reports — Copper and Copper Compounds.
European Union Risk Assessment Report Voluntary risk assessment of copper, copper ii sulphate pentahydrate,
copper(i)oxide, copper(ii)oxide, dicopper chloride trihydroxide. Available online: http://echa.europa.eu/copper-
voluntary-risk-assessment-reports

EFSA (European Food Safety Authority), 2013. Conclusion on the peer review of the pesticide risk assessment of
confirmatory data submitted for the active substance Copper (I), copper (II) variants namely copper hydroxide,
copper oxychloride, tribasic copper sulfate, copper (I) oxide, Bordeaux. EFSA Journal 2013;11(6):3235, 40 pp.
doi:10.2903/j.efsa.2013.3235

EFSA (European Food Safety Authority), 2016. Report for 2014 on the results from the monitoring of veterinary
medicinal product residues and other substances in live animals and animal products. EFSA Supporting
publication 2016:EN-923.,70.pp. doi:10.2903/sp.efsa.2016.EN-923

EFSA FEEDAP Panel (EFSA/Panél 'on Additives and Products ar Substances used in, Animal Feed), 2005. Opinion of
the Scientific Panel on additives and’ produets orssubstances used'in animal feed (FEEDAR), on the safety of the
‘Chelated forms|ofiiren, €opper, manganese| and| zinc with, Synthetic feed|grade\glyCii€’, 6 pp. doi:10.2903/
j.efsa.2005.289

EFSA FEEDAP Panel (EFSA_Pan€l on Additives and Products or Substances used in Animal Feed), 2008. Safety and
efficacy of Mintrex®Cu (Copper chelate of hydroxy analogue of methionine) as feed additive for all species —
Scientific Opinion of the Panel on Additives and Products or Substances used in Animal Feed. 19 pp.
doi:10.2903/j.efsa.2008.693

EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2009. Scientific
Opinion on the safety of a copper chelate of hydroxy analogue of methionine (Mintrex®Cu) as feed additive for
all species. EFSA Journal 2009;7(11):1382, 14 pp. doi:10.2903/j.efsa.2009.1382

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2010. Scientific Opinion on principles
for deriving and applying Dietary Reference Values. EFSA Journal 2010; 8(3):1458, 30 pp. doi:10.2903/
j.efsa.2010.1458

EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2011. Scientific
Opinion on safety and efficacy of di copper chloride trihydroxide (tribasic copper chloride, TBCC) as feed
additive for all species. EFSA Journal 2011;9(9):2355, 18 pp. doi:10.2903/j.efsa.2011.2355

EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2012. Scientific
Opinion on the safety and efficacy of copper compounds (E4) as feed additives for all animal species: cupric
sulphate pentahydrate based on a dossier submitted by Manica S.p.A. EFSA Journal 2012;10(12):2969, 38 pp.
doi:10.2903/j.efsa.2012.2969

EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2013. Scientific
Opinion on the safety and efficacy of copper compounds (E4) as feed additives for all species: cupric chelate of
amino acids hydrate, based on a dossier submitted by Zinpro Animal Nutrition Inc. EFSA Journal 2013;
11(2):3107, 26 pp. doi:10.2903/j.efsa.2013.3107

EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2014. Scientific
Opinion on the potential reduction of the currently authorised maximum zinc content in complete feed. EFSA
Journal 2014;12(5):3668, 77 pp. doi:10.2903/j.efsa.2014.3668

EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2015. Scientific
Opinion on the safety and efficacy of copper compounds (E4) as feed additives for all animal species (cupric
acetate, monohydrate; basic cupric carbonate, monohydrate; cupric chloride, dihydrate; cupric oxide; cupric
sulphate, pentahydrate; cupric chelate of amino acids, hydrate; cupric chelate of glycine, hydrate), based on a
dossier submitted by FEFANA asbl. EFSA Journal 2015;13(4):4057, 51 pp. doi:10.2903/j.efsa.2015.4057

www.efsa.europa.eu/efsajournal 61 EFSA Journal 2016;14(8):4563


http://echa.europa.eu/copper-voluntary-risk-assessment-reports
http://echa.europa.eu/copper-voluntary-risk-assessment-reports
http://dx.doi.org/10.2903/j.efsa.2013.3235
http://dx.doi.org/10.2903/sp.efsa.2016.EN-923
http://dx.doi.org/10.2903/j.efsa.2005.289
http://dx.doi.org/10.2903/j.efsa.2005.289
http://dx.doi.org/10.2903/j.efsa.2008.693
http://dx.doi.org/10.2903/j.efsa.2009.1382
http://dx.doi.org/10.2903/j.efsa.2010.1458
http://dx.doi.org/10.2903/j.efsa.2010.1458
http://dx.doi.org/10.2903/j.efsa.2011.2355
http://dx.doi.org/10.2903/j.efsa.2012.2969
http://dx.doi.org/10.2903/j.efsa.2013.3107
http://dx.doi.org/10.2903/j.efsa.2014.3668
http://dx.doi.org/10.2903/j.efsa.2015.4057

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2016. Scientific
opinion on the safety and efficacy of dicopper oxide as feed additive for all animal species. EFSA Journal
2016;14(6):4509, 19 pp. doi:10.2903/j.efsa.2016.4509

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2015. Scientific Opinion on Dietary
Reference Values for copper. EFSA Journal 2015;13(10):4253, 51 pp. doi:10.2903/j.efsa.2015.4253

El Basuini MF, El-Hais AM, Dawood MAO, Abou-Zeid AE-S, El-Damrawy SZ, Khalafalla MME-S, Koshio S, Ishikawa M
and Dossou S, 2016. Effect of different levels of dietary copper nanoparticles and copper sulfate on growth
performance, blood biochemical profiles, antioxidant status and immune response of red sea bream (Pagrus
major). Aquaculture, 455, 32-40.

Ellingsen DG, Moller LB and Aaseth ], 2015. Copper. In: Nordberg GF, Fowler BA, Nordberg M. (eds.). Handbook on
the Toxicology of Metals. Vol II; Chapter 35. 4th Edition. Elsevier and Academic Press, Amsterdam. pp. 765-786.

Elliot JI and Amer MA, 1973. Influence of level of copper supplement and removal of supplemental copper from
the diet on the performance of growing finishing pigs and accumulation of copper in the liver. Canadian Journal
of Animal Science, 53, 133-138.

El-Serafy SS, Zowail ME, Abdel-Hameid NAH, Awwad MH and Nafie EHO, 2015. High dietborne Cu and Cd induced
genotoxicity of Nile tilapia (Oreochromis niloticus). Environmental Toxicology and Pharmacology, 39,
1139-1147.

Elvehjem CA and Hart EB, 1929. The relation of iron and copper to hemoglobin synthesis in the chick. Journal of
Biological Chemistry, 84, 131.

EMA (European Medicines Agency), 2016. European public MRL assessment report (EPMAR) Copper carbonate (all
food producing species). Available online: http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_
Residue_Limits_-_Report/2016/05/WC500207265.pdf

EMEA (European Agency for the Evaluation of Medicinal Products), 1998. Committee for veterinary medicinal
products (CVMP). EMEA (European Agency for the Evaluation of Medicinal Products), 1998. Committee for
Veterinary Medicinal Products. Copper chloride, Copper gluconate, Copper heptanoate, Copper oxide, Copper
methinonate, Copper sulphate and Dicopper oxide. Summary report. Available online: http://www.ema.europa.
eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500013010.pdf

Engberg R, Lauridsen C, Jensen S and Jakobsen K, 1996. Inclusion of oxidized vegetable oil in broiler diets. Its
influence on nutrient balance and on the antioxidative status of broilers. Poultry Science, 75, 1003-1011.

Engle TE, 2011. Copper-and lipid metabolism in beef cattle: a review. Journal of Animal Science, 89, 591-596.

Engle TE and Spears dW;2000a.\Effect, of dietary, copper concentration and, source on performance and copper
status of growing and finishing \steers, Jousnal ofi Animal Science;, 78524462451+

Engle TE and Spears™~3W, /2000b. [Dietary copper effectsion lipid metabolism,\ pefféfimance, and ruminal
fermentation in finishing/stéers. Journal of Animal Science, 78, 2452-2458.

Engle TE and Spears JW;-2001:"Performance, carcass characteristics, and lipid metabolism in growing and finishing
Simmental steers fed varying concentrations of copper. Journal of Animal Science, 79, 2920-2925.

Engle TE, Spears JW, Armstrong TA, Wright CL and Odle J, 2000a. Effects of dietary copper source and
concentration on carcass characteristics and lipid and cholesterol metabolism in growing and finishing steers.
Journal of Animal Science, 78, 1053-1059.

Engle TE, Spears JW, Xi L and Edens FW, 2000b. Dietary copper effects on lipid metabolism and circulating
catecholamine concentrations in finishing steers. Journal of Animal Science, 78, 2737-2744.

Engle TE, Spears JW, Fellner V and Odle J, 2000c. Effects of soybean oil and dietary copper on ruminal and tissue
lipid metabolism in finishing steers. Journal of Animal Science, 78, 2713-2721.

Engle TE, Fellner V and Spears JW, 2001. Copper status, serum cholesterol, and milk fatty acid profile in Holstein
cows fed varying concentrations of copper. Journal of Dairy Science, 84, 2308-2313.

Enjalbert F, Lebreton P and Salat O, 2006. Effects of copper, zinc and selenium status on performance and health
in commercial dairy herds: retrospective study. Journal of Animal Physiology and Animal Nutrition, 90, 459-466.

European Commission, 1981. Scientific Committee on Animal Nutrition (SCAN) delivered report on the use of copper
methionate for pigs, 7 October 1981. Available online: http://ec.europa.eu/food/fs/sc/oldcomm6/other/08_en.pdf

European Commission, 1982. Scientific Committee on Animal Nutrition (SCAN) delivered report on copper compounds
in feedingstuffs, 15 April 1982. Available online: http://ec.europa.eu/food/fs/sc/oldcomm6/other/06_en.pdf

European Commission, 1983. Scientific Committee on Animal Nutrition (SCAN) delivered report on copper
compounds in feedingstuffs for pigs, 1 June 1983. Available online: http://ec.europa.eu/food/fs/sc/oldcomm6/
other/07_en.pdf

European Commission, 2003. Scientific Committee on Animal Nutrition (SCAN) delivered report on the use of copper
in feedingstuffs, 19 February 2003. Available online: http://ec.europa.eu/food/fs/sc/scan/outl115_en.pdf

European Commission, 2009. Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR).
Assessment of the Antibiotic Resistance Effects of Biocides. Available online: http://ec.europa.eu/health/
ph_risk/committees/04_scenihr/docs/scenihr_o_021.pdf

European Commission, 2016. Directorate-General for Agriculture and Rural Development. Short-Term Outlook for
EU arable crops, dairy and meat markets in 2016 and 2017, Winter 2016. Available online: http://ec.europa.eu/
agriculture/markets-and-prices/short-term-outlook/pdf/2016-3_en.pdf

www.efsa.europa.eu/efsajournal 62 EFSA Journal 2016;14(8):4563


http://dx.doi.org/10.2903/j.efsa.2016.4509
http://dx.doi.org/10.2903/j.efsa.2015.4253
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2016/05/WC500207265.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2016/05/WC500207265.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500013010.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500013010.pdf
http://ec.europa.eu/food/fs/sc/oldcomm6/other/08_en.pdf
http://ec.europa.eu/food/fs/sc/oldcomm6/other/06_en.pdf
http://ec.europa.eu/food/fs/sc/oldcomm6/other/07_en.pdf
http://ec.europa.eu/food/fs/sc/oldcomm6/other/07_en.pdf
http://ec.europa.eu/food/fs/sc/scan/out115_en.pdf
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_021.pdf
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_021.pdf
http://ec.europa.eu/agriculture/markets-and-prices/short-term-outlook/pdf/2016-3_en.pdf
http://ec.europa.eu/agriculture/markets-and-prices/short-term-outlook/pdf/2016-3_en.pdf

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Ewing HP, Pesti GM, Bakalli RI and Menten JF, 1998. Studies on the feeding of cupric sulfate pentahydrate, cupric
citrate, and copper oxychloride to broiler chickens. Poultry Science, 77, 445-448.

Fagari-Nobijari H, Amanlou H and Deghan-Banadaky M, 2013. The use of copper supplementation to improve
growth performance and claw health in young Holstein bulls. Animal Feed Science and Technology, 15, 77-86.

Fascetti AJ, Morris JG and Rogers QR, 1998. Dietary copper influences reproductive efficiency of queens. Journal
of Nutrition, 128, 2590-2592.

Fascetti AJ, Rogers QR and Morris JG, 2000. Dietary copper influences reproduction in cats. Journal of Nutrition,
130, 1287-1290.

FEDIAF (European Pet Food Industry Federation), 2012. Nutritional guidelines for complete and complementary
pet food for cats and dogs. Brussels, Belgium.

FEFAC (European Feed Manufacturers’ Federation), 2016. Compound Feed Production 2014-2015 (updated 28
June 2016). Available online: http://www.fefac.eu/publications.aspx?CategoryID=2061&EntryID=10802

Fekete S, Gippert R, Hullar I and Szilagyi M, 1988. Effect of dietary copper sulfate concentration on digestion,
growth rate and some blood parameters of broiler rabbits. Proceedings of the 4th World Rabbit Congress
(Budapest, Hungary), 2, 198-205.

Fernandez-Calvino D and Baath E, 2013. Co-selection for antibiotic tolerance in Cu-polluted soil is detected at
higher Cu-concentrations than increased Cu-tolerance. Soil Biology and Biochemistry, 57, 953-956.

Fry R, Ashwell M, Lloyd K, O'Nan A, Flowers W, Stewart K and Spears J, 2012. Amount and source of copper
affects small intestine morphology, duodenal lipid peroxidation, hepatic oxidative stress and mRNA expression
of hepatic copper regulatory proteins in weanling pigs. Journal of Animal Science, 90, 3112-3119.

Fry RS, Spears JW, Lloyd KE, O'Nan AT and Ashwell MS, 2014. Effect of dietary copper and breed on gene
products involved in copper acquisition, distribution, and use in Angus and Simmental cows and fetuses.
Journal of Animal Science, 91, 861-871.

Fuller R, Newland LGM, Briggs CAE, Braude R and Mitchell KG, 1960. The normal intestinal flora of the pig. IV. The
effect of dietary supplements of penicillin, tetracycline or copper sulfate on the fecal flora. Journal of Applied
Microbiology, 23, 195-205.

Gallois M, Rothko H, Bailey M, Stokes C and Oswald I, 2009. Natural alternatives to in-feed antibiotics in pig
production: can immunomodulators play a role? Animal, 3, 1644-1661.

Gao P, He S, Huang S, Li K, Liu Z, Xue G and Sun W, 2015. Impacts of coexisting antibiotics, antibacterial
residues, and heavy-metals.on the occurrence of erythromycin resistance genes in urban wastewater. Applied
Microbiology and/Biotéchroloegy, 99, 3971-3980.

Garcia-Vaquero M, Miranda\M;1.0pez-Alohzo MmCastille C and\Benedito Jis; 2011« Evaluationsef the need of copper
supplementation in\intensively- reared-beef cattle. Livestoek'Science, 137, 273-277.

Garcia-Vaquero M, Benedita 3,- LOpez-Alonzo M and Miranda M, 2012. Histochemistry evaluation of the oxidative
stress and the antioxidant-status in Cu-supplemented cattle. Animal, 6, 1435-1443.

Gatlin DM III and Wilson RP, 1986. Dietary copper requirement of fingerling channel catfish. Aquaculture, 54, 277-285.

Genther ON and Hansen SL, 2015. The effect of trace mineral source and concentration on ruminal digestion and
mineral solubility. Journal of Dairy Science, 98, 566-573.

Georgescu B, 2014. Heavy metals in swine meat and manure. Porcine Research, 4, 15-18.

GfE (Gesellschaft fiir Ernahrungsphysiologie), 1989. Energie- und Nahrstoffbedarf Hunde. DLG Verlag, Frankfurt
am Main, Deutschland.

GfE (Gesellschaft fir Ernahrungsphysiologie), 1995. Empfehlungen zur Energie und Nahrstoffversorgung der
Mastrinder. DLG Verlag, Frankfurt am Main, Deutschland.

GfE (Gesellschaft flr Ernahrungsphysiologie), 1999. Empfehlungen zur Energie- und Nahrstoffversorgung der
Legehennen und Masthihner. DLG Verlag, Frankfurt am Main, Deutschland.

GfE (Gesellschaft fUr Ernahrungsphysiologie), 2001. Empfehlungen zur Energie und Nahrstoffversorgung der
Milchkiihe und Aiufzuchtrinder. DLG Verlag, Frankfurt am Main, Deutschland.

GfE (Gesellschaft fir Ernahrungsphysiologie), 2003. Empfehlungen zur Energie und Nahrstoffversorgung der
Ziegen. DLG Verlag, Frankfurt am Main, Deutschland.

GfE (Gesellschaft flr Ernahrungsphysiologie), 2004. Empfehlungen zur Energie- und Nahrstoffversorgung der
Mastputen. Proceedings of the Society of Nutrition Physiology, 13, 199-233.

GfE (Gesellschaft fur Ernahrungsphysiologie), 2008. Energy and Nutrient Requirements of Livestock, Nr. 11:
Recommendations for the Supply of Energy and Nutrients to Pigs. DLG Verlag, Frankfurt am Main,
Deutschland.

GfE (Gesellschaft flr Ernahrungsphysiologie), 2014. Empfehlungen zur Energie- und Nahrstoffversorgung der
Pferde, Nr. 12. DLG Verlag, Frankfurt am Main, Deutschland.

Gooneratne SR, Howell JMcC and Gawthorne JM, 1979. Intracellular distribution of copper in the liver of normal
and copper loaded sheep. Research in Veterinary Science, 27, 30-37.

Gooneratne SR, Symonds HW, Bailey JV and Christensen DA, 1994. Effects of dietary copper, molybdenum and
sulfur on biliary copper and zinc excretion in Simmental and Angus cattle. Canadian Journal of Animal Science,
74, 315-325.

Gould L and Kendall NR, 2011. Role of the rumen in copper thiomolybdate absorption. Nutrition Research Reviews,
24, 176-182.

www.efsa.europa.eu/efsajournal 63 EFSA Journal 2016;14(8):4563


http://www.fefac.eu/publications.aspx?CategoryID=2061&amp;EntryID=10802

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Graham CLG, 1977. Copper levels in livers of turkeys with naturally occurring aortic rupture. Avian Disease, 21,
113-116.

Greenwood NN and Earnshaw A, 1998. Copper, silver and gold. In: Chemistry of the Elements. Chapter 28. 2nd
Edition. Butterworth-Heinemann, Oxford (UK) and Waltham, Massachusetts (USA). pp. 1174-1200.

Grobner MA, Cheeke PR and Patton NM, 1986. Effect of dietary copper and oxytetracycline on growth and
mortality of weanling rabbits. Journal of Applied Rabbit Research, 9, 46-53.

Grosell M, 2012. Copper. In: Wood CM, Farrell AP and Brauner CJ (eds.). Homeostasis and Toxicology of Essential
Metals. Elsevier, Amsterdam. pp. 53-133.

