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1. Evaluation of the physiological requirement for zinc and copper in piglets, growing-
finishing pigs and sows – general introduction 

An animal’s physiological requirement for a mineral (e.g. Zn or Cu) is defined as the amount 
of the certain element the animal uses for maintenance of life (status quo) corresponding to the 
inevitable amount lost in the turnover during the maintenance of the organism plus the amount 
bound in blood and physiological active tissues during growth and reproduction or secreted in milk 
during lactation. The physiological requirement is not identical to the feeding recommendations 
which often contain considerable safety margins (Table 1) taking into account the lack of 
knowledge of the exact physiological requirement and uncertainties like variations in requirements 
between animals in a group, availability and feed composition. Typical pig diets have a high content 
of phytate which reduces the availability of Zn and Cu, as phytic acid forms complexes with the 
elements making them unavailable for absorption. Also, the content of calcium and iron and other 
elements is known to reduce the availability of trace elements (Lönnerdal, 2000). To avoid the 
complex formation of phytate, studies have been conducted with semipurified phytate free diets 
supplemented with different levels of Zn and Cu in order to study the basic physiological 
requirement of these elements. When determining the physiological requirement of a specific 
element by supplementing different amounts of the mineral, the challenge is to identify the criteria 
i.e. specific biological key parameter(s) that can be used as reliable criteria for adequacy since the 
amount which prevents clinical deficiency signs may not support maximum growth, number of life 
born, milk production etc. 

As shown in Table 1, the current feeding recommendations proposed by EFSA and 
recommended by NRC and VSP Seges in Denmark state the level of Zn or Cu per kg diet (mg Zn or 
Cu per kg diet  i.e. the feeding recommendations are based on concentrations of the elements in the 
feed) and as such, the daily intake of the elements is very much depending on the daily feed intake. 
The disadvantage of this ‘concentration based princip’ is that it does not take into account that 
animals in physiological critical periods of their life often have a reduced feed intake compared 
with animals in steady physiological periods (“steady state”). Critical periods comprise the first 
days after weaning, where the daily feed intake is very low (or even zero) and in certain phases of 
reproduction (mating and embryo implantation, farrowing and early lactation). Thus, to ensure 
animal health, welfare and produtivity, there is an increasing focus on that feeding 
recommendations of nutrients, in particular Zn, must be based on daily needs (i.e. mg Zn per day) 
rather than given as a concentration in the feed (i.e. mg Zn per kg diet). As shown in Table 1, only 
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NRC state the recommended levels on a daily basis (mg per day). In Denmark, piglets are weaned 
at 28 days of age (mean) having a bodyweight of about 7 kg. NRC recommends that pigs weighing  
7-11 kg are fed 46.8 mg Zn/day. To obtain that amount of daily Zn, weaned pigs needs to consume 
468 g feed/day from the first day of weaning if the feed contains 100 ppm Zn as recommended by 
NRC and VSP or 312 g/day if the feed contains 150 ppm Zn as proposed by EFSA (see p. 4 and 5 
for different scenario calculations). However, most piglets will consume much less Zn during the 
first days after weaning resulting in that weaned pigs fed levels of 100-150 ppm Zn will have a Zn 
intake considerably below the required 46.8 mg Zn/day (NRC, 2012). This points out, provided that 
NRC’s recommendation (46.8 mg Zn/day) is correct, that a dietary Zn concentration of 100-150 
ppm is insufficient in the critical first period after weaning to ensure a daily Zn intake of 46.8 mg. It 
should be noted, that NRC’s recommendations are based on imperical calculations and not 
experimentally investigated.      

 
Table 1. Content of zinc and copper proposed by EFSA and recommended by NRC and Danish pig 
research center (VSP)  and maximal allowed content of zinc and copper according to the feed 
legislation in diets for different categories of pigs 
Animal categori Feed 