Guglu BK, Kara K, Beyaz L, Uyanik F, Eren M and Atasever A, 2008. Influence of dietary copper proteinate on
performance, selected biochemical parameters, lipid peroxidation, liver, and egg copper content in laying hens.
Biological Trace Element Research, 125, 160-169.

Guo R, Henry PR, Holwerda RA, Cao J, Littell RC, Miles RD and Ammerman CB, 2001. Chemical characteristics and
relative bioavailability of supplemental organic copper sources for poultry. Journal of Animal Science, 79,
1132-1141.

Halls AE, 2010. Nutritional requirements for rabbits. Shur-Gain, Nutreco Canada Inc. Available online: http://
www.nutrecocanada.com/docs/shur-gain — specialty/nutritional-requirements-of-rabbits.pdf

Handy RD, 2004. Chronic effects of copper exposure versus endocrine toxicity: two sides of the same toxicological
process?. Comparative Biochemistry and Physiology, 135, 25-38.

Hansen V and Bresson S, 1975. Copper sulphate as a feed additive to bacon pigs. Acta Agriculturae Scandinavica
A, 25, 30-32.

Hansen SL and Spears JW, 2008. Impact of copper deficiency in the presence or absence of high dietary
manganese on iron status of cattle. Journal of Animal Science, 86, E-Suppl. 2/Journal of Dairy Science, 91,
E-Suppl. 1. Available online: http://www.jtmtg.org/JAM/2008/abstracts/0139.pdf

Hansen SL, Schlegel P, Legleiter LR, Lloyd KE and Spears JW, 2008. Bioavailability of copper from copper glycinate
in steers fed high dietary sulphur and molybdenum. Journal of Animal Science, 86, 173-179.

Hansen SL, Ashwell MS, Legleiter LR, Fry RS, Lloyd KE and Spears JW, 2009. The addition of high manganese to a
copper-deficient diet further depresses copper status and growth of cattle. British Journal of Nutrition, 101,
1068-1078.

Hansen SL, Trakoljul N, Liu HCS, Hicks JA, Ashwell MS and Spears JW, 2010. Proteins involved in iron metabolism
in beef cattle are affected by copper deficiency in combination with high dietary manganese, but not by copper
deficiency alone. Jdourfal.ofAnimal Science, 88,,275-283.

Harris DJ, Cheeke PR>angd, Patton NM,\ 1984w Effect of supplementalsecoppers onypostweaning performance of
rabbits. Journal of Applied’Rabbit Research, 7, 10-12.

Haywood S, Rutgers\HG<and-~Christian MK, 1988. Hepatitis and copper accumulation in Skye terriers. Veterinary
Pathology, 25, 408-414.

Haywood S, Mdller T, Muller W, Heinz-Erian P, Tanner MS and Ross G, 2001. Copper-associated liver disease in
North Ronaldsay sheep: a possible animal model for non-Wilsonian hepatic copper toxicosis of infancy and
childhood. The Journal of Pathology, 195, 264-269.

Haywood S, Muller T, Mackenzie AM, Muller W, Tanner MS, Heinz-Erian P, Williams CL and Loughran MJ, 2004.
Copper-induced hepatotoxicosis with hepatic stellate cell activation and severe fibrosis in north Ronaldsay
lambs: a model for non-Wilsonian hepatic copper toxicosis of infants. Journal of Comparative Pathology, 130,
266-277.

He LY, Liu YS, Su HC, Zhao IL, Liu SS, Chen J, Liu WR and Ying GG, 2014. Dissemination of antibiotic resistance
genes in representative broiler feedlots environments: identification of indicator ARGs and correlations with
environmental variables. Environmental Science and Technology, 48, 13120-13129.

Heck K, De Marco EG, Duarte MW, Salomoni SP and Van Der Sand S, 2015. Pattern of multiresistant to
antimicrobials and heavy metal tolerance in bacteria isolated from sewage sludge samples from a composting
process at a recycling plant in southern Brazil. Environmental Monitoring and Assessment, 187, 328.

Henderickx HK, Vervaeke 1], Decuypere JA and Dierick NA, 1980. Effect of growth promoting agents on the
intestinal gut flora. Fortschritte der Vetererinarmedizin, 33, 56-63.

Heo JM, Opapeju FO, Pluske JR, Kim JC, Hampson DJ and Nyachoti CM, 2013. Gastrointestinal health and function
in weaned pigs: a review of feeding strategies to control post-weaning diarrhoea without using in-feed
antimicrobial compounds. Journal of Animal Physiology and Animal Nutrition, 97, 207-237.

Herdt TH and Hoff B, 2011. The use of blood analysis to evaluate trace mineral status in ruminant livestock.
Veterinary Clinics: Food Animal Practice, 27, 255-283.

Hernandez A, Pluske ], D’Souza D and Mullan B, 2008. Levels of copper and zinc in diets for growing and finishing
pigs can be reduced without detrimental effects on production and mineral status. Animal, 2, 1763-1771.

Heuer H, Focks A, Lamshoeft M, Smalla K, Matthies M and Spiteller M, 2008. Fate of sulfadiazine administered to
pigs and its quantitative effect on the dynamics of bacterial resistance genes in manure and manured soil. Soil
Biology and Biochemistry, 40, 1892-1900.

Hill CH and Matrone G, 1961. Studies on copper and iron deficiencies in growing chickens. Journal of Nutrition, 73,
425-431.

www.efsa.europa.eu/efsajournal 64 EFSA Journal 2016;14(8):4563


http://www.nutrecocanada.com/docs/shur-gain%c2%a0%e2%80%93%c2%a0specialty/nutritional-requirements-of-rabbits.pdf
http://www.nutrecocanada.com/docs/shur-gain%c2%a0%e2%80%93%c2%a0specialty/nutritional-requirements-of-rabbits.pdf
http://www.nutrecocanada.com/docs/shur-gain%c2%a0%e2%80%93%c2%a0specialty/nutritional-requirements-of-rabbits.pdf
http://www.jtmtg.org/JAM/2008/abstracts/0139.pdf

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Hill GM, Cromwell GL, Crenshaw TD, Dove CR, Ewan RC, Knabe DA, Lewis AJ, Libal GW, Mahan DC, Shurson GC,
Southern LL and Veum TL, 2000. Growth promotion effects and plasma changes from feeding high dietary
concentrations of zinc and copper to weanling pigs (regional study). Journal of Animal Science, 78, 1010-1016.

Hoffmann G, Jones PG, van Den Ingh TSGAM, Bode P and Rothuizen J, 2006. Double-blind, placebo-controlled
treatment with D-Penicillamine against hepatic copper accumulation in Labrador Retrievers. In 24th Annual
American College of Veterinary Internal Medicine Forum, 9, 1-3.

Hogan JP, Connell PJ and Mills SC, 1972. The digestion of safflower-oil casein particles protected against ruminal
hydrogenation in sheep. Australian Journal of Agricultural Research, 23, 87-95.

Hooge D, Steward D and McNaughton L, 2000. Improved stabilities of vitamin A, D3, E and riboflavin with tribasic
copper chloride (TBCC.) compared to copper sulfatepentahydrate in crumbled broiler starter feed. Poultry
Science, 79(Suppl. 1), 43-44.

Howell JMcC and Gooneratne RS, 1987. The pathology of copper toxicity in animals. In: Howell JMcC, Gawthorne
JM (eds.). Copper in Animals and Man, vol. II. CRC Press, Boca Raton, FL. pp. 53-78.

Hoyle I, Shaw BJ and Handy RD, 2007. Dietary copper exposure in the African walking catfish, Clarias gariepinus:
transient osmoregulatory disturbances and oxidative stress. Aquatic Toxicology, 83, 62-72.

Huang YL, Wang Y, Spears WJ, Lin X and Guo CH, 2013. Effect of copper on performance, carcass characteristics,
and muscle fatty acid composition of meat goat kids. Journal of Animal Science, 91, 5004-5010.

Huang YL, Wang Y, Lin X and Guo CH, 2014. Effects of supplemental copper on the serum lipid profile, meat
quality, and carcass composition of goat kids. Biological Trace Element Research, 159, 140-146.

Hurtig MB, Green SL, Dobson H, Mikuni-Takagaki Y and Choi J, 1993. Correlative study of defective cartilage and
bone growth in foals fed a low-copper diet. Equine Veterinary Journal, 16, 66-73.

Hyun C and Filippich L], 2004. Inherited copper toxicosis with emphasis on copper toxicosis in Bedlington terriers.
Journal of Experimental Animal Science, 43, 39-64.

IFZZ (Instytut Fizjologii I Zywienia Zwierzat), 2005. Poultry nutrition standards. Dietary advice and nutritional value
of feed S Rutkowski A (ed.). Wartos¢ pokarmowa pasz. IFZZ PAN Jablonna, Omnitech Press, Warszawa,
Poland.

INRA (Institut National de la Recherche Agronomique), 1989. L” alimentation des animaux monogastriques: porc,
lapin, volailles; 2nd Edition. Paris, France.

INRA (Institut National de la Recherche Agronomique), 2004. Tables of composition and nutritional value of feed
materials. Wageningen Academic Publishers, The Netherlands & INRA, Paris, France.

INRA (Institut National-de la~Recherche Agronomique), 2012. Nutrition et alimentation des chevaux: Nouvelles
recommandations glimeptaires \INRA:\ In:pMartin=Rosset WA (eds)s QUAE' Editions,3C/Qr INRA, Versailles, France,
624 pp.

Jackson N and Stevenson:MH; 1981. A study of the effects of dietary added cupric oxide on the laying, domestic
fowl and a comparisen-with the effects of hydrated copper sulfate. British Journal of Nutrition, 45, 99-110.
Jackson N, Stevenson MH and Kirkpatrick GM, 1979. Effects of the protracted feeding of copper sulfate-
supplemented diets to laying, domestic fowl on egg production and on specific tissues, with special reference

to mineral content. British Journal of Nutrition, 42, 253-266.

Jancikova P, Horky P and Zeman L, 2012. The effect of various copper sources on the trace elements profile in
the hair, plasma and faeces and copper activity in the organism of horses. Acta Universitatis Agriculturae et
Silviculturae Mendelianae Brunensis, 18, 145-152.

Jechalke S, Broszat M, Lang F, Siebe C, Smalla K and Grohmann E, 2015. Effects of 100 years wastewater
irrigation on resistance genes, class 1 integrons and IncP-1 plasmids in Mexican soil. Frontiers in Microbiology,
6, 163.

Jegede A, Uduguwa O, Bamgbose A, Fanimo A and Nollet L, 2011. Growth response, blood characteristics and
copper accumulation in organs of broilers fed on diets supplemented with organic and inorganic copper
sources. British Poultry Science, 52, 133-139.

Jenkins NK, Morris TR and Valamotis D, 1970. The effect of diet and copper supplementation on chick growth.
British Poultry Science, 11, 241-248.

Jensen BB, 1998. The impact of feed additives on the microbial ecology of the gut in young pigs. Journal of
Animal and Feed Sciences, 7, 45-64.

Jensen BB, 2016. Extensive Literature Search on the “Effects of Copper intake levels in the gut microbiota profile
of target animals, in particular piglet”. EFSA supporting publication 2016:EN-1024. 68 pp. Available online:
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/1024e.pdf

Jondreville C, Révy P, Jaffrezic A and Dourmad JY, 2002. Le cuivre dans l'alimentation du Porc: oligoélément
essentiel, facteur de croissance et risque potentiel pour I'homme et I'environnement. INRA Production Animal,
15, 24-265.

Jongbloed AW, Kemme PA, De Groote G, Lippens M and Meschy F, 2002. Bioavailability of major and trace
minerals. EMFEMA (International Association of the European Manufacturers of Major Trace and Specific Feed
Mineral Materials), Brussels, Belgium.

Jongbloed AW, Bikker P and Thissen J, 2011. Dose-response relationships between dietary copper level and
growth performance in piglets and growing-finishing pigs and effect of withdrawal of a high copper level on
subsequent growth performance. Lelystad Report 483. Wageningen, The Netherlands. p. 18.

www.efsa.europa.eu/efsajournal 65 EFSA Journal 2016;14(8):4563


http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/1024e.pdf

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Jongbloed AW and Thissen JTNM, 2010. Meta analysis on quantification of the effect of microbial phytase on the
availability of copper and zinc in growing pigs and broilers. Internal Report 201003. Wageningen UR Livestock
Research, Wageningen, the Netherlands.

Joshi BH and Modi KG, 2013. Screening and characterization of heavy metal resistant bacteria for its prospects in
bioremediation of contaminated soil. Journal of Environmental Research and Development, 7, 1531-1538.

Julshamn K, Andersen KJ, Ringdal O and Brenna ], 1988. Effect of dietary copper and zinc in the rainbow trout
(Salmo gairdneri). Aquaculture, 73, 143-155.

Kabada-Pendias A, 2011. Trace elements in soils and plants. CRC Press, London. 505 pp.

Kacar A and Kocyigit A, 2013. Characterization of heavy metal and antibiotic resistant bacteria isolated from Aliaga
Ship Dismantling Zone, Eastern Aegean Sea, Turkey. International Journal of Environmental Research, 7, 895-902.

Kamphues J, Dohm A, Zimmerman J and Wolf P, 2014. Schwefel-und Sulfat-gehalte in Futtermitteln-noch oder
wieder von Interesse ? Ubersichte der Tierernahrung, 42, 81-139.

Kamunde C, Grosell M, Higgs D and Wood CM, 2002. Copper metabolism in actively growing rainbow trout
(Oncorhynchus mykiss): interactions between dietary and waterborne copper uptake. Journal of Experimental
Biology, 205, 279.

Kaur M, Gupte S and Kaur T, 2015. Role of genes in reversing antibiotic resistance. Journal of Tropical Diseases, 4,
1-2.

Kaya A, Altiner A and Ozpinar A, 2006. Effect of copper deficiency on blood lipid profile and haematological
parameters in broilers. Veterinary Medicine, 53, 399-404.

Kerr B, Kellner T and Shurson G, 2015. Characteristics of lipids and their feeding value in swine diets. Journal of
Animal Science and Biotechnology, 6, 30-53.

Kellog TF, Hays VW, Catron DV, Quinn LY and Speer VC, 1964. Effect of dietary chemotherapeutics on the
performance and fecal flora of baby pigs. Journal of Animal Science 25, 1102-1106.

Kies A, Kemme P, Sebek L, Van Diepen ] and Jongbloed A, 2006. Effect of graded doses and a high dose of
microbial phytase on the digestibility of various minerals in weaner pigs. Journal of Animal Science, 84,
1169-1175.

Kil D and Stein H, 2010. Invited review: management and feeding strategies to ameliorate the impact of removing
antibiotic growth promoters from diets fed to weanling pigs. Canadian Journal of Animal Science, 90, 447-460.

Kilpatrick S, Jacinto A, Foale RD, Tappin SW, Burton C, Frowde PE, Elwood CM, Powell R, Duncan A, Mellanby RJ]
and Gow AG, 2014-Whote-blood manganese concentrations in dogs with primary hepatitis. Journal of Small
Animal Practice, 55;,241-246.

Kim SG and Kang'!JC,)2004./Effect of\ dietary Cepper exposures0naccumulation, growth and hematological
parameters of the juvenile“rockfish, Sebastes schlegeli. Marine Environmental Research,’58, 65-82.

Kim JW and Kil DY, 2045«<Determination of relative bioavailability of copper in tribasic copper chloride to copper in
copper sulfate for breiler-ehickens based on liver and feather copper concentrations. Animal Feed Science and
Technology, 210, 138-143.

King JOL, 1975. The feeding of copper sulfate to growing rabbits. British Veterinary Journal, 131, 70-75.

Kline RD, Hays VW and Cromwell GL, 1971. Effects of copper, molybdenum and sulfate on performance,
hematology and copper stores of pigs and lambs. Journal of Animal Science, 33, 771-779.

Knapp CW, Dolfing J, Ehlert PAI and Graham DW, 2010. Evidence of increasing antibiotic resistance gene
abundances in archived soils since 1940. Environmental Science and Technology, 44, 580-587.

Knapp CW, McCluskey SM, Singh BK, Campbell CD, Hudson G and Graham DW, 2011. Antibiotic resistance gene
abundances correlate with metal and geochemical conditions in archived Scottish soils. Public Library of
Science One, 6, 1-6.

Kong YQ, Ding ZL, Du ZY, Sun SM, Wang LG, Li EC and Chen LQ, 2014. Dietary copper requirement of juvenile
oriental river prawn Macrobrachium nipponense, and its effects on growth, antioxidant activities, and resistance
to Aeromonas hydrophila. Israeli Journal of Aquaculture, 66 pp.

Konjufca VH, Pesti GM and Bakalli RI, 1997. Modulation of cholesterol levels in broiler meat by dietary garlic and
copper. Poultry Science, 76, 1264-1271.

Krishna MP, Varghese R and Hatha Abdulla M, 2012. Heavy metal tolerance and multiple drug resistance of
heterotrophic bacterial isolates from metal contaminated soil. The South Pacific Journal of Natural and Applied
Sciences, 30, 58-64.

Kuhlman G and Rompala RE, 1988. The influence of dietary sources of zinc, copper and manganese on canine
reproductive performance and hair mineral content. Journal of Nutrition, 128, 2603-2605.

Kumar V, Sinha AK, Makkar HPS and Becker K, 2010. Dietary roles of phytate and phytase in human nutrition: a
review. Food Chemistry, 120, 945-959.

Lall SP, 2002. The minerals. In: Halver JE and Hardy RW (eds.). Fish Nutrition, 3rd Edition. Academic Press,
London. pp. 259-308.

Lanno RP, Slinger SJ and Hilton JW, 1985. Maximum tolerable and toxicity levels of dietary copper in rainbow trout
(Salmo gairdneri, Richardson). Aquaculture, 49, 257-268.

Lauridsen CL, Hgjsgaard S and Sgrensen MT, 1999. Influence of dietary rapeseed oil, vitamin E, and copper on the
performance and the antioxidative status of pigs. Journal of Animal Science, 77, 906-916.

www.efsa.europa.eu/efsajournal 66 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Laven RA, Livesey CT, Offer NW and Fountain D, 2004. Apparent subclinical hepatopathy due to excess copper
intake in lactating Holstein cattle. Veterinary Record, 155, 120-121.

Leberl P, Kiefer S and Schenkel H, 2005. Comparison of composition of grass silages in Baden-Wuerttenberg
(Germany) between 1995-2004 (in German). Proceedings 14th Conference on Nutrition of Farm Animals,
Zadravec-Erjavec, Slowenien 14.-15.11.2005, pp. 126-132.

Ledoux D, Henry P, Ammerman C, Rao P and Miles R, 1991. Estimation of the relative bioavailability of inorganic
copper sources for chicks using tissue uptake of copper. Journal of Animal Science, 69, 215-222.

Ledoux DR, Pott EB, Henry PR, Ammerman CB, Merritt AM and Madison JB, 1995. Estimation of the relative
bioavailability of inorganic copper sources for sheep. Nutrition Research, 15, 1803-1813.

Lee MH and Shiau SY, 2002. Dietary copper requirement of juvenile grass shrimp, Penaeus monodon, and effects
on non-specific immune responses. Fish and Shellfish Immunology, 13, 259-270.

Leeson S, 2009. Copper metabolism and dietary needs. World’s Poultry Science Journal, 65, 353-366.

Leeson S and Summers 1D, 2005. Commercial Poultry Nutrition. Publ Univ Books, Guelph, ON.

Leeson S, Zubair AK, Squires EJ and Forsberg C, 1997. Influence of dietary levels of fat, fiber, and copper sulfate
and fat rancidity on cecal activity in the growing turkey. Poultry Science, 76, 59-66.

Legleiter LR and Spears JW, 2007. Plasma diamine oxidase: a biomarker of copper deficiency in the bovine.
Journal of Animal Science, 85, 2198-2204.

Legleiter LR, Spears JW and Liu HC, 2008. Copper deficiency in the young bovine results in dramatic decreases in
brain copper concentration but does not alter brain prion protein biology. Journal of Animal Science, 86,
3069-3078.

Li J, Yan L, Zheng X, Liu G, Zhang N and Wang Z, 2008. Effect if high dietary copper on weight gain and
neuropeptide Y level in the hypothalamus of pigs. Journal of Trace Elements in Medicine and Biology, 22,
33-38.

Lien TF, Chen KL, Wu CP and Lu JJ, 2004. Effects of supplemental copper and chromium on the serum and egg
traits of laying hens. British Poultry Science, 45, 535-539.

Lim KS, You SJ, An BK and Kang CW, 2006. Effects of dietary garlic powder and copper on cholesterol content and
quality characteristics of chicken eggs. Asian-Australasian Journal of Animal Sciences, 19, 582-586.

Lin YH and Shiau SY, 2007. The effects of dietary selenium on the oxidative stress of grouper, Epinephelus
malabaricus, fed high copper. Aquaculture, 267, 38-43.

Lin YH, Shie YY and Shigu,SY;~2008. Dietary copper requirements of juvenile grouper, Epinephelus malabaricus.
Aquaculture, 274/ 161165

Lin YH, Shih CC, Kent/MAand)Shiau SY, 2040. Dietary coppergsrequirement reevaluationsfor juvenile grouper,
Epinephelus malabaticus, with-an grganic copper source,Aquaculture, 310, 173-177

Littledike ET and Young“kD/¥993. Effect of sire and dam breed on copper status of fat lambs. Journal of Animal
Science, 71, 774-778-

Liu FD, Liang F, Sun H and Lan X, 1990. Effects of copper on the prawn Penaeus orientalis. Oceanologia et
Limnologia Sinica, 21, 404-410.

Liu Z, Bryant M and Roland DA Sr, 2005. Layer performance and phytase retention as influenced by copper sulfate
pentahydrate and tribasic copper chloride. Journal of Applied Poultry Research, 14, 499-505.

LiuS, Lu L, Li S, Xie J, Zhang L, Wang R and Luo X, 2012. Copper in organic proteinate or inorganic sulfate form
is equally bioavailable for broiler chicks fed a conventional corn-soybean meal diet. Biological Trace Element
Research, 147, 142-148.

Liu Y, Ma Y, Zhao ], Vazquez-Anon M and Stein H, 2014a. Digestibility of zinc, copper, manganese, iron, calcium
and phosphorus in pigs fed diets containing inorganic or organic minerals. Journal of Animal Science, 92,
3407-3415.

Liu P, Chen C, Kerr B, Weber T, Johnston L and Shurson G, 2014b. Influence of thermally-oxidized vegetable oils
and animal fats on energy and nutrient digestibility in young pigs. Journal of Animal Science, 92, 2971-2979.

Lo Giudice A, Casella P, Bruni V and Michaud L, 2013. Response of bacterial isolates from Antarctic shallow
sediments towards heavy metals, antibiotics and polychlorinated biphenyls. Ecotoxicology, 22, 240-250.

Lopez Alonso M, Benedito JL, Miranda M, Castillo C, Hernandez J and Shore RF, 2000. The effect of pig farming on
copper and zinc accumulation in cattle in Galicia (North-Western Spain). Veterinary Journal, 160, 259-266.

Lopez-Alonso M, 2012. Trace minerals and livestock: not too much not too little.ISRN Veterinary Science, 2012,
Article ID 704825, 18 pp. doi: 10.5402/2012/704825

Lopez-Alonso M, Prieto F, Miranda M, Castillo C, Hernandez J and Benedito JL, 2005a. The role of MT and zinc in
hepatic copper accumulation in cattle. Veterinary Journal, 169, 262-267.

Lopez-Alonso M, Prieto F, Miranda M, Castillo C, Herndndez JR and Benedito JL, 2005b. Intracellular distribution of
copper and zinc in the liver of copper-exposed cattle from northwest Spain. The Veterinary Journal, 170,
332-338.

Lopez-Alonso M, Crespo A, Miranda M, Castillo C, Hernandez J and Benedito JL, 2006. Assessment of some blood
parameters as potential markers of hepatic copper accumulation in cattle. Journal of Veterinary Diagnostic
Investigation, 18, 71-75.

Lorentzen M, Maage A and Julshamn K, 1998. Supplementing copper to a fish meal based diet fed to Atlantic
salmon parr affects liver copper and selenium concentrations. Aquaculture Nutrition, 4, 67-72.

www.efsa.europa.eu/efsajournal 67 EFSA Journal 2016;14(8):4563


http://dx.doi.org/10.5402/2012/704825

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Lu L, Wang RL, Zhang ZJ, Steward FA, Luo X and Liu B, 2010. Effect of dietary supplementation with copper
sulfate or tribasic copper chloride on the growth performance, liver copper concentrations of broilers fed in
floor pens, and stabilities of vitamin E and phytase in feeds. Biological Trace Element Research, 138, 181-189.

Lucas IAM and Calder AFC, 1957. A comparison of five levels of copper sulphate in rations for growing pigs. The
Proceedings of the Nutrition Society 16, i-ii.

Luo XG, Ji F, Lin YX, Steward FA, Lu L, Liu B and Yu SX, 2005. Effects of dietary supplementation with copper
sulfate or tribasic copper chloride on broiler performance, relative copper bioavailability and oxidation stability
of Vitamin E in feed. Poultry Science, 84, 888-893.

Ma YL, Zanton GI, Zhao ], Wedekind K, Escobar J and Vazquez-Anon M, 2015. Multitrial analysis of the effects of
copper level and source on performance in nursery pigs. Journal of Animal Science, 93, 606-614.

Madrid J, Martinez S, Lépez C and Hernandez F, 2013. Effect of phytase on nutrient digestibility, mineral utilization
and performance in growing pigs. Livestock Science, 154, 144-151.

Madsen A, Mortensen HP and Sggaard A, 1982. Copper sulphate for bacon pigs. Report no. 529, pp. 1-24.
National Institute of Animal Science, Copenhagen, Denmark.

Malik A and Aleem A, 2011. Incidence of metal and antibiotic resistance in Pseudomonas spp. from the river water,
agricultural soil irrigated with wastewater and groundwater. Environmental Monitoring and Assessment, 178,
293-308.

Malinak CM, Hofacre CC, Collett SR, Shivaprasad HL, Williams SM, Sellers HS, Myers E, Wang YT and Franca M,
2014. Tribasic copper chloride toxicosis in commercial broiler chicks. Avian Diseases, 58, 642-649.

Mandigers PJ, van den Ingh TS, Spee B, Penning LC, Bode P and Rothuizen J, 2004. Chronic hepatitis in
Doberman pinschers. A review. The Veterinary Quarterly, 26, 98-106.

Martinez JL, 2009. The role of natural environments in the evolution of resistance traits in pathogenic bacteria.
Proceedings of the Royal Society of London, Series B, 276, 2521-2530.

Martins VV, Zanetti MO, Pitondo-Silva A and Stehling EG, 2014. Aquatic environments polluted with antibiotics and
heavy metals: a human health hazard. Environmental Science and Pollution Research International, 21, 5873-5878.

Mateos GG, Rebollar PG and de Blas C, 2010. Minerals, vitamins and additives. In: de Blas C and Wiseman J
(eds.). Nutrition of the Rabbit, 2nd Edition. CABI Publishing, Wallingford. pp. 119-150.

Mathiyazhagan N and Natarajan D, 2012. Impact of mine waste dumps on growth and biomass of economically
important crops. Journal of Environmental Biology, 33, 1069-1074.

McNaughton JF, Day EJ; Dilworth BC and Lott BD, 1974. Iron and copper availability from various sources. Poultry
Science, 53, 1325-1330.

Miles RD, O’Keefe SF,[HenkyPR, AmmermansEB and; Luo XG, 1998. The effect ofydietapmsupplementation with
copper sulfate ar tribasic/copper ghlaride on broiler performance, relative! copper/ bioaVailability, and dietary
proxidant activity: Poultry-Science, 77, 416-425.

Miles RD, Henry PR, Sampath-VC, Shivarzad M and Comer CW, 2003. Relative bioavailability of novel amino acid
chelates of manganese and copper for chicks. Journal of Applied Poultry Research, 12, 417-423.

Miranda M, Gutiérrez B, Benedito JL, Blanco-Penedo I, Garcia-Vaquero M and Lopez-Alonzo M, 2010. Influence of
breed on blood and tissue copper status in growing and finishing steers fed diets supplemented with copper.
Archives of Animal Nutrition, 64, 98-110.

Mohseni M, Pourkazemi M and Bai SC, 2014. Effects of dietary inorganic copper on growth performance and
immune responses of juvenile beluga, Huso huso. Aquaculture Nutrition, 20, 547-556.

Mondal MK, Biswas P, Roy B and Mazumdar D, 2007a. Effect of copper sources and levels on serum lipid profiles in
Black Bengal (Capra hircus) kids. Small Ruminant Research, 67, 28-35.

Mondal MK, Das TK, Biswas P, Samanta CC and Bairagi B, 2007b. Influence of dietary inorganic and organic
copper salt and level of soybean oil on plasma lipids, metabolites and mineral balance of broiler chickens.
Animal Feed Science and Technology, 139, 212-233.

Monteiro SC, Lofts S and Boxall ABA, 2010. Pre-assessment of environmental impact of zinc and copper used in
animal nutrition. Scientific/Technical Report submitted to EFSA. Available online: http://www.efsa.europa.eu/
sites/default/files/scientific_output/files/main_documents/74e.pdf

Morales MS, Palmquist DL and Weiss WP, 2000. Effects of fat source and copper on unsaturation of blood and milk
triacylglycerol fatty acids in Holstein and Jersey cows. Journal of Dairy Science, 83, 2105-2111.

Morris R and Ellis EN, 1989. Usefulness of the dietary phytic acid/zinc molar ration as an index of zinc
bioavailability to rats and humans. Biological Trace Element Research, 19, 107-117.

MTT (Maa- ja elintarviketalouden tutkimuskeskus), 2013. Available online: https://portal.mtt.fi/portal/page/portal/
Rehutaulukot/feed_tables_english/nutrient_requirements

Mullis LA, Spears JW and McCraw RL, 2003. Estimated copper requirements of Angus and Simmental heifers.
Journal of Animal Science, 81, 865-873.

Muralisankar T, Bhavan PS, Srinivasan V, Radhakrishnan S, Seenivasan C and Manickam N, 2015. Effects of dietary
copper on the growth physiology and biochemistry of the freshwater prawn Macrobrachium rosenbergii post
larvae. International Journal of Pure and Applied Bioscience, 3, 509-518.

Muralisankar T, Bhavan PS, Subramanian Radhakrishnan S, Seenivasan C and Srinivasan V, 2016. The effect of
copper nanoparticles supplementation on freshwater prawn Macrobrachium rosenbergii post larvae. Journal of
Trace Elements in Medicine and Biology, 34, 39-49.

www.efsa.europa.eu/efsajournal 68 EFSA Journal 2016;14(8):4563


http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/74e.pdf
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/74e.pdf
https://portal.mtt.fi/portal/page/portal/Rehutaulukot/feed_tables_english/nutrient_requirements
https://portal.mtt.fi/portal/page/portal/Rehutaulukot/feed_tables_english/nutrient_requirements

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Netto SA, Zanetti MA, Del Claro GR, Melo MP, Vilela FG and Correa LB, 2014. Effects of copper and selenium
supplementation on performance and lipid metabolism in confined Brangus bulls. Asian-Australasian Journal of
Animal Sciences, 27, 488-494.

Nollet L, van der Klis JD, Lensing M and Spring P, 2007. The effect of replacing inorganic with organic trace
minerals in broiler diets on productive performance and mineral excretion. Journal of Applied Poultry Research,
16, 592-597.

NRC (National Research Council), 1977. Nutrient Requirement of Rabbits. National Academies Press, Washington,
DC, USA. 30 pp.

NRC (National Research Council), 1994. Nutrient requirements of poultry. Ninth revised Edition. National Academy
Press, Washington, DC, USA. 157 pp.

NRC (National Research Council), 2000. Nutrient requirements of beef cattle. Seventh revised Edition. National
Academy Press, Washington, DC, USA. 248 pp.

NRC (National Research Council), 2001. Nutrient requirements of dairy cattle. Seventh revised Edition. National
Academies Press, Washington, DC, USA. 408 pp.

NRC (National Research Council), 2005. Mineral tolerance of domestic animals. Second revised edition. National
Academy Press, Washington, DC, USA. 510 pp.

NRC (National Research Council), 2006. Nutrient requirements of dogs and cats. National Academy Press,
Washington, DC, USA. 424 pp.

NRC (National Research Council), 2007a. Nutrient Requirements of Small ruminants: sheep, goats, cervids, and
new world camelids. National Academies Press, Washington, DC, USA. 384 pp.

NRC (National Research Council), 2007b. Nutrient requirements of horses. Sixth revised Edition. National Academy
Press, Washington, DC, USA. 360 pp.

NRC (National Research Council), 2011. Nutrient requirement of fish and shrimp. National Academic Press,
Washington, DC, USA. 392 pp.

NRC (National Research Council), 2012. Nutrient requirement of swine. National Academic Press, Washington, DC,
USA. 420 pp.

Ogino C and Yang G, 1980. Requirements of carp and rainbow trout for dietary manganese and copper. Bulletin of
the Japanese Society for the Science of Fish, 46, 455-458.

Ojo AA, Nadella SR and Wood CM, 2009. In vitro examination of interactions between copper and zinc uptake via
the gastrointestinal—tract~ of the rainbow trout (Oncorhynchus mykiss). Archives of Environmental
Contamination and-Joxicolegy) 56, 244-252.

Omole TA and Bowland/JB, 1974a. Copper,jiren andy manganesessupplementation wof piggdiets containing either
soybean meal or fow-glucesinolate rapeseed meal. Canadian Journal of Animal Science) 5%, 481-493.

Omole TA and Bowland<JP>1974b. Copper and zinc supplementation of pig diets containing soybean meal or
rapeseed meal (Brassica.campestris vs Span). Canadian Journal of Animal Science, 54, 363-372.

Onifade AA and Abu OA, 1998. Productive response of rabbits to supplemental copper in a diet based on 104 124
tropical feedstuffs. Journal of Applied Animal Research, 13, 129-135.

Osman O, Tanguichi H, Ikeda K, Park P, Tanabe-Hosoi S and Nagat S, 2010. Copper-resistant halophilic bacterium
isolated from the polluted Maruit Lake, Egypt. Journal of Applied Microbiology, 108, 1459-1470.

Ozkul A, Alcigir G, Sepici-Dincel A, Younguc AD, Akcora A and Turkaslan J, 2012. Histopathological and biochemical
findings of congenital copper deficiency: are these similar to those of caprine arthritis-encephalitis? Journal of
Veterinary Science, 13, 107-109.

Pal DT, Gowda NKS, Prasad CS, Amarnath R, Bharadwaj U, Suresh Babu G and Sampath KT, 2010. Effect of
copper- and zinc-methionine supplementation on bioavailability, mineral status and tissue concentrations of
copper and zinc in ewes. Journal of Trace Elements in Medicine and Biology, 24, 89-94.

Pallauf J and Rimbach G, 1997. Nutritional significance of phytic acid and phytase. Archives of Animal Nutrition,
50, 301-319.

Pang Y and Applegate TJ, 2007. Effects of dietary copper supplementation and copper source on digesta pH, calcium,
zinc, and copper complex size in the gastrointestinal tract of the broiler chicken. Poultry Science, 86, 531-537.

Parkinson RJ and Yells R, 1985. Copper content in soil and herbage following pig slurry application to grassland.
Journal of Agricultural Science, Cambridge, 105, 183-185.

Patton NM, Harris D], Grobner MA, Swick RA and Cheeke PR, 1982. The effect of dietary copper sulfate on
enteritis in fryer rabbits. Journal of Applied Rabbit Research, 5, 78-82.

Pekel A and Alp M, 2011. Effects of different dietary copper sources on laying hen performance and egg yolk
cholesterol. Journal of Applied Poultry Research, 20, 506-513.

Persia ME, Baker DH and Parsons CM, 2004. Tolerance for excess basic zinc chloride and basic copper chloride in
chicks. British Poultry Science, 45, 672-676.

Pesti GM and Bakalli RI, 1996. Studies on the feeding of cupric sulfate pentahydrate and cupric citrate to broiler
chickens. Poultry Science, 75, 1086-1091.

Pesti GM and Bakalli RI, 1998. Studies on the effect of feeding cupric sulfate pentahydrate to laying hens on egg
cholesterol content. Poultry Science, 77, 1540-1545.

Pitt M, Fraser J and Thurley DC, 1980. Molybdenum toxicity in the sheep: epiphysiolysis, exostoses and
biochemical changes. Journal of Comparative Pathology, 90, 567-576.

www.efsa.europa.eu/efsajournal 69 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Pogge DJ, Drewnoski ME and Hansen SL, 2014. High dietary sulfur decreases the retention of copper, manganese,
and zinc in steers. Journal of Animal Science, 92, 2182-2191.

Poole DBR, McGrath D, Fleming GA and Moore W, 1990. Effects of applying copper-rich pig slurry to grassland.
Irish Journal of Agricultural Research, 29, 34-40.

Pott EB, Henry PR, Ammerman CB, Merritt AM, Madison JB and Miles RD, 1994. Relative bioavailability of copper in
a copper lysine complex for chicks and lambs. Animal Feed Science Technology, 45, 193-203.

Poulsen HD, 1993. Minerals for sows. Significance of main effects and interactions on performance and
biochemical traits. Royal Veterinary and Agricultural University, Copenhagen, Denmark. 143 pp.

Poulsen HD and Carlson D, 2004. Environmental effects of the termination of AGP use in Denmark — in relation to
zinc and copper. In: Sgrensen JT, Jensen BB (eds.). Beyond Antimicrobial Growth Promoters in Food Animal
Production. DIAS report 57 (Animal Husbandry), 91-99.

Poulsen J, Vinther J and Mgller S, 2015. Benzoesyre erstatter kobber til smagrise [Benzoic acid substitutes copper
in diets for piglets]. Videncenter for Svineproduktion, Meddelelse no. 1057, 14 pp.

Prabhu PAJ, Schrama JW and Kaushik SJ, 2014. Mineral requirements of fish: a systematic review. Reviews in
Aquaculture, 6, 172-219.

Pruden A, Pei R, Storteboom H and Carlson KH, 2006. Antibiotic resistance genes as emerging contaminants:
studies in Northern Colorado. Environmental Science and Technology, 40, 7445-7450.

Radecki SV, Ku PK, Bennink MR, Yokoyama MT and Miller ER, 1992. Effect of dietary copper on intestinal mucosa
enzyme activity, morphology, and turnover rates in weanling piglets. Journal of Animal Science, 70, 1424-1431.