legislation, 
mg/kg diet 

Proposed by 
EFSA, 

mg/kg diet 

Proposed by 
EFSA,  

microbial phytase, 
mg/kg diet 

Recommended 
by NRC, 

mg/kg diet 

Recommended 
by NRC, 
mg/day 

Recommended 
by VSP, 
mg/FU  

Zinc (Zn)       
Piglets 150 150 110 100 26.6-46.8c 100a 
Growing-finishing  150 100 70 50-80b 72.4-139.4c 100 
Sows (gestation) 150 150 110 100 210.0 100 
Sows (lactation) 150 150 110 100 596.6 100 
Copper (Cu)       
Piglets  170d 25  6 1.60-2.81f 6 
Growing-finishing  25 25  3-5e 4.53-8.36f 6 
Sows (gestation) 25 25  10 21.0 6 
Sows (lactation) 25 25  20 119.32 6 
a) In Denmark, veterinarians can prescripe 2500 mg Zn/kg diet to piglets the first 14 days post-weaning to treat diarrhoea. 
b) Recommended mg Zn/kg according to body weight (BW): 11-25 kg BW: 80 mg Zn/kg, 25-50 kg BW: 60 mg Zn/kg, 50-135 kg BW: 50 mg Zn/kg 
c) Recommended mg Zn/day according to body weight (BW): 5-7 kg BW: 26.6 mg Zn/day, 7-11 kg BW: 46.8 mg Zn/ day, 11-25 kg BW: 72.4 mg 
Zn/day, 25-50 kg BW: 90.2 mg Zn/day, 50-75 kg BW: 105.9 mg Zn/day, 75-100 kg BW: 125.3 mg Zn/day, 100-135 kg BW: 139.4 mg Zn/day. 
d) 170 mg Cu/kg diet up to12 weeks of age. 
e) Recommended mg Cu/kg according to body weight (BW): 11-25 kg BW: 5 mg Cu/kg, 25-50 kg BW: 4 mg Cu/kg, 50-75 kg BW: 3.5 mg Cu/kg, 75-
135 kg BW: 3 mg Cu/kg. 
f) Recommended mg Cu/day according to body weight (BW): 5-7 kg BW: 1.6 mg Cu/day, 7-11 kg BW: 2.81 mg Cu/ day, 11-25 kg BW: 4.53 mg 
Cu/day, 25-50 kg BW: 6.01 mg Cu/day, 50-75 kg BW: 7.41 mg Cu/day, 75-100 kg BW: 7.52 mg Cu/day, 100-135 kg BW: 8.36 mg Cu/day. 
g) 1 FU corresponds to 7.7 MJ ME and approximate 1 kg as-fed. 

 
 
2. Physiological requirement of zinc 

2.1. Piglets 
 Zinc is an essential nutrient which plays an important role in growth, cell proliferation and 
differentiation. It functions as a catalytic, regulatory and/or structural component for hundreds of 
Zn-dependent enzymes and other proteins. Common symptoms of Zn deficiency are low appetite, 
poor growth and diarrhea. Several studies have shown that high dietary Zn supply (2500-3000 
mg/kg diet) the first two weeks post-weaning reduces diarrhea in piglets (Poulsen, 1989; Poulsen, 
1995; Hill et al., 2000; Hu et al., 2013) and that this reduction in diarrhea prevalence correlates 
positively to an increase in serum Zn at a level of 0.2 mg Zn/100 mL indicating that Zn need to be 
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aborbed to reduce diarrhoea (i.e. systemic effect of Zn) (Poulsen, 1995). Zinc is virtually present in 
all body tissues, but only small amounts are stored in the body in a form which is directly available 
for use in physiological functions in the body. This means that the body is unable to build up 
storages of Zn from which Zn immediately can be mobilized if the intake of the element with the 
feed is reduced and too low. Therefore, daily intake of sufficient Zn is necessary, as the body can 
only to a very limited extent compensate by use of internal Zn pools for even a short temporary 
deficiency.  

At weaning piglets shift from a milk-based diet to a cereal-based diet rich in phytate, which is 
known to reduce the availability of Zn and other elements (Oberleas et al., 1962; Lönnerdal, 2000). 
Another consequence of weaning is a very low feed intake (about 0.050 kg/day or even zero) the 
first days after weaning. To avoid the negative impact of phytate on the availability of Zn, some 
studies have been conducted with semi purified phytate-free diets. Based on results from such 
studies (Smith et al., 1985)  (Hankins et al., 1985), it was estimated that the total daily physiological 
Zn requirement of weaned pigs fed phytate-free diets based on skimmed milk or egg albumen-
dextrose was 10-12 mg Zn/day when using daily growth as response parameter. It is assumed that 
the consumption of milk before weaning meets the suckling piglets’ daily physiological requirement 
of Zn and that this level can be used as an indicator for the daily physiological requirement of Zn 
the first days after weaning. Table 2 implies that the piglet’s daily total Zn intake in late lactation is 
estimated to 7.5-9.2 mg Zn/day, which is a bit lower than the estimated daily total physiological Zn 
requirement of 10-12 mg Zn/day in weaned pigs fed phytate free diets. This may be due to a higher 
availability of Zn in sow milk compared with the Zn present in the phytate free diets. 