Rambeck WA, Brehm HW and Kollmer WE, 1991. The effect of increased copper supplements in feed on the
development of cadmium residues in swine. Zeitschrift fur Ernahrungswissenschaft, 30, 298-306.

Read ES, Barrows FT, Gaylord TG, Paterson ], Petersen MK and Sealey WM, 2014. Investigation of the effects of
dietary protein source on copper and zinc bioavailability in fishmeal and plant-based diets for rainbow trout.
Aquaculture, 432, 97-105.

Robbins KR and Baker DH, 1980. Effect of sulfur amino acid level and source on the performance of chicks fed
high levels of copper. Poultry Science, 59, 1246-1253.

de Romana DL, Olivares M, Uauy R and Araya M, 2011. Risks and benefits of copper in light of new insights of
copper homeostasis. Journal of Trace Elements in Medicine and Biology: Organ of the Society for Minerals and
Trace Elements (GMS), 25, 3-13.

Rosero D, Odle J, Moeser: A,.Beyd R and Van Heugten E, 2015. Peroxidised dietary lipids impair intestinal function
and morphology/of Ahe snjall\ intestine villi of, nursery pigs in a dose-dependent manner. British Journal of
Nutrition, 114, 1985-1992;

Rothe S, Gropp J, Weiser H/and Rambeck WA, | 1994. The=effect of Witamin (C and\zin¢oh, the copper-induced
increase of cadmiunt~esiddes/in swine. Zeitschrift fur Ernahrungswissenschaft, 33, 61-67.

Salgado J, Abrunhosa L;-Venaricio A, Dominguez J and Belo I, 2015. Enhancing the bioconversion of winery and
olive mill waste mixtures into lignocellulolytic enzymes and animal feed by Aspergillus uvarum using a packed-
bed bioreactor. Journal of Agricultural and Food Chemistry, 63, 9306-9314.

Samanta B, Ghosh PR, Biswas A and Das SK, 2011a. The effects of copper supplementation on the performance
and hematological parameters of broiler chickens. Asian-Australasian Journal of Animal Sciences, 24,
1001-1006.

Samanta B, Biswas A and Ghosh P, 2011b. Effects of copper supplementation on production performance and
plasma biochemical parameters in broiler chickens. British Poultry Science, 52, 573-577.

Sanden M, Hemre G-I, Mage A, Lunestad BT, Espe M, Lundebye A-K and @rnsrud R, 2014. Program for overvaking
av fiskefor. Arsrapport 2013. Available online: http://issuu.com/nifes-pdf/docs/rapport-program-for-overvaking-
av-f?e=14823531/11302375

Sanden M, Hemre G.-I, Mage A, Lunestad BT, Espe M, Lundebye A-K, Amlund H and @rnsrud R, 2015. Program for
overvaking av fiskefor Arsrapport for 2014 innsamlede prgver. Available online: http://issuu.com/nifes-pdf/
docs/forrapport-2015?e=14823531/31347651

Sanjivani W, Dass RS, Garg AK, Mohanta RK and Dhayagude RS, 2014. Effect of copper methionine
supplementation on growth rate and nutrient utilization in male goat kids. The Indian Journal of Animal
Science, 31, 44-48.

Saylor WW and Leach RM, 1980. Intracellular distribution of copper and zinc in sheep: effect of age and dietary
levels of the metals. Journal of Nutrition, 110, 448-459.

Schenkel H, 2014. Annual reports of the county research station of agricultural chemistry, University Hohenheim,
(Germany).

Schiavon S, Bailoni L, Ramanzin M, Vincenzi R, Simonetto A and Bittante G, 2000. Effect of proteinate or sulphate
mineral sources on trace elements in blood and liver of piglets. Animal Science, 71, 131-139.

Schlolaut W, 1987. Nutritional needs and feeding of German Angora rabbits. Journal of Applied Rabbit Research,
10, 111-121.

Scholfield DJ, Reiser S, Fields M, Steele NC, Smith JC, Darcey S and Ono K, 1990. Dietary copper, simple sugars,
and metabolic changes in pigs. The Journal of Nutritional Biochemistry, 1, 263-368.

Seiler C and Berendonk TU, 2012. Heavy metal driven co-selection of antibiotic resistance in soil and water bodies
impacted by agriculture and aquaculture. Frontiers in Microbiology, 3, 101-110.

www.efsa.europa.eu/efsajournal 70 EFSA Journal 2016;14(8):4563


http://issuu.com/nifes-pdf/docs/rapport-program-for-overvaking-av-f?e=14823531/11302375
http://issuu.com/nifes-pdf/docs/rapport-program-for-overvaking-av-f?e=14823531/11302375
http://issuu.com/nifes-pdf/docs/forrapport-2015?e=14823531/31347651
http://issuu.com/nifes-pdf/docs/forrapport-2015?e=14823531/31347651

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Senthilkumar P, Nagalakshmi D, Ramana Reddy Y and Sudhakar K, 2008. Effect of different level and source of
copper supplementation on immune response and copper dependent enzyme activity in lambs. Tropical Animal
Health Production, 41, 645-653.

Sevim A and Sevim E, 2015. Plasmid mediated antibiotic and heavy metal resistance in Bacillus strains isolated
from soils in Rize, Turkey. Suleyman Demirel Universitesi Fen Bilimleri Enstitusu Dergisi, 19, 133-141.

Shao XP, Liu WB, Lu KL, Xu WN, Zhang WW, Wang Y and Zhu J, 2012. Effects of tribasic copper chloride on
growth, copper status, antioxidant activities, immune responses and intestinal microflora of blunt snout bream
(Megalobrama amblycephala) fed practical diets. Aquaculture, 338-341, 154-159.

Shaw BJ and Handy RD, 2006. Dietary copper exposure and recovery in Nile tilapia, Oreochromis niloticus. Aquatic
Toxicology, 76, 111-121.

Shelton N, Tokach M, Nellsen ], Goodband R, Dritz S, DeRouchy ] and Hill G, 2011. Effects of copper sulfate,
tri-basic copper chloride and zinc oxide on weanling pig performance. Journal of Animal Science, 89, 2440-2451.

Shiau SY and Ning YC, 2003. Estimation of dietary copper requirements of juvenile tilapia, Oreochromis niloticus x
O. aureus. Animal Science, 77, 287-292.

Shurson GC, Ku PK, Waxler GL, Yokoyama MT and Miller ER, 1990. Physiological relationships between
microbiological status and dietary copper levels in the pig. Journal of Animal Science, 68, 1061-1071.

Shurson G, Salzer T, Koehier D and Whitney M, 2011. Effect of metal specific amino acid complexes and inorganic
trace minerals on vitamin stability in premixes. Animal Feed Science and Technology, 163, 200-206.

Shurson G, Kerr B and Hanson A, 2015. Evaluating the quality of feed fats and oils and their effects on pig growth
performance. Journal of Animal Science and Biotechnology, 6, 10-21.

Sinclair LA, Hart KJ, Johnson D and Mackenzie AM, 2013. Effect of inorganic or organic copper fed without or with
added sulfur and molybdenum on the performance, indicator of copper status, and hepatic mMRNA in dairy
cows. Journal of Dairy Science, 96, 4355-4367.

Sissener NH, Julshamn K, Espe M, Lunestad BT, Hemre G-I, Waagbo R and Mage A, 2013. Surveillance of selected
nutrients, additives and undesirables in commercial Norwegian fish feeds in the years 2000-2010. Aquaculture
Nutrition, 19, 555-572.

Skrivanova V, Skrivan M, Marounek M and Baran M, 2001. Effect of feeding supplemental copper on performance,
fatty acid profile and on cholesterol contents and oxidative stability of meat of rabbits. Archiv fir
Tierernaehrung, 54, 329-339.

Smedley R, Mullaney Fand;Rumbeiha W, 2009. Copper-associated hepatitis in Labrador Retrievers. Veterinary
Pathology, 46, 484<490.

Smith MS, 1969. Respansesiof.chicks to dietarysupplements oficopper sulphate. British PoultsyScience, 10, 97-108.

Smith JD, Jordan RM and Nelson-yIL, 4975. Tolerance|of ponies to high levels of dietary copper. Journal of Animal
Science, 41, 1645-464%

Smith DL, Dushoff J and_Merris ]G, 2005. Agricultural antibiotics and human health —does antibiotic use in
agriculture have a greater impact than hospital use. Public Library of Science Medicine, 2, 731-735.

Solaiman SG, Shoemaker CE and D’Andrea GH, 2006a. The effect of high dietary Cu on health, growth
performance, and Cu status in young goats. Small Ruminant Research, 66, 85-91.

Solaiman SG, Shoemaker CE, Jones WR and Kerth CR, 2006b. The effects of high levels of supplemental copper
on the serum lipid profile, carcass traits, and carcass composition of goat kids. Journal of Animal Science, 84,
171-177.

Sousa IKF, Minervino AHH, Sousa RS, Chaves DF, Soares HS, Barros IO, de Araujo CASC, Junior RAB and Ortolani
EL, 2012. Copper deficiency in sheep with high liver iron accumulation. Veterinary Medicine International,
2012, 1-4.

Spanghero M, Salem A and Robinson P, 2009. Chemical composition, including secondary metabolites, and rumen
fermentability of seeds and pulp of Californian (USA) and Italian grape pomaces. Animal Feed Science and
Technology, 152, 243-255.

Spears JW, 2003. Trace mineral bioavailability in ruminants. Journal of Nutrition, 133, 1506-1509.

Spears JW, Kegley EB and Mullis LA, 2004. Bioavailability of copper from tribasic copper chloride and copper
sulfate in growing cattle. Animal Feed Science Technology, 116, 1-13.

Spears JW, Lloyd KE and Fry RS, 2014. Tolerance of cattle to increased dietary sulfur and effect of dietary cation-
anion balance. Journal of Animal Science, 89, 2502-2509.

Steinhofel O, Frohlich B, Zentek ], Kriesten A and Manner K, 2013. Untersuchungen zur Spurenelement-
versorgung von Milchrindern. Schriftenreihe des Landesamts fur Umwelt, Landwirtschaft und Geologie, Heft
14/2013, 49 pp.

Stowe HD, 1968. Effects of age and impending parturition upon serum copper of thoroughbred mares. Journal of
Nutrition, 95, 179-183.

Suiryanrayna M and Ramana J, 2015. A review of the effects of dietary organic acids fed to swine. Journal of
Animal Science and Biotechnology, 6, 45-56.

Sun SM, Qin JG, Yu N, Ge XP, Jiang HB and Chen LQ, 2013. Effect of dietary copper on the growth performance,
non-specific immunity and resistance to Aeromonas hydrophila of juvenile Chinese mitten crab, Eriocheir
sinensis. Fish and Shellfish Immunology, 34, 1195-1201.

www.efsa.europa.eu/efsajournal 71 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Suttle NF, 1975. Trace element interactions in animals. In: Nicholas DIJD and Egan AR (eds.). Trace Elements in
Soil-Plant-Animal Systems. Academic Press, New York, NY. pp. 271-289.

Suttle NF, 1987. The nutritional requirement for copper in animals and man. In: Howell JMcC, Gawthorne JM
(eds.). Copper in Animals and Man, Vol. I. CRC Press, Boca Raton, FL, pp. 21-44.

Suttle NF, 2010. Mineral nutrition of livestock, 4th Edition. CAB International, Cambridge. 587 pp.

Suttle NF, Lewis RM and Small JNW, 2002. Effects of breed and family on rate of copper accretion in the liver of
purebred Charollais, Suffolk and Texel lambs. Animal Science, 75, 295-302.

Tan XY, Luo Z, Liu X and Xie CX, 2011. Dietary copper requirement of juvenile yellow catfish Pelteobagrus
fulvidraco. Aquaculture Nutrion, 17, 170-176.

Tang QQ, Feng L, Jiang WD, Liu Y, Jiang J, Li SH, Kuang SY, Tang L and Zhou XQ, 2013. Effects of dietary copper
on growth, digestive, and brush border enzyme activities and antioxidant defense of hepatopancreas and
intestine for young grass carp (Ctenopharyngodon idella). Biological Trace Element Research, 155, 370-380.

Thacker P, 2013. Alternatives to antibiotics as growth promoters for use in swine production: a review. Journal of
Animal Science and Biotechnology, 4, 12 pp.

Thornburg LP, Shaw D, Dolan M, Raisbeck M, Crawford S, Dennis GL and Olwin DB, 1986. Hereditary copper
toxicosis in West Highland white terriers. Veterinary Pathology, 23, 148-154.

Tomova I, Stoilova-Disheva M, Lazarkevich I and Vasileva-Tonkova E, 2015. Antimicrobial activity and resistance to
heavy metals and antibiotics of heterotrophic bacteria isolated from sediment and soil samples collected from
two Antarctic islands. Frontiers in Life Science, 8, 348-357.

Van den Top AM, 2005. Reviews on the mineral provision in ruminants (IX): copper metabolism and requirements
in ruminants. Centraal Veevoederbureau. CVB documentatierapport nr. 41.

Van Noten N, Gorissen L and De Smet S, 2016. Assistance in the Update of the Systematic Literature Review
(SLR): ‘Influence of Copper on Antibiotic Resistance of Gut Microbiota on Pigs (including Piglets). EFSA
supporting publication 2016:EN-1005. 125 pp. Available online: http://www.efsa.europa.eu/sites/default/files/
scientific_output/files/main_documents/1005e.pdf

Van Paemel M, Dierick N, Janssens G, Fievez V and De Smet S, 2010. Selected trace and ultratrace elements:
Biological role, content in feed and requirements in animal nutrition — Elements for risk assessment. Technical
Report submitted to EFSA. Available online: http://www.efsa.europa.eu/en/supporting/doc/68e.pdf

Van Vleet JF, 1982. Amounts of twelve elements required to induce selenium- vitamin E deficiency in ducklings.
American Journal of-Veterinary Research, 43, 851-857.

Vervaeke I, Decuypere d7-Hehderickx H,and Dierick N, 1976. Mode of action,of some feed additives. Proceedings
IVth International Pig/Veterinary Society €engressgAmes/ USA-AA4,

Vervaeke I, Decuypere™~J, Dierick' N/and Henderickx H, /1979 Quantitative (in| vitro| evaltation of the energy
metabolism influenced by-Yirginiamycin and Spiramycin used as growth promoters in pigs nutrition. Journal of
Animal Science, 49,"846-856.

VLA (Veterinary Laboratories Agency), 2001. Surveillance Report: July sees an increased incidence of copper
poisoning in cattle. Veterinary Record, 149, 257-260.

Vondruskova H, Slamova R, Trckova M, Zraly Z and Pavlik I, 2010. Alternatives to antibiotic growth promoters in
prevention of diarrhoea in weaned piglets: a review. Veterinary Research Veterinarni Medicina, 55, 199-224.
VSP (Videncenter for Svineproduktion [Danish Pig Research Centre]), 2016. Normer for naeringsstoffer [Nutrient
recommendations for pigs in Denmark]. Available online: http://vsp.If.dk/Viden/Foder/Naeringsstoffer/Normer%

20for%20naeringsstoffer

Wagner EL, Potter GD, Gibbs PG, Eller EM, Scott BD, Vogelsang MM and Walzem RL, 2011. Copper and zinc
balance in exercising horses fed 2 forms of mineral supplements. Journal of Animal Science, 89, 722-728.

Wang W, Wang A, Liu C, Wang S, Wang R and Ma Z, 1997. Effects of copper concentrations in diets on the growth
and copper, zinc and iron contents of Penaeus chinensis. Journal of Fishery Sciences of China, 21, 258-262.

Wang Y, Yuan Z, Ding M and Fan S, 2005. Effect of cyadox on growth and nutrient digestibility in weanling pigs.
South African Journal of Animal Science, 35, 117-125.

Wang Z, Cerrate S, Coto C, Yan F and Waldroup PW, 2007. Evaluation of Mintrex® copper as a source of copper in
broiler diets. International Journal of Poultry Science, 6, 308-313.

Wang Q, Zhang Y, Bai D, Chen C, Guo Y and Xin K, 2015. Estimation of dietary copper (Cu) requirement of
Cynoglossus semilaevis Gunther. In: Zhang TC, Nakajima M (eds.). Advances in Applied Biotechnology.
Proceedings of the 2nd International Conference on Applied Biotechnology (ICAB 2014), vol. I, pp. 245-255.

Wang H, Li E, Zhu H, Du Z, Qin Jianguang and Chen L, 2016. Dietary copper requirement of juvenile Russian
sturgeon Acipenser gueldenstaedtii. Aquaculture, 454, 118-124.

Wani PA and Irene OI, 2014. Screening of microbes for their metal, antibiotic resistance and plant growth
promoting activity. Current Research in Bacteriology, 7, 22-31.

Ward JD, Spears JW and Gengelbach GP, 1995. Differences in copper status and copper-metabolism Simmental,
and Charolais cattle. Journal of Animal Science, 73, 571-577.

Ward JD, Spears JW and Kegley EB, 1996. Bioavailability of copper proteinate and copper carbonate relative to
copper sulfate in cattle. Journal of Dairy Science, 79, 127-132.

Watson PJ, 2004. Chronic hepatitis in dogs: a review of current understanding of the aetiology, progression, and
treatment. Veterinary Journal, 167, 228-241.

www.efsa.europa.eu/efsajournal 72 EFSA Journal 2016;14(8):4563


http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/1005e.pdf
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/1005e.pdf
http://www.efsa.europa.eu/en/supporting/doc/68e.pdf
http://vsp.lf.dk/Viden/Foder/Naeringsstoffer/Normer%20for%20naeringsstoffer
http://vsp.lf.dk/Viden/Foder/Naeringsstoffer/Normer%20for%20naeringsstoffer

‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Webb CB, Twedt DC and Meyer D], 2002. Copper-associated liver disease in Dalmatians: a review of 10 dogs
(1998-2001). Journal of Veterinary Internal, 16, 665-668.

Wideman RF Jr, Kirby YK, Barton TL, Clark D, Bayyari GR, Huff WE, Moore PA and Dunn PA, 1996. Excess dietary
copper triggers enlargement of the proventriculus in broilers. Journal of Applied Poultry Research, 5, 219-230.

Wood EC and Worden AN, 1973. The influence of dietary copper concentration on hepatic copper in the duckling,
and the chick. Journal of the Science on Food and Agriculture, 24, 167-174.

Woolliams JA, Suttle NF, Wiener G, Field AC and Woolliams C, 1982. The effect of breed of sire on the
accumulation of copper in lambs, with particular reference to copper toxicity. Animal Production, 35, 299-307.

Woyengo TA and Nyachoti CM, 2013. Review: antinutritional effects of phytic acid in diet for pigs and poultry —
current knowledge and directions for future research. Canadian Journal of Animal Science, 93, 9-21.

Wright GD, 2007. The antibiotic resistome: the nexus of chemical and genetic diversity, Nature reviews.
Microbiology, 5, 175-186.

Wu X, Leegwater PAJ and Fieten H, 2016. Canine models for copper homeostasis disorders. International Journal
of Molecular Sciences, 17, 1-14.

Xiang-Qi Z, Zhang KY, Ding XM and Bai SP, 2009. Effects of dietary supplementation with copper sulfate or tribasic
copper chloride on carcass characteristics, tissular nutrients deposition and oxidation in broilers. Pakistan
Journal of Nutrition, 8, 1114-1119.

Yang G, Su J, Yao Y, Lei Z, Zhang G and Li X, 2010. The regulatory mechanism of neuromedin S on luteinizing
hormone in pigs. Animal Reproduction Science, 122, 367 374.

Zacharias B, Pelletier W and Drochner W, 2007. Availability of inorganic and organic bound copper and zinc fed at
physiological levels to fattening pigs. Zemes Ukio Mokslai, 14, 45-50.

Zanetti MA, Henry PR, Ammerman CB and Miles RD, 1991. Estimation of the relative bioavailability of copper
sources in chicks fed on conventional dietary amounts. British Poultry Science, 32, 583-588.

Zeman L, Dolezal P, Kopfiva A, Mrkvicova E, Prochazkova J, Ryant P, Skladanka J, Strakova E, Suchy P, Vesely P
and Zelenka 1, 2006. VyZiva a krmeni hospodarskych zvirat (Nutrition and feeding of animal husbandry).
ProfiPress, Praha 360s.

Zentek J and Meyer H, 1991. Investigations on copper deficiency in growing dogs. Journal of Nutrition, 121, 83-84.

Zhang W, Wang RL, Kleeman DO, Lu DX, Zhu XP, Zhang CX and Jia ZH, 2008. Effects of dietary copper on nutrient
digestibility, growth, performance and plasma copper status in cashmere goats. Small Ruminant Research, 74,
188-193.

Zhang W, Wang RL, Kleeman"R0,\Guo MY, Xu JH, Zhang CX and Jia ZH, 2009. Effects of dietary copper on growth
performance, nutrient /digestibjlity /and fiber characterigtics inwCashmerne ‘goats duringsthe cashmere slow-
growing period. SmalhRuminant Research, 85, 58-62.

Zhang W, Zhang Y, \Zhang/SW; Song XZ, Jia ZH and Wang RL, 2012. Effect of different levels of copper and
molybdenum supplements-6n serum lipid profiles and antioxidant status in cashmere goats. Biological Trace
Elements Research, 148, 309-315.

Zhao J, Gerlemann G, Ma L, Gracia M, Parker D, Vazquez-Anon M and Harrell RJ, 2014. Effects of chelated copper
as growth promoter on performance and carcass traits in pigs. Asian Australasian Journal of Animal Science,
27, 965-973.

Zhou W, Kornegay ET, van Laar H, Swinkels JWGM, Wong EA and Lindemann MD, 1994a. The role of feed
consumption and feed efficiency in copper-stimulated growth. Journal of Animal Science, 72, 2385-2394.

Zhou W, Kornegay ET, Lindemann MD, Swinkels JW, Welten MK and Wong EA, 1994b. Stimulation of growth by
intravenous injection of copper in weanling pigs. Journal of Animal Science, 72, 2395-2403.

Zhou YG, Davis DA and Rhodes MA, 2014. Comparative evaluation of copper sulfate and tribasic copper chloride
on growth performance and tissue response in Pacific white shrimp Litopenaeus vannamei fed practical diets.
Aquaculture, 434, 411-417.

Zhu D, Yu B, Ju C, Mei S and Chen D, 2011. Effect of high dietary copper on the expression of hypothalamic
appetite regulators in weanling pigs. Journal of Animal and Feed Sciences, 20, 60-70.

Abbreviations

ADFI average daily feed intake

ADG average daily gain

ADME absorption, distribution, metabolism and excretion
AFZ Association Francaise de Zootechnie (French Association for Animal Production)
Al adequate intakes

ALARA As Low As Reasonably Achievable

ALT alanine transaminase

ARG antibiotic resistance gene

AST aspartate aminotransferase

Atox1 Antioxidant 1 Copper Chaperone

ATP adenosine triphosphate
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ATTD apparent total tract digestibility

AV anisidine values

BHA butylated hydroxyanisole

BHT butylated hydroxytoluene

BrdU [3H]bromodeoxyuridine

bw body weight

BWG body weight gain

CAAS Czech Academy of Agricultural Sciences

CAMC currently authorised total maximum contents of copper in complete feed
CIRAD French Agricultural Research Center for International Development
CCpP chronic copper poisoning

CNS central nervous system

CP crude protein

CTR copper transporter

CRD copper responsive disorders

Cu copper

CvB Centraal Veevoederbureau

cv coefficient of variation

CVMP Committee for Medicinal Products for Veterinary Use
Dcytb duodenal cytochrome B

DMT divalent metal transporter

DRV dietary reference value

DW dry weight

EC European Commission

ECHA European Chemicals Agency

ECI European Copper Institute

EEA European Economic Area

EFTA European FreeTrade Association

ELS Extensive Literature Search

EMA EuropeamMedicines Agency

EMEA European-Agenty for the Evaluation of Medicinal Products
FA fatty acids

FAO Food and Agricultural Organization of the United Nations
FCR feed conversion ratio

Fe iron

FEDIAF European Pet Food Industry Federation
FEEDAP EFSA Scientific Panel on Additives and Products or Substances used in Animal Feed

FEFAC European Feed Manufacturers’ Federation

FEFANA EU Association of Specialty Feed Ingredients and their Mixtures
GfE Gesellschaft fur Ernahrungsphysiologie

GLDH glutamate dehydrogenase

GMT gamma-glutamyltransferase

GSH glutathione

GSH-Px glutathione peroxidase
GSSG glutathione disulfide
HMG-CoA 3-hydroxy-3-methyl-glutaryl-coenzyme A

IFZZ Instytut Fizjologii I Zywienia Zwierzat
INRA Institut National de la Recherche Agronomique
Lys lysine

MCC minimum co-selective concentration
ME metabolisable energy

Mn manganese

Mo molybdenum

MRL maximum residue limit

mRNA messenger ribonucleic acid

MS Member States

MT metallothionein
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MTL
MTT
MUFA
NDA
NP
NPY
NPMC
NRC
PICT
PRI
PUFA
PV
RAR
RBV
RDA
S
SCAN
SD
SGR
SLR
STEAP2
TBARS
TBCC
TGN
TMR
TBHQ
UFA
VSP
WGR
Zn
Zn-SOD

maximum tolerable level

Maa- ja elintarviketalouden tutkimuskeskus
monounsaturated fatty acids

EFSA Scientific Panel on Dietetic Products, Nutrition and Allergies
neuropeptide

neuropeptide Y

newly proposed maximum content

National Research Council

pollution-induced bacterial community tolerance
Population Reference Intake

polyunsaturated fatty acids

peroxide value

Risk Assessment Report

relative bioavailability

Recommended Dietary Allowances

sulfur

Scientific Committee on Animal Nutrition
standard deviation

specific growth rate

Systematic Literature Review
six-transmembrane epithelial antigen of the prostate 2
thiobarbituric acid-reactive substances

tribasic copper chloride

trans Golgi network

total mixed ration

tertiary butylhydroquinone

unsaturated-fatty acids
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Appendix A — Description of studies on fish copper requirements

Mohseni et al. (2014a) exposed juvenile beluga (Huso huso) to diets containing 1, 3.5, 7.1, 9.7, 13,
25, 50 or 195 mg Cu/kg wet weight for 12 weeks. Hepatic Cu-Zn SOD activity was significantly higher
in fish fed 9.7 and 131 mg Cu/kg diets compared to the other treatments. Levels of hepatic TBARS
were significantly lower in fish fed 9.7 and 13 mg Cu/kg diets than in fish fed the other diets. The
authors reported that the optimum dietary copper levels for beluga, based on weight gain, was
between 10 and 13 mg/kg feed.

Wang et al. (2015) fed tongue sole (Cynoglossus semilaevis) diets containing 6, 8, 12, 24 or 56 mg
Cu/kg for 8 weeks. Weight gain ratio, SGR,%® feed:gain ratio (F/G) and protein efficiency ratio were
significantly higher in fish fed the diet which contained 12 mg Cu/kg compared to fish fed the basal
diet which contained 6 mg Cu/kg. Protease, amylase, lipase, copper-zinc superoxide dismutase (Cu-Zn
SOD), and lysozyme activity initially increased and subsequently decreased with increasing dietary
copper concentrations, and maximum activity of all parameters was observed in fish fed the 12 mg/kg
diet. The copper requirement of tongue sole was estimated to be about 11-12 mg/kg diet based on
growth and enzyme activities.

Purified diets with eight levels (2.1, 3.0, 4.2, 5.5, 6.1, 10.1, 14.0 or 19.6 mg Cu/kg diet) of copper
were fed to juvenile hybrid tilapia (Oreochromis niloticus x O. aureus) for 8 weeks (Shiau and Ning,
2003). Weight gain was highest in the group fed the 4.2 mg Cu/kg diet, followed by fish fed the
3.0 mg Cu/kg diet, and was lowest in fish fed the 19.60 mg Cu/kg diet. Blood haemoglobin (Hb) and
haematocrit (Hct) concentrations were lowest in fish fed the two highest copper diets (14.0 and
19.6 mg/kg), followed by the unsupplemented control diet and highest in fish in the 4.2 mg Cu/kg
group (Hb) and 4.2 and 5.5 mg Cu/kg diet groups (Hct). Plasma ceruloplasmin activity was highest in
the 3.0 and 4.2 mg Cu/kg diet groups, followed by fish fed 5.5-14.0 mg Cu/kg diet and the control
group, and lowest in fish fed the 19.6 mg Cu/kg diet. The dietary copper requirement in growing
tilapia was found to be about 4 mg Cu/kg diet based on weight gain.

Lin et al. (2008) fed juvenile grouper, Epinephelus malabaricus, diets with 0.11, 1.7, 2.4, 4.4, 6.6,
9.0, 11 or 20 mg Cu/kg diet.for 8 weeks. Weight gain and feed efficiency (FE) were higher in fish fed
4.4 and 6.6 mg Cufkg diet\than in,fish in the two lowest (0:11 apd i.7emg Cu/kg) and two highest
copper groups (11[land\20-mg Cu/kg)wHepatic TBARS |eVelswere lowest i £ish fed the 4.4 and
6.6 mg Cu/kg diet,- and-highest in the 20 mgiCu/kg/dietarngroup:. Cu=Zn SOD activity was highest in
fish fed the 6.6 mg. Cu/Kg diet, followed by the 9.0 mg Cu/kg dietary group, 20 mg Cu/kg dietary
group, and lowest in the unsupplemented control group. Plasma ceruloplasmin was highest in fish fed
the 6.6 mg Cu/kg diet, followed by the 2.4, 4.4 and 9.0 mg Cu/kg dietary groups, the 11 and 20 mg
Cu/kg dietary groups, and lowest in the 0.11 and 1.7 mg Cu/kg dietary groups. The dietary copper
requirement in growing grouper was found to be about 4-6 mg Cu/kg based on growth, hepatic Cu-Zn
SOD activity, TBARS and whole-body copper retention.

The dietary copper requirement for grouper was re-evaluated by Lin et al. (2010), using an organic
copper source (copper peptide). Lin et al. (2010) fed juvenile grouper, Epinephelus malabaricus, diets
with 0.21, 2.0, 2.8, 3.8, 4.8, 9.9 or 14.1 mg Cu/kg DM for 8 weeks. Fish fed the diet containing
2.8 mg Cu/kg DM had the highest weight gain, followed by fish fed the 3.8 mg Cu/kg DM diet, and
lowest in the 0.21, 9.9 and 14.1 mg Cu/kg DM dietary groups. Hepatic Cu-Zn SOD activity was highest
in the 2.8 mg Cu/kg DM dietary group, followed by fish fed diets with 3.8, 9.9, 2.0 and 14.1 mg Cu/kg
DM (in order of decreasing activity), and lowest in fish fed the diet containing 0.21 mg Cu/kg DM.
TBARS was lowest in fish fed the 2.8 and 3.8 mg Cu/kg DM diets, followed by fish fed diets with 0.21
and 4.8 mg Cu/kg DM, and highest in fish fed the 14.1 mg Cu/kg DM diet. The dietary copper (as
copper peptide) requirement for grouper was reported to be 2.4-3.7 mg Cu/kg DM based on weight
gain, hepatic Cu-Zn SOD activity, TBARS and whole-body copper retention.

Juvenile yellow catfish (Pelteobagrus fulvidraco) were fed graded levels of dietary copper (2.3
(unsupplemented), 3.5, 4.9, 7.6, 13 or 24 mg Cu/kg DM) for 7 weeks (Tan et al., 2011). Fish fed the
diets containing 3.5, 4.9 and 7.6 mg Cu/kg had significantly higher weight gain and SGR than the
control fish, as well as fish fed 13 and 24 mg Cu/kg. The lowest feed conversion rate, protein
efficiency ratio, hepatosomatic index and viscerosomatic index were observed in fish in the 24 mg Cu/kg
dietary treatment. There were no significant differences in condition factor among the treatments.
Whole-body and liver copper levels increased with dietary copper concentration, whereas muscle

25 Daily weight gain expressed as a percentage of body weight.
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copper content was relatively stable. The dietary copper requirement in juvenile yellow catfish was
3.4-4.6 mg/kg DW based on SGR and whole-body copper retention.

The effects of dietary copper on growth, digestive and absorptive enzyme activities, and antioxidant
status in juvenile grass carp (Ctenopharyngodon idella) were investigated by Tang et al. (2013). Grass
carp were fed diets containing 0.74 (control feed), 2.3, 3.8, 5.3, 6.7 and 8.3 mg Cu/kg diet wet weight
for 8 weeks. Weight gain and feed efficiency increased with dietary copper concentrations up to
3.8 mg/kg. Activity of trypsin, chymotrypsin, and lipase, Na*, K*-ATPase, alkaline phosphatase, creatine
kinase, y-glutamyl transpeptidase superoxide dismutase, catalase, glutathione peroxidase, glutathione
reductase, glutathione-S-transferase and glutathione were significantly higher in fish fed the 3.8 and
5.3 mg Cu/kg diets. The dietary copper requirement of juvenile grass carp was between 4.7 and
5.0 mg/kg wet weight based on weight gain, feed efficiency and plasma ceruloplasmin activity.

Shao et al. (2012) investigated the effects of exposure to graded dietary levels of tribasic copper
chloride (0, 3, 6, 9, 25, 50, 100 or 150 mg supplemental Cu/kg DM feed; analysed levels: 9, 12, 14,
18, 34, 57 103 or 148 mg total Cu/kg DM feed) for 56 days on growth, copper status and antioxidant
activities in blunt snout bream (Megalobrama amblycephala). Weight gain and SGR were significantly
higher in fish fed diets supplemented with the 3-6 mg Cu/kg DM feed than in fish fed the
unsupplemented control diet. Fish fed the diet supplemented with the 9 mg Cu/kg DM feed had a
significantly lower F/G than control fish. Significant copper accumulation in liver, kidney and intestine
was evident in fish fed diets supplemented with the 50-150 mg Cu/kg DM feed. Dietary copper
supplemented at levels ranging from 9 to 100 mg/kg DM feed significantly enhanced total antioxidant
competence activity in liver, and fish fed diets supplemented with the 100-150 mg Cu/kg DM feed had
significantly increased plasma alkaline and acid phosphatase activity. Diets with 12-14 mg total Cu/kg
(supplemented with 3-6 mg Cu/kg DM feed) met the copper requirement for blunt snout bream;
however, higher total copper (18 mg total Cu/kg DM feed; supplementation 9 mg Cu/kg DM feed)
improved F/G in practical diets.

Juvenile large yellow croaker (Larimichthys croceus) were fed graded levels of dietary copper (2.8,
3.5, 5.1, 7.8, 12 or 20.mg Cu/kg DM) for 10 weeks to assess the dietary requirement (Cao et al,,
2014). Fish fed the‘basal<diet with 2.8 mg Cu/kg had the lowest weight gain rate (WGR), Cu-Zn SOD
activity, total antioxidant capacity (T-AOC), whole-body and|vertebrae Copper concentrations. When
dietary copper increasedfrom)2.8:f0 5.1 mg/kg, the-WGR Ssighificantly [increased=(p < 0.05). Higher
dietary copper contents/did. fot “result”in further increase™in' WGR" Fish in“the™dietary groups with
copper concentrations‘aboveé 7.8 mg/kg had lower serum Cu-Zn SOD activity and T-AOC in liver. No
significant differences were found in survival, feed efficiency, hepatosomatic index, viscerosomatic
index or condition factor among treatments. The copper requirement for large yellow croaker was
estimated to be 3.7 mg kg DM based on WGR, and 5.7-7.6 mg Cu/kg DM based on whole-body and
vertebrae copper concentration and Cu-Zn SOD activity.

El Basuini et al. (2016) fed red sea bream (Pagrus major) diets containing 1.8 mg Cu/kg DW
(control), 5.4 mg Cu/kg DW (4 mg/kg supplemented as copper sulphate), 3.5, 5.0, 7.9 or 9.7 mg Cu/kg
DM (supplemented as 2, 4, 6 or 8 mg nanocopper (Sigma-Aldrich, 99% purity)/kg) for 60 days. Sea
bream on diets supplemented with 2 and 4 mg copper nanoparticles/kg had the highest specific
growth rate, protein gain and tolerance to low-salinity stress. Feed efficiency ratio, protein efficiency
ratio, protein retention, whole-body copper content, protease activity, lysozyme activity and total
serum protein were significantly higher in fish fed the diet supplemented with 2 mg copper
nanoparticles/kg DW compared to the control group. Whole-body protein content of fish fed the
control diet was significantly lower than that of fish fed copper-supplemented diets. The authors
recommended adding 2 mg copper nanoparticles/kg diet to improve growth, immune response and
antioxidant defence system in red sea bream.

Juvenile Russian sturgeon (Acipenser gueldenstaedtii) were fed diets containing 0.33, 1.7, 2.7, 4.9,
6.9, 9.2 or 17.9 mg Cu/kg DM for 8 weeks (Wang et al., 2016). The WGR and feed efficiency were
significantly higher in fish fed 2.7-9.2 mg Cu/kg DM than in the control group, 1.7 or 17.9 mg Cu/kg
DM dietary treatments. The whole-body Cu concentrations were significantly lower in the fish fed 0.33,
1.7, 2.7 or 4.9 mg Cu/kg DM than in fish fed 6.9-17.9 mg Cu/kg DM. Hepatic Cu-Zn SOD activity, total
antioxidant capacity and serum ceruloplasmin activity were significantly higher in fish in the 6.9 and
9.2 mg Cu/kg DM dietary treatments than in the other groups. The lowest hepatic TBARS values were
found in fish fed 6.9 and 9.2 mg Cu/kg diets. No differences were observed in survival, hepatosomatic
index, viscerosomatic index or condition factor among the treatments. The dietary copper requirement
for juvenile Russian sturgeon was established to 6.8-8.2 mg/kg DM based on the WGR, whole-body
Cu concentration, hepatic Cu-Zn SOD and serum ceruloplasmin activity.
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Appendix B — Summary output of the polynomial regression fit calculated

for data in Figure 2

Polynomial regression 3 order (y = 28.0048 + 0.1032x — 0.0011x* + 0.00005x>; R* = 0.6868)

Regression statistics

Multiple R

R2

Adjusted R?
Standard error

0.828764782

0.686851064

0.670928237
94.15717122

Observations 63
ANOVA
df SS MS F Significance F

Regression 3 1,147,282.72 382,427.573 43.1362505 6.9043E-15
Residual 59 523,068.801 8,865.57289
Total 62 1,670,351.52

Coefficients St::liarrd t stat p-value Lower 95% Upper 95%
Intercept 28.00481785 38.2419239 0.73230672  0.4668806 —48.517095 104.526731
Cu diet 0.103231774 1.50802014 0.06845517  0.94565478 —2.91430955 3.1207731
Cu, diet —0.002174216 0.01269474 —0.17126897  0.86459833 —0.02757634 0.02322791
Cus diet 2.73105E-05 2.9031E-05 0.94074393  0.35067197 —3.078E-05 8.5401E-05
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Appendix C — Data of copper in compound feed from monitoring activities
in European countries

Validation procedure:

The first criterion consisted in the inclusion/exclusion of samples considering the type of feed.
For most animal species/categories, only Complete feed samples were considered. For bovids
and horses, both complete and complementary feed were considered; for Complementary
feed, samples labelled as 100% of the daily ration were attributed to complete feed. Dog and
cat wet food samples were excluded as the dry matter content was not reported.