Table 2 also presents estimates of the total and available daily Zn intake before and after 
weaning, when feeding a typical weaning diet rich in phytate. Based on the described assumptions, 
the daily intake of total and available Zn is up to 1.8 and 6.7 times, respectively, less after weaning 
than before weaning indicating that piglets in the critical period just after weaning are feed below 
their daily physiological Zn requirement when the feed contain 100-150 ppm Zn. To obtain the 
estimated daily intake of available Zn in late lactation of 5.5-6.7 mg Zn/day the first days after 
weaning, it can be calculated (using the assumptions given in Table 2), that the dietary total Zn 
content should be 550-670 ppm. However, it has been shown that the diarrhea reducing effect of Zn 
and the highest growth rate is achieved within in the range of >1000 and ≤2500 ppm (Poulsen, 
1995). This may be due to that the availability of Zn in zinc oxide is less than the 20% which is 
assessed in growing pigs (Poulsen and Larsen, 1995) while specific knowledge on the Zn 
availability of ZnO measured in weaned piglets is lacking. 

Moreover, weaning is known to result in reduced mucosal villus height and increased crypt 
depth of the intestinal epithelium as well as changes the digestive enzyme activity in intestinal 
epithelium (mucosa) and pancreas. As Zn is known to be particularly important for animals 
experiencing substantial growth and for the function of the epithelium and hundreds of enzymes, it 
is likely that the daily physiological requirement just after weaning will exceed the daily 
physiological requirement just before weaning. 
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Table 2. Estimated total and available daily Zn intake during late lactation and the first days post-
weaning feeding a typical diet for weaned pigs 
 Milk or feed 

intake, 
kg/day 

Zn conc. in 
milk or feed, 
mg/kg as-fed 

Zn digestibility, 
% 

Daily total Zn 
intake,  
mg/day 

Daily available  
Zn intake, 

mg/day 
Late lactation 1.23a 6.06-7.43b 73c 7.5-9.2 5.5-6.7 
First days post-weaning 0.05 100-150 20d 5.0-7.5 1.0-1.5 
a) The daily milk intake per piglet was measured to be about 1231 g/piglet/day at day 14-28 of lactation (Krogh et al., 
2012) 
b) Zn content of sow milk was determined to be in the range of 6.06 – 7.43 mg Zn/kg ((Hill et al., 1983) Poulsen, 1993) 
c) Studies with cow milk are the background for the assumption that about 73% of Zn in sow milk is digestible. 
d) The digestibility of Zn in zinc oxide and zinc sulfate was determined to about 20% in growing pigs (Poulsen and 
Carlson, 2001) 
 
 Over the last 25 years, a great number of studies have shown the beneficial effect of 
supplementing 2500-3000 mg Zn/kg the first two weeks post-weaning. However, despite the fact 
that the study by Poulsen (1995) already in 1989 showed that the diarrhea reducing effect of Zn is 
within in the range of >1000 and ≤2500 ppm, there is a lack of knowledge about to which extend 
the Zn level can be reduced within the interval from 1000-2500 mg Zn/kg as the major part of the 
published studies are comparing the effect of 100-150 with 2500-3000 ppm Zn fed to weaned pigs. 
Poulsen (1989) and Poulsen (1995) found that pigs gained more and had a better feed conversation 
rate when they were fed 2500 mg Zn/kg from zinc oxide compared with 4000 mg Zn/kg, and 
recently, Walk et al. (2015) observed the same when pigs were fed 1750 ppm zinc oxide compared 
with 3500 ppm (analyzed Zn: 4000 mg/kg) and 4.5 g digestible P/kg. However, pigs fed 5.5 g 
digestible P/kg performed better when fed 3500 mg Zn/kg compared with 1750 mg Zn/kg (Walk et 
al., 2015). Another study  showed that feeding increasing Zn levels, 0, 1500 and 3000 ppm Zn as 
zinc oxide (from weaning to day 14) and 0, 1000, and 2000 ppm Zn (day 14 to 28), improved 
growth and feed intake (Shelton et al., 2011).  