As a second criterion, the content of copper was taken. Descriptive parameters of data
distribution would be biased by unlikely low copper concentrations as well as by excessive
levels which may be driven by intentions other than the production of standard feed (e.g.
disease prevention). Therefore, copper concentrations below 5 mg/kg (minimum background
level (except milk replacer); see Section 3.3.2) were not considered. Maximum cut-off values
were built for complete feed (i) with copper concentrations exceeding the requirements (in all
cases 10 mg/kg) by a factor of 4; (ii) sheep and calves milk replacer were considered sensitive
species and the maximum copper content (15 mg/kg feed) plus the 20% tolerance (see
Regulation 767/2009) was taken (18 mg/kg); (iii) for piglets, the maximum currently
authorised copper concentration in feed (170 mg) plus the 20% tolerance (see Regulation
767/2009) was considered (205 mg/kg).

Table C.1: Data submitted from European Countries as response to a questionnaire on ‘Analyses of

Compound Feed for all animal species/categories obtained during National Official
Controls”: raw data, data validation and analysed data

Excluded data based Excluded data based Data

Compound feed All data on feed type on copper amount analysed
Poultry P aYEN 1,283 77 50 1,156
Starter chicks 71 0 8 63
taying hens XA ) L\ A YOI IV & 440
Chickens for fattening "2/ # 387 8 ' 19 360
Turkeys N 204 2 0 202
Other poultry: ducks and geese 92 0 1 91
Pigs 4,750 399 351 4,000
Piglets (Weaned, Starter I, 1,545 87 38 1,420
Starter II)

Pigs for fattening (Fattening, Grower, 2,529 266 229 2,034
Finisher)

Sows 676 46 84 546
Bovids 3,060 2,785 53 222
Calf milk replacer 502 376 15 111
Fattening cattle 862 802 18 42
Dairy cow 1,182 1,148 3 31
Sheep 464 418 16 30
Goat 50 41 1 8
Horses 346 343 1 2
Rabbits 217 13 2 202
Fish 41 1 0 40
Dogs 213 11 71 131
Cats 82 5 24 53
Total 9,992 3,634 552 5,806
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Appendix D — Copper in feed (mg/kg)

Figures and Tables D.1-D.17: Data from European countries (years 2012-2014)
Figure and Table D.1: Starter chicks

Starter chicks

Number of samples 63
Mean of copper in feed (mg/kg) 16

. P10 10

£ Median 14

g P90 25
Range used 5-40
% samples above limit (25) 7.9
% samples below limit (25) 92.1

10
15

o wn o
I ~ @

35
40

Number of samples per country: CZ: 28; EE: 2; DE: 1;
IT: 30; LU: 1; UK: 1.

Copper concentration (mg/kg)

Figure and Table D.2: Laying hens

Laying hens Number of samples 440
50 R Mean of copper in feed (mg/kg) 16
2 H P10 9
. Median 15
30 i P90 23
- E Range used 5-40
& ! % samples above limit (25) 5.9
107 % samples below limit (25) 94.1
ol Number of samples per country: BE: 4; CY: 1; CZ:

30

n
o

Figure and T ﬁ i (ntt

119; DE: 233; EE: 2; GR: 4; HU: 12; IT: 28; LU: 18;

L Additive

Chickens for fattening Number of samples 360
50 E— Mean of copper in feed (mg/kg) 18
P10 12
. Median 19
g P90 24
g Range used 10-40
* % samples above limit (25) 7.2
% samples below limit (25) 92.8
Number of samples per country: BE: 10; CY: 1; CZ:

n o wn o
- — N

25
30
35

110; DE: 144; GR: 8; HU: 27; IT: 50; LU: 3; SI: 7.

Copper concentration (mg/kg)

Figure and Table D.4: Turkeys for fattening

Turkeys for fattening Number of samples 203
>0 J— Mean of copper in feed (mg/kg) 19
P10 14
g Median 18
P90 24
H Range used 5-40
% samples above limit (25) 7.9
% samples below limit (25) 92.1
g 9 B P g P 2 Number of samples per country: CZ: 20; DE: 146;
Copper concentration (meg/ke) HU: 10; IT: 23; LU: 1; SI: 1; UK: 2.
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Other poultry: duck and geese

Other poultry: Ducks and geese

50

wn o
- 5]

Copper concentration (mg/kg)

10
25
30

Figure and Table D.6: Piglets

Piglets
30

Number of samples 91
—— L Mean of copper in feed (mg/kg) 17
P10 12
Median 17
P90 23
Range used 5-40
% samples above limit (25) 4.4
% samples below limit (25) 95.6

Number of samples per country: CZ: 26; DE: 57; HU:
7; UK: 1.

Copper concentration (mg/kg)

=== M Number of samples 1,420
Mean of copper in feed (mg/kg) 119
P10 23
Median 136
P90 168
Range used 5-205
% samples above limit (170) 8.8
% samples below limit (170) 91.2

Number of samples per country: BE: 43; CY: 1; CZ:
50; DE: 1030; EE: 31; GR: 17; HU: 199; IT: 16; LU:
27; SI: 3; UK: 3.

2,034
19
12
18
P90 26
Range used 5-40
% samples above limit (25) 12.9
% samples below limit (25) 87.1

Number of samples per country: BE: 15; CY: 8;
CZ: 356; DE: 1102; EE: 32; GR: 26; HU: 255; IT:
62; LU: 19; PT: 116; SI: 30; UK: 13.

Figure and Table D.8: Sows

Sows Number of samples 546
Mean of copper in feed (mg/kg) 21
P10 13
Median 20
P90 29
Range used 5-40
% samples above limit (25) 20.1
% samples below limit (25) 79.9

Copper concentration (mg/kg)

Number of samples per country: BE: 3; CZ: 79;
DE: 345; EE: 8; GR: 6; HU: 53; IT: 7; LU: 15; PT:
16; SI: 6; UK: 8.
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Figure and Table D.9:

Percentage

Figure and Table D.10:

Percentage

Percentage

Figure and Table D.12:

25

20 +

Percentage

15 4

10

Calves milk replacer
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Calves milk replacer Number of samples 111
--- ML Mean of copper in feed (mg/kg) 8
P10 4
Median 8
P90 13
Range used 2-18
% samples above limit (15) 3.6
Nmew e~ g sy, os oo s ow | % samples below limit (15) 96.4

Copper concentration (mg/kg)

Fattening cattle

Fattening cattle
0

——= ML

30

20

10

3 reeereee—-—-

Number of samples per country: BE: 2; CZ: 19;

DE: 78; LU: 9; SI: 3.

Number of samples 42
Mean of copper in feed (mg/kg) 13
Median 12
Range used 5-40
% samples above limit (35) 0
% samples below limit (35) 100

Number of samples per country: DE: 32; SI: 1;

UK: 9.

[ ] [ ]
31
Mean of copper in feed (mg/kg) 16
Median 13
Range used 5-40
% samples above limit (35) 6.5
% samples below limit (35) 93.5

wn =} wn o wn
= — ~ ~

30
35
40

Copper concentration (mg/kg)

Sheep

EE: 1; GR: 1; UK: 7.

Number of samples per country: CZ: 7; DE: 15;

© ~ o o o ] ~
= — =

13

Copper concentration (mg/kg)

Sheep
--- MLE Number of samples 30
i Mean of copper in feed (mg/kg) 9
i Median 8
i Range used 5-18
i % samples above limit (15) 0
i % samples below limit (15) 100

Number of samples per country: DE: 9; GR: 15;

HU: 3; UK: 3.
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Figure and Table D.13: Goat
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Percentage

n © o o
B

Goat ——-m Number of samples 8
H Mean of copper in feed (mg/kg) 9
] Median 9
i Range used 5-40
: % samples above limit (25) 0
: % samples below limit (25) 100
]
]

Copper concentration (mg/kg)

Figure and Table D.14: Rabbits

Rabbits
50

18

Number of samples per country: GR: 7; UK: 1.

——- ML

Percentage

Number of samples 202
Mean of copper in feed (mg/kg) 20
P10 14
Median 19
P90 25
Range used 5-40
% samples above limit (25) 10.4
% samples below limit (25) 89.6

DE: 116; HU: 3; IT: 1; SI: 2.

Number of samples per country: BE: 2; CZ: 78;

Percentage

I 40
Mean of copper in feed (mg/kg) 13
Median 13
Range used 5-40
% samples above limit (25) 0
% samples below limit (25) 100

n o n
— —

Copper concentration (mg/kg)

Figure and Table D.16: Dogs

Dogs
40

20

-———ML

EE: 1; GR: 3; UK: 3.

Number of samples per country: CZ: 1; DE: 32;

30

20

Percentage

Copper concentration (mg/kg)

Number of samples 131
Mean of copper in feed (mg/kg) 15
P10 10
Median 14
P90 23
Range used 5-40
% samples above limit (25) 6.9
% samples below limit (25) 93.1

HU: 16; SI: 4; UK: 7.

Number of samples per country: CZ: 79; DE: 25;
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Figure and Table D.17:

Cats

60
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Percentage

o n
- -

Cats
== M Number of samples 53
Mean of copper in feed (mg/kg) 16
' P10 12
E Median 17
! P90 21
! Range used 5-40
1 % samples above limit (25) 1.9
i % samples below limit (25) 98.1

o
S

Copper concentration (mg/kg)

Table D.18:

30

Number of samples per country: CZ: 38; DE: 11;

SI: 2; UK: 2.

Data from Norwegian Seafood Safety Authority’s Annual Monitoring

Programme (2000-2014) by the National Institute of Nutrition and Seafood Research

(NIFES)

Copper in fish feed (for salmon and rainbow trout, mg/kg feed DM). From: Sissener et al. (2013) and

Sanden et al. (2014, 2015)

Year Samples (n) Mean Range
2000 83 11.6 5.4-18.0
2001 23 13.5 9.7-14.6
2002 33 9.3 4.4-15.6
2003 39 9.7 2.7-15.3
2004 40 10.9 5.3-21.0
2005 23 8.7 2.5-15.0
2006 49 ° 99f°F ° 2.6-17.0
Anti Additive::s
2008 21 13.3 8.6-21.0
2009 25 10.1 8.0-13.0
2010 23 9.7 4.7-15.0
2011 25 9.6 4.9-15.5
2012 23 10.1 5.9-17.0
2013 69 9.2 5.1-18.0
2014 73 10 5.0-65.0
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Appendix E — Specifications of the literature search: influence of copper in
the development of antimicrobial resistance of bacteria in the environment

A literature search was conducted to answer the review question ‘Does the concentration of copper
in soil trigger antibiotic resistance in soil bacteria?’

The literature was searched in three databases (AGRIS, ISI Web of Knowledge and PubMed) on
9 February 2016. The following search string was used: copper OR Cu OR copper sulphate AND soil
OR environment AND antibiotic resistance OR antimicrobial resistance.

A total of 574 records were collected from the three databases and included in an EndNote Library.
Four references collected from European countries and four references cited in the Chapter in the
previous Scientific Opinion on copper?® were also included. Elimination of duplicates resulted in 556
remaining references. After Title and Abstract screening, the references were classified into
Appropriate, Doubtful or Excluded. The distribution was as follows: 93 Appropriate, 46 Doubtful and
417 Excluded.

An additional review aiming to reduce the number of Appropriate references was done. Three
criteria were proposed for such review: (@) papers published since 2011 and onwards; (b) dealing
simultaneously with Copper and Soil/Environment; and (c) studies conducted in Europe. (The last
criterion was, in the end, not applied, because of the low number of studies remaining). After this
review, 41 references were selected. A revision of the papers was conducted and they were allocated
to one of the following six categories:

Aquatic environment polluted with antibiotics and heavy metals
Correlation between heavy metals and antibiotic resistance
Co-transfer of heavy metal and antibiotic resistance

Manuring

Copper and antibiotic resistance in sediments

Copper and antibiotic resistance in wastewater

26 EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2012. Scientific Opinion on
the safety and efficacy of copper compounds (E4) as feed additives for all animal species: cupric sulphate pentahydrate based
on a dossier submitted by Manica S.p.A. EFSA Journal 2012;10(12):2969, 38 pp. doi:10.2903/j.efsa.2012.2969
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Appendix F — Calculations derived from data of pigs and bovids feed to
obtain estimations of savings of copper emissions to the environment

Corrected compound

Quantity of

Target EU compound feed EU feed production copper saved

:zt::::ls ! CAMC NPMC R((Ia:u;:lt(lo)n production in 2015 w?tsl:lm?sts?: fr:aTeMos from going into

category 9/kg (x1,000 tonnes) informgtion 90 fields (tonnes/
(x1,000 tonnes) year)

Piglet, 170 25 145 4,308 5,980 868

weaned

Cattle for 35 30 5 7,401 10,900 54

fattening

Dairy cow 35 30 5 17,155 22,600 113

Goat 25 35 -10 849 -8
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Annex A — Examples of copper enzymes

Enzymes

Function

Comments

Amine oxidases
Benzylamine oxidase
Diamine oxidase
Indole 2,3-dioxygenase
Spermine oxidase

Ceramide glactosyl
transferase

Multi-copper ferroxidases
Ceruloplasmin, GPI-
ceruloplasmin, hephaestin,
zyklopen

Hephaestin

Ferroxidase for cellular
export of iron
Ceruloplasmin

Plasma metallo/ferroxidase

Cytochrome c oxidase

Dopamine-B-hydroﬁ(i)Ié;sé

Lysyl (and hydroxylysine)
oxidase

Monoamine oxidase

Peptidylglycine
a-amidating
mono-oxygenase

www.efsa.europa.eu/efsajournal

Deamination of
primary amines

Myelin synthesis

Copper transport,
oxidation
Iron trafficking

Electron transport,
terminal oxidase

’ Norepinephrine_amd_ 1
".epinephrine synthesis

Cross-linking of
collagen and elastin

Neurotransmitter
synthesis

Neuropeptide
processing

Present in all eukaryotes; catalyse the oxidation of biogenic
amines (e.g. tyramine, histidine and polyamines) producing
oxidised organic products, usually aldehydes, and generating
NHs and H,0, as by-products

Responsible for synthesis and maintenance of phospholipid
membranes. Ganglioside lipid components (ceramide) are

synthesised in the endoplasmic reticulum and glycosylated
by glycosyltransferase in the Golgi network compartments

Multicopper oxidase containing 65-90% of vertebrate serum
copper; six tightly bound copper ions at two distinct
molecular sites; one appears to activate oxygen; the other
appears to be involved in electron transport. CP likely major
copper transport molecule in higher mammals by binding to
cellular membrane receptors and releasing Cu
Aceruloplasmic individuals (humans and knockout mice)
show severe difficulties with iron overload in central nervous
system (CNS); deficiency may manifest as neurological
damage but minimal (if any) difficulties with Cu metabolism

Mitochondrial oxidative phosphorylation transfer of electron
to 02

Terminal enzyme in the respiratory chain, located in the
inner membrane of mitochondria and bacteria

Catalyses the reduction of O, to water; pumps one proton
across membrane for each proton consumed in the reaction
to generate electro-chemical gradients that can be used for
6ther cellular purpose§ (elg. ATP synthesis). Deficiency may
lead to'braip’abnofmalities, hypethermiajmuscle weakness
Catalyses ‘convérsion“of dopamine‘to nerepinephrine.
Deficiency may lead to neurological effects, possible
hypothermia

Secreted enzyme catalysing the deamination of peptidyl
lysine residues forming inter- or intrachain covalent cross-
links in elastin and collagens. Critical extracellular matrix
integrity lung, bone matrix, cardiovascular integrity. Found in
the nucleus where it may function in chromatin
organisation

Found predominantly on the outer mitochondrial membrane
throughout the CNS. Two isozymes both of which oxidise
the neurotransmitters dopamine, epinephrine, tyramine and
tryptamine, although monoamine oxidase (MAO)-A
selectively oxidises serotonin; MAO-B oxidises
phenylethylamine and benzylamine. Deficiencies of MAO-A
result in disturbed systemic amine metabolism, borderline
mental retardation and possible cardiovascular and
behavioural abnormalities. Monoamine oxidase inhibitors

Multifunctional protein involved in the maturation of
bioactive hormones (e.g. neurotransmitters and growth
hormones) containing two enzymes that act sequentially to
catalyse the alpha-amidation of neuroendocrine peptides
Melanocyte-stimulating hormone

Degradation of amines, e.g. serotonin, catecholamines,
dopamine and tyramine
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Enzymes

Function

Comments

Polyphenol oxidase/
tyrosinase

Prostaglandin reductase

Uricase

(Cu-Zn) superoxide
dismutase

Diamine oxidase
Tryptophan 2,3-

dioxygenase
Indole 2.3-dioxygenase

Thiol oxidase
Ascorbate oxidase

Galactose oxidase

Haemocyanin

Stellacyanin

Rusticyanin

Plastocyanin

Laccase

Quinone biosynthesis
Pigment (melanin)

Tyrosine—dopa—dopaquinone—melanin production
Polyphenol oxidase oxidises tyrosine to

synthesis; amino acid = dihydroxyphenylalanine which in turn is oxidised to

metabolism

Prostaglandin
biosynthesis

Nucleic acid
metabolism

Destruction of

superoxide radicals

Terminal oxidase

Carbohydrate
~metabolism

\/\oxygen transport |

Electron transport;
superoxide radicals

Electron transport

Electron transfer in
plants

Terminal oxidase

o-quinone
Oxidises tyrosine to the pigment melanin in mammals.
Deficiency leads to hypopigmentation

Responsible for reduction of 15-oxoprostaglandins to
13,14-dihydro derivatives

Hepatic and renal metabolism of uric acid

Termination of purine catabolism

Also found in tissues of lower mammals and in some plants
and microorganisms

Superoxide conversion

Cytosolic antioxidant; 20~, + 2H* <= H,0, + O,

Deficiency results in sensitivity to oxidative stress

Degrades histamine and polyamines Tryptophan to N-formyl-
I-kynurenine

Indole to 2-formylaminobenzaldehyde

Formation of disulphide linkages

Found in a wide variety of fruits and vegetables, including
Valencia oranges, cucumbers and zucchini. Couples
one-electron oxidation of ascorbate to full molecular
reduction of O, to water

Fungi: Catalyse the oxidation of primary alcohols to their
corresponding aldehydes; hydrogen peroxide often
produced. In fungi, may be involved in breaking down the
plant cell wall prior tolinvasion

Blue respiratory) protein [(oxygen caFriJof decapod

" Crustaceans stich as‘lobster; crabs and"€rayfish (contrast

with iron-containing blood pigments such as haemoglobins
(red), myoglobins (red), chlorocruorins (green) and
haemerythrins (violet)

Found in fungi and some plants including the sap of
Japanese lacquer trees, cucumber peel, horseradish roots,
and Arabdiopsis thaliana

Appear to be elements of cell wall, and may be involved
with oxidative cross-linking reactions, along with
peroxidases, ascorbic acid oxidase and laccase

Found in fungi and Gram-negative bacteria. Can tolerate
extremes of pH

Small (10.5 kDa) protein functioning as an electron carrier
between the cytochrome b6f photosystem 1 (PS 1)
complexes in the photosynthetic electron-transfer chain

Found in plants and fungi. Catalyses the four-electron
reduction of O, to H,0, and depolymerises lignin

Reference

Stern BR, Solioz M, Krewski D, Aggett PJ, Aw T-C, Baker S, Crump K, Dourson M, Haber L, Hertzberg R, Keen C,
Meek B, Rudenko L, Schoeny R, Slob W and Starr T, 2007. Copper and Human Health: Biochemistry, Genetics,
and Strategies for Modeling Dose Response Relationships. Journal of Toxicology and Environmental Health, Part
B. Critical Reviews, 10, 157-222.
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Annex B — Copper concentration in feed materials

Table B.1 (I):

‘ J: EFSA Journal

Copper concentration in feed materials according to CVB® feed composition tables (in

mg/kg feed material as is) and in mineral feed materials according to Batal and Dale (2008)

Feed materials mg/kg Feed materials mg/kg
Alfalfa meal 6-9 Barley 4
Barley feed (residue of polishing) 9 Barley milling by-product 6
Beans (phaseolus) heat treated 9 Biscuits 2-3
Blood meal spray dried 11 Bone meal 4
Bread meal 1 Brewers’ grains dried 20
Brewers’ yeast dried 9 Buckwheat 10
Canary seed 5 Carob 3
Casein 1 Chicory pulp dried 6
Citrus pulp dried 5 Coconut expeller 29-32
Coconut extracted 31 Cotton expeller with hulls 16
Cotton extracted with hulls 15 Distillers grains and solubles 5
Fat from animals 2 Feather meal hydrolysed 11
Fish meal 6-8 Grass meal 8
Horsebeans 13 Horsebeans white 13
Lentils 10 Linseed 12
Linseed expeller 18 Linseed extracted 17
Lupins 5-6 Maize 1
Maize chemically-heat treated 2 Maize feed meal extracted 3
Maize feed flour 2 Maize germ meal expeller/extracted 5-7
Maize gluten feed 56 Maize gluten meal 7
Malt culms j - " t » 13~ Meatand bone meal 8-9
Meat meal | 15-50 ~ Milk powder, skimmed 1
Milk powder whole| f_' & K __ __ 5 __ :l MiII_eE ___ ) | ___ : __ : ___ ___ 6
Nigerseed 13 Oats grain 4
Oats grain peeled : . 3 Oats husk meal 2
Palm kernels 13 Palmkern expeller 23-24
Peanut expeller 21 Peanut extracted 33-34
Peas 7 Potatoes sweet dried 6
Potato pulp 6 Potato starch 1
Potato protein 23-33  Rapes meal 4
Rapeseed 3 Rapeseed expeller 7
Rapeseed extracted 5-6 Rice bran meal extracted 11
Rice feed 7-8 Rice with hulls 1
Rye 3 Sesame seed meal extracted 43
Soybean meal 11-15  Sorghum 3
Soybean hulls 8 Soybean expeller 18
Sugarbeet pulp 4-8 Soybeans 12
Sunflowers with hulls/dehulled 14 Sugarbeet/sugarcane molasses 6-9
Sunflower meal 28-36  Sunflower expeller with hulls/dehulled 28
Triticale 5 Tapioca 2-4
Wheat 3 Vinasse sugarbeet 8
Wheat feed meal 11 Wheat bran 31
Wheat germ 10 Wheat feed flours 6
Wheat gluten meal 6 Wheat germ feed 10
Wheat middlings 10 Wheat gluten feed 7
Whey powder partially delactosed 3 Whey powder 1
(a): Centraal Veevoederbureau (CVB). 2009. Feed Tables. Produktschap Diervoeding, the Netherlands.

(b): Batal and Dale. 2008. Feedstuffs September 10, p. 16.
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Table B.1 (II):

‘ J, EFSA Journal

Copper concentration in feed materials according to CVB® feed composition tables

(in mg/kg DM) and in mineral feed materials (in mg/kg as is) according to Batal
and Dale (2008)©

Moisture-rich feed materials mg/kg DM  Moisture-rich feed materials mg/kg DM
Beet pulp fresh/ensiled 5 Wheat starch 6-7
Brewers yeast 15 Brewers grains 7-16
Whey 13-19 Corn cob meal 2-3
Maize gluten feed fresh/ensiled 5 Chicory pulp fresh/ensiled 10
Potato starch, different products 10-15 Maize solubles 14
Potato juice concentrate 47 Potato pulp 4-6
s::dguhca;ges and comparable mg/kg DM 'I:::dguhcaées and comparable mg/kg DM
Beet leaves ensiled 10 Cucumber fresh 2
Clover red silage 11 Gras, average 89
Gras silage, average 8 Green cereals silage 6
Lucerne (alfalfa) ad® 9 Lucerne silage 9

Maize (fodder) ad® 4 Maize silage 4
Maize, fresh 4 Whole crop silage (cereals) 5
Mineral feed materials mg/kg Mineral feed materials mg/kg
Bone meal (steamed) 16 Diammonium phosphate 80
Difluorinated phosphate 22 Dicalcium phosphate 80
Mono-dicalcium phosphate 70 Monoammonium phosphate 80
Calcium carbonate/limestone 24

(a): Centraal Veevoederbureau’(CVB). 2009. Feed Tables. Produktschap Diervoeding, the Netherlands.

(b): ad: air dried.

(c): Batal and Dale. 2008, Féedstuffs September 10;7px, 167

Table B.2:

mg/kg-feed-material as is)

Copper-coneéntration in' feed materials according t6 INRA® feed c8Mmposition tables (in

Cereals mg/kg + SD Cereals mg/kg + SD
Barley 9+5 Maize 24+1
Oats 3+1 Oats groats 3

Rice, brown 2 Rye 5
Sorghum 442 Triticale 6+ 3
Wheat, durum 7 Wheat, soft 5+10
Wheat by-products mg/kg + SD Wheat by-products mg/kg + SD
Wheat bran 17 + 25 Wheat middlings 12 +2
Wheat shorts 14 Wheat feed flour 6

Wheat gluten feed, starch 25% 7 Wheat gluten feed, starch 28% 7

Maize by-products mg/kg + SD Maize by-products mg/kg + SD
Corn distillers 10 Corn gluten feed 5+4
Corn gluten meal 11+ 4 Maize bran 3

Maize germ meal, solvent extracted 12 Hominy feed 7

Other cereal by-products mg/kg + SD  Other cereal by-products mg/kg + SD
Barley rootlets, dried 10 Brewers’ dried grains 18 +5
Rice bran, extracted 14 Rice bran, full fat 7+4
Rice, broken 1
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Legume and oil seeds mg/kg - SD Legume and oil seeds mg/kg + SD
Chickpea 6 Cottonseed, full fat 10+1
Faba bean, coloured flowers 12 +£2 Faba bean, coloured flowers 11
Linseed, full fat 12 Lupin, blue 5

Lupin, white 4 Pea 7+1
Rapeseed, full fat 3 Soybean, full fat, extruded 3
Soybean, full fat, toasted 3 Sunflower seed, full fat 2

Oil seed meals mg/kg + SD Oil seed meals mg/kg + SD
Copra meal, expeller 32 Cottonseed meal, CF 7-14% 19
Cottonseed meal, CF 14-20% 10 Grapeseed oil meal, solvent extracted 21
Groundnut meal, detoxified, 17 Groundnut meal, detoxified, CF > 9% 15

CF < 9%

Linseed meal, expeller 18 Linseed meal, solvent extracted 19

Palm kernel meal, expeller 21 Rapeseed meal 9
Sesame meal, expeller 34 Soybean meal 18 +7
Sunflower meal, partially 62 Sunflower meal, undecorticated 27
decorticated

Other plant by-products mg/kg = SD Other plant by-products mg/kg + SD
Beet pulp, dried 542 Beet pulp dried, molasses added 4

Beet pulp, pressed 1 Brewers’ yeast, dried 47

Carob pod meal 3 Citrus pulp, dried

Grape marc, dried 75 Liquid potato feed 2
Molasses, beet 13 Molasses, sugarcane 29

Potato protein concentrate’ 38 Potato pulp, dried 7
Soybean hulls P 8 + 3 Vinasse), from yeast pfoduction 9
Dehydrated forages mg/kg Dehydrated forages mg/kg += SD
Alfalfa, dehydrated, protein- 59 ! Grass, dehydrated 7+1
Wheat straw 3

Dairy products mg/kg Dairy products mg/kg
Milk powder, skimmed 3 Milk powder, whole 2

Whey powder, acidic 2 Whey powder, sweet 2

Fish meals and solubles mg/kg = SD Fish meals and solubles mg/kg + SD
Fish meal, protein 62% 9 Fish meal, protein 65% 7+1
Fish meal, protein 70% 7 Fish solubles, condensed, defatted 36

Other animal by-products mg/kg = SD Other animal by-products mg/kg + SD
Blood meal 5+0 Feather meal 9+1
Meat and bone meal, fat 20 Meat and bone meal, fat > 7.5% 20

< 7.5%

(a): INRA, 2004. Tables of composition and nutritional value of feed materials. Wageningen Academic Publishers, the Netherlands

& INRA, Paris, France.

Table B.3:

Copper concentration (mg/kg DM) in various cereal grains (Rodehutscord et al. 2016)

Cereal grains Genotypes (n) Mean Range

Barley 21 5.01 4.27-6.20

Maize 27 2.04 1.04-4.11

Oats 11 3.64 3.15-4.25

Rye 22 4.26 3.74-4.87

Triticale 21 4.94 4.24-6.42

Wheat 29 4.27 3.59-5.42
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Reference

Rodehutscord M, Riickert C, Maurere HP, Schenkel H, Schippreck W, Bach-Knudsen KE, Schollenberger M, Laux M,
Eklund M, Siegert W and Mosenthin R, 2016. Variation in chemical composition and physical characteristics of
cereal grains from different genotypes. Archives of Animal Nutrition, 70, 87-107.

Table B.4: Copper content (mg/kg DM) in grass silages from Baden-Wurttemberg (Germany) from
1995-2004 and 2008-2013 (Leberl et al., 2005; Schenkel, 2014)

Year Cut Number of samples Copper
1995 1st 37 6.8°
2nd ff 19 7.7°
1996 1st 261 7.3
2nd ff 60 7.6
1997 1st 225 7.0
2nd ff 70 7.2
1998 1st 202 7.52
2nd ff 97 7.9°
1999 1st 196 8.3
2nd ff 49 8.8
2000 1st 209 8.4°
2nd ff 72 9.1°
2001 1st 110 8.2
2nd ff 88 8.3
2002 1st 283 7.07
2nd ff 122 7.6°
2003 IS — 224 7.2°
"2ndrff: 70 7.8°
2004 AR ) Akl ANl Arkry 728
Sad’) ANU AQQIll Ve
2008 N 90 7.1 (4.6-12.4)
2nd 70 7.7 (6.1-11.4)
3rd 32 8.4 (6.6-10.7)
4th 12 9.1 (7.7-10.4)
2009 1st 67 8.2 (3.8-10.4)
2nd 35 8.9 (3.8-11.9)
3rd 13 9.8 (7.9-11.6)
4th 11 9.4 (7.6-10.7)
2011 1st 80 9.2 (6.0-15.0)
2nd 28 9.7 (7.1-11.7)
2012 1st 61 8.3 (5.1-12.1)
2nd 17 8.9 (6.1-12.2)
2013 1st 53 7.3 (5.1-12.0)
2nd 19 6.8 (4.0-8.3)
ff: following

ab: Different superscripts within a year indicate significant differences between cuts (p < 0.05).

References

Leberl P, Kiefer S and Schenkel H, 2005. Comparison of composition of grass silages in Baden-Wuerttenberg
(Germany) between 1995-2004 (in German) Proceedings 14th Conference on Nutrition of Farm Animals,
Zadravec-Erjavec (Slovenia) 14.-15.11.2005, pp. 126-132.

Schenkel H, 2014. Annual Reports of the County Research Station of Agricultural Chemistry, University Hohenheim
(Germany).
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Annex C — Background concentration of copper in complete feed, from

several sources

Table C.1: Background concentration of copper in a representative complete feedingstuff for a list
of animal species/categories using CVB® and INRA® trace element composition tables(

Number of feed

materials in the

Total copper background

concentration (mg/kg as such)

in complete feedingstuff

formula cVB INRA®
Starter chicks (complete feed) 15 8.4 9.4
Chicken reared for laying (complete feed) 17 9.2 8.8
Layer Phase I (complete feed) 16 9.1 12.0
Layer Phase II (complete feed) 16 9.8 11.7
Broiler Starter (complete feed) 14 6.9 11.6
Broiler Grower (complete feed) 15 6.9 10.6
Broiler Finisher (complete feed) 15 6.8 10.6
Turkey Starter (complete feed) 14 9.5 11.0
Turkey Grower (complete feed) 13 9.5 11.7
Turkey Finisher (complete feed) 11 8.8 10.5
Turkey Breeder (complete feed) 8 5.3 6.1
Duck, grower/finisher (complete feed) 10 6.2 8.1
Geese, grower/finisher (complete feed) 8 6.9 8.9
Piglet Starter I (from weaning) 9 5.4 11.2
Piglet Starter II (complete feed) 20 6.1 7.8
Pig Grower (complet€ feed) 19 5.8 7.8
Pig Finisher (complétg .fee;d:) v_‘ \ o : : \ 18 __ P : : :6;5 ¥ o 8.4
Sows, gestating (complete feed)”, i\t W18 4 W/ I 104/ _:_ 10.2
Sows, lactating (complete-fegd) 20 7.5 9.2
Calf, milk replacer (complete feed) 10 4.8 5.0
Calf (complete feed) 17 8.4 9.1
Calf concentrate (complementary feed) 16 8.9 11.3
Cattle (complete feed)® 9 6.7 8.1
Cattle concentrate (complementary feed) 8 6.2 8.5
Dairy cows TMR (based on corn silage)® 15 6.3 5.5
Dairy cows TMR (based on grass silage)® 15 7.1 6.5
Dairy concentrate (complementary feed) 13 8.9 10.2
Dairy cows mineral feed (min. 40% crude ash) 8 19.5 19.5
Goats (complete feed)® 7 12.5 13.4
Sheep (complete feed)® 14 71 8.8
Horse (complete feed)® 6 11.9 9.9
Rabbit, breeder (complete feed) 8 10.0 12.8
Rabbit, grower/finisher (complete feed) 14 14.1 12.2
Salmon feed (wet)® 4 4.9 4.6
Salmon feed (dry) 6 7.4 7.4
Trout feed (dry) 12 10.0 11.7
Dog food (dry) 12 4.7 9.9
Cat food (dry) 16 7.4 11.4

(a): CVB, 2009. Feed Tables. Productschap Diervoeding, the Netherlands.
(b): INRA, 2004. Tables of composition and nutritional value of feed materials. Wageningen Academic Publishers, the Netherlands

& INRA, Paris, France.

(c): For mineral sources element concentrations were used from Batal and Dale. 2008. Feedstuffs September 10, p. 16.
(d): For feed materials without Cu content in the INRA tables, CVB values were used to complete the data set.

(e): On DM basis.
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Annex D — Copper concentration in food of animal origin

Table D.1:
tables

Copper content of different foodstuffs extracted from the German Food Composition

Food of animal origin

Average (range)
(mg/kg fresh matter)

Food of animal origin

Average (range)
(mg/kg fresh matter)

Milk Meat/muscle
Human 0.35 (0.22-0.77) Beef, only muscle 0.87 (0.70-1.20)
Cow (raw milk) 0.10 (0.02-0.30) Veal, only muscle 1.60 (0.90-2.40)
Goat 0.11 (0.08-0.75) Sheep, only muscle 0.90 (0.50-1.30)
Sheep (ewe’s milk) 0.15 (0.09-0.88) Lamb, only muscle 1.70 (1.30-2.40)
Eggs Pork, muscles only 0.88 (0.60-0.90)
Laying hens (whole egg) 0.65 Rabbit, meat 1.50
Some Fish Chicken for fattening 0.42
Flounder 0.47 Turkey for fattening 1.10 (0.40-1.80)
Halibut 0.41 (0.26-2.30) Liver
Herring (Atlantic) 1.23 (0.75-4.40) Beef 32
Cod 0.53 (0.15-4.70) Calf 55 (35-79)
Mackerel 1.14 (0.55-2.00) Sheep 76 (45-110)
Horse mackerel 0.57 (0.44-1.90) Pig 13 (9-16)
Sardine 1.70 Chicken for fattening 3.20 (1.50-4.10)
Plaice 0.42 (0.10-5.50) Heart
Alaska pollack 0.35 Beef 3.00
Tuna 0.51 Calf 3.20 (2.90-3.40)
Eel ) 7~ 0.87(0.40-0.91) Sheep 4.50
Trout \ 1.47 (0.39-1.70) Pig 4.10
Carp AR YA AL A A ATFivza
Salmon /)< 1.29 (0'68-2.00) Beef A\ AT
Blood 4 Kidney
Beef 0.90 Beef 4.30 (3.70-4.40)
Calf 3.70
Sheep 3.50
Pig 7.80 (6.0-7.9)
Reference

Souci SW, Fachmann W and Kraut H, 2008. Food Composition and Nutrition Tables. Seventh
Edition. MedPharm Scientific Publ. and Taylor Francis, pp. 231-580.

Tables D.2 (from D.2 (I) to D.2 (XII)). Copper content in animal tissues and products extracted

from literature sources
Table D.2 (I):

Published data on copper concentrations in liver, kidney and muscle in cattle.

Average concentrations (mg/kg fresh weight) are given. The numbers of samples
analysed are in parentheses (from Lopez-Alonso et al., 2000)

Liver Kidney Muscle Country Reference

64.6 (437) 4,91 (427) 0.677 (438) Spain (calves) The study of reference
60.3 (56) 3.67 (56) 1.26 (56) Spain (cows) The study of reference
33.8 (180) 4.9 (178) 1.9 (181) Australia Kramer et al. (1983)
23.5 (1,101) 4.36 (1,226) 1.33 (1,795) Australia Langlands et al. (1987)
30.3 (11) 3.4 (11) 0.74 (10) Burundi® Benemariya et al. (1993)
56.80 (2,138) 5.00 (2,138) - Canada® Salisbury et al. (1991)
137 (210) 6.69 (209) - Canada®© Salisbury et al. (1991)
29 (147) 5.6 (147) 1.2 (147) Poland Falandysz (1993)
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Liver Kidney Muscle Country Reference

39 (7) 3.7 (6) 0.87 (7) Sweden©@ Jorhem et al. (1989)

28.497 (6) 4.180 (6) 3.292 (6) Slovac Republic® Kottferova and Korénekova (1995)

- 3.7 (70) - Netherlands® Ellen et al. (1989)

65.5 (13) 4,39 (13) - United Kingdom(© Ministry of Agriculture, Fisheries
and Food (1988)

(a): Cows.

(b): Cattle.

(c): Veal.

(d): 2 or more years.

(e): Dairy cows, heifers, bulls.
(f): 1-8 years old (mean 3.4).
(g): Cow and ox.

Reference

Lépez Alonso M, Benedito JL, Miranda M, Castillo C, Hernandez J and Shore RF, 2000. Toxic and
trace elements in liver, kidney and meat from cattle slaughtered in Galicia (NW Spain). Food Additives
and Contaminants, 17, 447-457.

Table D.2 (II): Copper content in liver of ruminants (mg/kg FW) (data from feeding studies)

Species Cu content in diet Cu content in liver Reference

Sheep 21.2 mg Cu/kg DM 57.5-81.3 Pal et al. (2010)
Bovine (cattle for fattening) 8.2-20.2 mg/kg TMR 2.0-18.7 Hansen et al. (2008)
Bovine (dairy cows) 11.0-17.3 mg Cu/kg TMR 37.0-157.8 Du et al. (1996),

Hackbart et al. (2010)

References

Du Z, Hemken RW and Harmons.RJ, 1996. Copper metabolism of Hplsteingand| Jersey cows and heifers fed diets
high in cupric sulfate/or ‘copper|proteinatéIournallof Dairy,Sciefice 479 1873-1880.

Hackbart K, Rerreira Ry Digetsche.A, Socha\M, Shaver R, Wiltbahk\Méand,Fricke PP, 2010. ‘Effect of dietary organic
zinc, manganese, ‘copper-and’cobalt supplementation on milk production, follicular growth, embryo quality and
tissue mineral concentrations in dairy cows. Journal of Animal Science, 88, 3856-3870.

Hansen S, Schlegel P, Legleiter R, Lloyd K and Spears ], 2008. Bioavailability of copper from copper glycinate in
steers fed high dietary sulfur and molybdenum. Journal of Animal Science, 86, 173-179.

Pal D, Gowda N, Prasad C, Amarnath R, Bharadwaj U, Suresh Babu G and Sampath K, 2010. Effect of copper- and
zinc-methionine supplementation on bioavailability, mineral status and tissue concentrations of copper and zinc
in ewes. Journal of Trace Elements in Medicine and Biology, 24, 89-94.

Table D.2 (III): Copper content in bovine liver (mg/kg FW) (data from miscellaneous studies)

Type of study/variables tested Cu content in liver Reference

Survey (2000-2009) of EU data 20-90 Dermauw et al. (2014)
Soil fertilised with pig manure Lépez-Alonso et al. (2000)
Soil with 5-10 mg Cu/kg 2.9-301 (median: 39.3); n = 213

Soil with 150 mg Cu/kg 91.2-159 (median: 112); n =3

Survey (data from 2005) from the Belgian Federal Food Safety Agency Waegeneers et al. (2009)
Cu-polluted soil 3.1-279; n =53

Non-polluted soil 1.9-395; n =97

References

Dermauw V, Lopez Alonso M, Duchateau Luc, Du Laing G, Tolosa T, Dierenfeld E, Clauss M and Janssens GPJ,
2014. Trace Element Distribution in Selected Edible Tissues of Zebu (Bos indicus) Cattle Slaughtered at Jimma,
SW Ethiopia. PLOS One 9, €85300.

Lopez-Alonso M, Benedito L, Castillo C, Hernandez J and Shore R, 2000. The effect of pig farming on copper and
zinc accumulation in cattle in Galicia (North-Western Spain). The Veterinary Journal, 160, 259-266.

Waegeneers N, Pizzolon J-C, Hoenig M and De Temmerman L, 2009. Accumulation of trace elements in cattle from
rural and industrial areas in Belgium. Food Additives and Contaminants, 26, 326-332.
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Table D.2 (IV): Published data on copper concentrations in pig liver, kidney and muscle (from
Lopez-Alonso et al., 2007)

Liver Kidney Muscle Country Reference

12.0 (662) 7.3 (607) - Canada Korsrud et al. (1985)

12.2 (2,062) 7.58 (2,061) - Canada Salisbury et al. (1991)

16 (4) 6.0 (4) 0.87 (20) Finland Nuurtamo et al. (1980)

- - 0.5 Italy Lombardi-Boccia et al. (2005)
- 7.9 (71) - Netherlands® Ellen et al. (1989)

6.2 (804) 6.2 (805) 0.7 (926) Poland Falandysz and Lorenc-Biala (1989)
8.5 (661) 8.4 (663) 1.1 (658) Poland Falandysz (1993a)

9.0 (126) 6.1 (75) 0.9 (126)  Sweden® Jorhem et al. (1989)

60.5 (13) 3.57 (13) - UK MAFF (1998)

11.1 (326) 6.65 (321) 1.16 (326)  USA®© Coleman et al. (1992)

18.3 (282) 6.73 (281) 0.93 (281)  USA@ Coleman et al. (1992)

Values shown are average concentrations (mg/kg fresh weight). The numbers of samples analysed are in parentheses.
(a): Age of 4-24 months (mean = 7 months).

(b): Age of around 6 months.

(c): Market hogs.

(d): Adults.

Reference

Lopez-Alonso M, Miranda M, Castillo C, Hernandez J, Garcia-Vaquero M and Benedito JL, 2007. Toxic and essential
metals in liver, kidney and muscle of pigs at slaughter in Galicia, north-west Spain. Food Additives and
Contaminants 24, 943-954.

Table D.2 (V): Copper concentrations in horse liver (mg/kg FW)

Cu content Reference

6.9 EZAYS | AN s [ Goenen Q013N s~ g " I\ /2N
5583 A\ w7 ) y Elinder et'alin(1981)

5.3-6.7 Koizumi et al. (1989)

References

Coenen M, 2013. Macro and trace elements in equine nutrition; in: Equine and Appled Clinical Nutrition, Eds. R.
Geor, P. Harris, M. Coenen, Saunders/Elsevier, London, pp 190-228.

Elinder C-G, Nordberg M, Palm B and Piscator M, 1981. Cadmium, zinc and copper in horse liver and in horse liver
metallothionin: comparisons with kidney cortex. Environmental research, 26, 22-32.

Koizumi N, Inoue Y, Ninomiya R, Fujita D and Tsukamoto T, 1989. Relationship of cadmium accumulation to zinc
and copper concentration in horse liver and kidney. Environmental Research, 49, 104-114.

Table D.2 (VI): Copper concentrations in milk (mg/L; range or average with SD) extracted from
feeding studies

Concentration of Cu in diet

Copper in milk (mg/kg DM) Reference

0.17-0.20 33-36 Sol-Morales et al. (2000)
0.13-0.20 8

0.15-0.20 15-42 Schwarz and Kirchgessner (1978)
0.036 + 0.014 19 Pechova et al. (2008)
0.050-0.056 14.2 Rey-Crespo et al. (2014)
References

Pechova A, Pavlata L, Dvordk R and Lokajova E, 2008. Contents of Zn, Cu, Mn and Se in milk in relation to their
concentrations in blood, milk yield and stage of lactation in dairy cattle. Acta Veterinaria Brno, 77, 523-531.
Rey Crespo F, Lopez-Alonso M and Miranda M, 2014. The use of seaweed from the Galician coast as a mineral

supplement in organic dairy cattle. Animal, 8, 580-586.

www.efsa.europa.eu/efsajournal 96 EFSA Journal 2016;14(8):4563



‘ J: EFSA Journal

Revision of maximum authorised content of copper in feed

Schwarz FJ and Kirchgessner M, 1978. Copper and zinc contents in milk and plasma of cows after high nutritional
copper supplements. Zeitschrift fur Lebensmittel-untersuchugn und- Forschung, 166, 5-8.

Sol Morales M, Palmquist DL and Weiss WP, 2000. Milk fat composition of Holstein and Jersey cows with control or
depleted copper status and fed whole soybeans or tallow. Journal of Dairy Science, 9, 2112-2119.

Table D.2 (VII): Copper concentrations in milk (mg/L) from organic farms or conventional (at farm
and supermarket level) production

Source Breed Average (range)® n Reference
Organic (farm) 0.041° 22 Rey-Crespo et al. (2013)
(0.024-0.062)
Convent. (farm) 0.051° 10
(0.038-0.065)
Convent. (supermarket) 0.069° 5
(0.055-0.11)
Organic (farm) Holstein 0.044 Hermansen et al. (2005)
Jersey 0.067
Conventional (farm) Holstein 0.053
Jersey 0.068

(1): (Only for Rey-Crespo et al., 2013): Different superscript letters indicate statistically significant differences between groups.
(2): Note from the paper: ‘On suspicion that the conventional milk samples were not representative of the whole population,
5 retail-supermarket milk samples (1 L of whole UHT milk) from the main conventional milk brands in the region were also
analysed".

References

Hermansen JE, Badsberg JH, Kristensen T and Gundersen V, 2005. Major and trace elements in organically or
conventionally produced milk. Journal of Dairy Research, 72, 362-368.

Rey-Crespo F, Miranda M and Lopez-Alonso M, 2013. ‘Essential trace and toxic element concentrations in organic and
conventional milk jixNWSpain.. Food and Chemical Toxicology, 55, 513-518.

Table D.2 (VIII): Y Copper values, pér 1007g of fresh dairy goradicts [(meah£SD) (from Reykdal
etal./2011)

Product Cu (mg/100 g)
0.0041 + 0.0005
0.0042 + 0.0006
0.0046 + 0.001

0.0043 + 0.0009
0.0060 + 0.0001
0.0157 + 0.0031
0.0010 + 0.0003
0.0158 + 0.0032
0.0009 + 0.0002
0.0036 + 0.0003
0.0261 + 0.0055
0.0266 + 0.0080
0.0016 + 0.0003

0.0122

Whole milk, summer
Whole milk, winter

Whole milk for skyr
Cream

Skimmed milk

Skyr, industrial

Skyr whey, industrial

Skyr, traditional

Skyr whey, traditional

Milk for cheese

Cheese, Gouda, second day
Cheese, Gouda, ripe
Cheese, whey

Cheese spread from whey

N WWwWwWwwwwwwwwhMN2Z2

N: number of samples.

Reference
Reykdal O, Rabieh S, Steingrimsdottir L and Gunnlaugsdottir H, 2011. Minerals and trace elements in Icelandic
dairy products and meat. Journal of Food Composition and Analysis, 24, 980-986.
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Table D.2 (IX): Copper concentration in yolk and albumin of eggs from three different husbandry
systems (from Giannenas et al., 2009)

Egg yolk (ng/g) Egg albumin (ng/g)
Conventional Organic Courtyard Conventional Organic Courtyard
1,357 + 111 1,233 + 104 1,282 + 108 212 + 24 189 + 28 254 + 34

Values are means + SEM.

Reference

Giannenas I, Nisianakis P, Gavrill A, Kontopidis G and Kyriazakis I, 2009. Trace mineral content of conventional,
organic and courtyard eggs analysed by inductively coupled plasma mass spectrometry (ICP-MS). Food
Chemistry, 114, 706-711.

Table D.2 (X): The effect of the rearing system on the ash level of the edible part of the egg and
copper concentration (DW) (from Kucukyilmaz et al., 2012)

Minerals (ppm) Organic Conventional Standard error mean p value
Cu (ppm) 11.6 12.8 1.87 0.6467
Reference

Kucukyilmaz K, Bozkurt M, Yamaner C, Cinar M and Konak R, 2012. Effect of an organic and conventional rearing
system on the mineral content of hen eggs. Food Chemistry, 132, 989-992.

Table D.2 (XI): Copper concentrations (mg/kg DW) in muscle tissue of farmed fish and

crustaceans
Common Latin name Mean Variation Reference
name mg/kg DW mg/kg DW
Fish PAYEDN
Atlantic salmon  Salmb salar 0.3@ 40.3-0.6% NIFES (www)
KK AN } P36 L (7020 (EM)| \ Aofiiston et al. (2006)
Seabass Dicentraréhus ‘Jabrax 3.89@ £ 055@isp)’ W Aieatar et al. (2002)
NS 0.3 + 0.02 (SD) Yildiz (2008)
0.29 + 0.05 (SD) Fuentes et al. (2010)
Sea bream Sparus aurata 0.3 + 0.03 (SD) Yildiz (2008)
Haddock Melanogrammus aeglefinus 3.84 + 0.32 (SD) Roy and Lall (2006)
Yellow perch Perca flavescens 0.45 + 0.18 (SD) Gonzalez et al. (2006)
Atlantic cod Gadus morhua <0.3® NIFES (www)
Yellowtail Seriola lalandi 2.4® + 1.47® (SD) O'Neill et al. (2015)
0.6 + 0.1® (SD) Canepa et al. (2016)
Crustaceans
White shrimp Litopenaeus vannamei 24.3 12.8-42.5 Wu and Yang (2011)

(a): Wet weight.
(b): Defatted samples.

References

Alasalvar C, Taylor KDA, Zubcov E, Shahidi F and Alexis M, 2002. Differentiation of cultured and wild sea bass
(Dicentrarchus labrax): Total lipid content, fatty acid and trace mineral composition. Food Chemistry, 79, 145-150.

Canepa MM, Bubner EJ, Thomas M, Carragher J and D'Antignana T, 2016. Nutritional parameters of dorsal and
ventral fillets in summer and winter from farmed yellowtail kingfish Seriola lalandi (Valenciennes, 1833).
Aquaculture Research, 47, 1560-1568.

Fuentes A, Fernandez-Segovia I, Serra JA and Barat JM, 2010. Comparison of wild and cultured sea bass
(Dicentrarchus labrax) quality. Food Chemistry, 119, 1514-1518.

Gonzdlez S, Flick GJ, O'Keefe SF, Duncan SE, McLean E and Craig SR, 2006. Composition of farmed and wild
yellow perch (Perca flavescens). Journal of Food Composition and Analysis, 19, 720-726.

Johnston IA, Li X, Vieira VLA, Nickell D, Dingwall A, Alderson R, Campbell P and Bickerdike R, 2006. Muscle and
flesh quality traits in wild and farmed Atlantic salmon. Aquaculture, 256, 323-336.

O'Neill B, Le Roux A and Hoffman LC, 2015. Comparative study of the nutritional composition of wild versus
farmed yellowtail (Seriola lalandi). Aquaculture, 448, 169-175.
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Roy PK and Lall SP, 2006. Mineral nutrition of haddock (Melanogrammus aeglefinus L.): A comparison of wild and
cultured stock. Journal of Fish Biology, 68, 1460-1472.

Wu X-Y and Yang Y-F, 2011. Heavy metal (Pb, Co, Cd, Cr, Cu, Fe, Mn and Zn) concentrations in harvest-size white
shrimp Litopenaeus vannamei tissues from aquaculture and wild source. Journal of Food Composition and
Analysis, 24, 62-65.

Yildiz M, 2008. Mineral composition of fillets of sea bass (Dicentrarchus labrax) and sea bream (Sparus aurate). A
comparison of cultured and wild fish. Journal of Applied Ichtyology, 24, 589-584.

Table D.2 (XII): Copper contents in animal tissues and products (mg Cu/kg fresh matter) from
feed supplementation studies. Data from Van Paemel et al., 2010;© unless
otherwise specified (taken from EFSA FEEDAP Panel, 2012)@

Species/category Duration (m:I(?:TI-(‘;(f::e d) Liver Muscle Egg
Pig 161 days 15 7.9 0.44
30 13.4 0.43
Pig® Not specified 22 8.8 1.5
Not specified 35 16.8 0.7
Not specified 14.4/10.2® 22.4 0.98
Not specified 15/17@ 36.4 1.08
Laying hens 28 days 27 13.4 1.04
28 days 23.8 < 0.9 yolk/< 0.3 white
30.8 < 0.9 yolk/< 0.3 white
56 days 8.1 5.0 1.61 yolk/0.22 white
29.9 5.4 2.02 yolk/0.23 white
Chicks 21 days 9.8 7.7
Steers 177 days 0® 25.3 0.87
. 10® 113 1.1
Dairy cows \60/days | 55 AR
A 43 191.5
Sheep® “Not specified 3.5 120 1.25
Goat(® Not specified 4 40 1
Not specified 19 140 2
Not specified 6 126 0.45
Rainbow trout 28 days 11.4 38.4 0.26
277.8 45.2 0.32
Atlantic cod® 2 years 2.8 0.4
10.1 2.7
Sea Bass (Farmed)®  Not specified 11.3 1.1
14.8 0.99

(a): Copper concentration in Grower/Finisher.

(b): Supplemented copper. Background in feed not reported.

(c): Van Paemel M, Dierick N, Janssens G, Fievez V and De Smet S, online, 2010. Selected trace and ultratrace elements:
biological role, content in feed and requirements in animal nutrition — Elements for risk assessment. Technical Report
submitted to EFSA. http://www.efsa.europa.eu/en/supporting/doc/68e.pdf

(d): EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed), 2012. Scientific Opinion on
the safety and efficacy of copper compounds (E4) as feed additives for all animal species: cupric sulphate pentahydrate
based on a dossier submitted by Manica S.p.A. EFSA Journal 2012;10(12):2969, 38 pp. doi:10.2903/j.efsa.2012.2969

(e): European Commission, 2003a. Scientific Committee on Animal Nutrition (SCAN) delivered report on the use of copper in
feedingstuffs (19 February 2003). Available online: http://ec.europa.eu/food/fs/sc/scan/out115_en.pdf

(f): Herland H, Cooper M, Esaiassen M and Olsen RL, 2011. Effects of Dietary Mineral Supplementation on Quality of Fresh and
Salt-Cured Fillets from Farmed Atlantic Cod, Gadus morhua. Journal of the World Aquaculture Society, 42, 261-267.

(g9): Trocino A, Xiccato G, Majolini D, Tazzoli M, Tulli F, Tibaldi E, Messina CM and Santulli A, 2012. Levels of dioxin-like
polychlorinated biphenyls (DL-PCBs) and metals in European sea bass from farms in Italy. Food Chemistry, 134, 333-338.
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Annex E — Copper concentration in food of animal origin. Monitoring of
veterinary medicinal product residues and other substances in live animals
and animal products, year 2014. Details of non-compliant samples on

copper
Species/ Country Matrix N:an;b;;:f Number of NC®® 94 of NC (ﬁ:);\cceun/tll(';tlr::t:?:)ggf
group analysed results results
analysed NC samples
Bovine (074 Liver 34 15 441 71.9-227
DE Liver 275 168 61.1 30.6-356
Pigs (074 Liver 37 1 2.7 77.6
DE Liver 1,348 149 11.1 31.0-343®
Sheep/goats DE Liver 16 11 68.8 36.9-278
Kidney 1 6.3 67.0
Poultry DE Liver 131 2 1.5 67.0-82.0
Farmed DE Liver 14 3 21.4 34.2-132
game
Wild game  DE Liver 75 5 6.7 6.6-158

(a): NC: non-compliant.
(b): A value of 653 mg Cu/kg was considered outlier and not included.
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