In conclusion, based on the following assumptions 1) the milk consumption before weaning 
meets the suckling piglets’ daily physiological requirement of Zn before weaning (5.5-6.7 mg 
available Zn/day), 2) the daily physiological requirement just after weaning exceeds the daily 
physiological requirement just before weaning due to Zn demanding changes related to the weaning 
process, and 3) the estimated daily total physiological Zn requirement of 10-12 mg Zn/day in 
weaned pigs fed phytate free diets, we assess that the daily physiological requirement for available 
Zn is about 9 mg/day, but the scientific documentation behind this value is very scarce and needs to 
be experimentally supported. The amount of total Zn which needs to be supplemented to achieve a 
daily intake of 9 mg available Zn will depend on the feed intake, and the availability of the Zn in 
the feed i.e. Zn source and diet composition. See the below calculated examples which show that to 
achieve a daily intake of 9 mg available Zn the feed needs to contain 900, 1200 or 1800 mg Zn/kg 
feed if the availability is 20, 15 or 10% and the feed intake is 0.050 kg/day (Equation 1, 2 and 3).   
 
1) 9 mg available Zn/day  =  0.050 kg feed/day * 0.20 (Zn availability) *   900 mg Zn/kg feed  
2) 9 mg available Zn/day  =  0.050 kg feed/day * 0.15 (Zn availability) * 1200 mg Zn/kg feed   
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3) 9 mg available Zn/day  =  0.050 kg feed/day * 0.10 (Zn availability) * 1800 mg Zn/kg feed 
Equation 4 and 5 show the requested dietary Zn concentration is above the recommended 150 ppm 
(Table 1) (240 and 180 ppm) even if the Zn availability is set to the unrealistic value of 75% or 
even 100% when the feed intake is kept at 0.050 kg/day as in equations 1-3.     
 
4)   9 mg available Zn/day  =  0.050 kg feed/day * 0.75 (Zn availability) * 240 mg Zn/kg feed 
5)   9 mg available Zn/day  =  0.050 kg feed/day * 1.00 (Zn availability) * 180 mg Zn/kg feed 
 
Equation 6 and 7 shows the requested feed intake if piglets are fed a supplementation of 100 ppm 
Zn (+ innate Zn 35 ppm). The calculations show that if Zn is 100% available (not realistic) a daily  
feed intake of 67 g is requested while a realistic Zn availability of 20% requests a daily feed 
intake of 335 g which is unrealistic high for a piglet right after weaning.      
  
6) 9 mg available Zn/day  =  0.067 kg feed/day * 1.00 (Zn availability) * 135 mg Zn/kg feed 

(innate 35; supplemented 100); 
7) 9 mg available Zn/day  =  0.335 kg feed/day * 0.20 (Zn availability) * 135 mg Zn/kg feed 

(innate 35; supplemented 100); 
 

These calculations clearly show the overall dynamics and dependency between the three 
determining factors: feed intake, zinc concentration of the feed and zinc availability. Obviously, it is 
important to assess all three factors contemporarily in order to fulfil the net zinc requirement. 
According to NRC, 2012, the daily Zn requirement is 46.8 ppm for piglets (7-11 kg) expressed as 
total Zn. Assessing this against 9 mg available Zn/day (figures above) requires an availability of 
20%. Assuming this dietary Zn availability of 20%, the weaned piglet - right after weaning- either 
requires a daily feed intake of 335 g combined with a dietary Zn concentration of 135 mg/kg feed or 
a daily feed intake of 50 g combined with a dietary Zn concentration of 900 mg/kg feed to fulfil the 
physiological Zn requirement (above calculations).  

In conclusion, a daily feed intake of e.g. 335 g right after weaning is obviously not realistic at 
all and the scarce data on feed intake in newly weaned piglets indicates that a realistic daily feed 
intake may be 50 g (or below) during the first days after weaning. This calls for a higher dietary Zn 
supplementation than 100 ppm given an innate Zn concentration of 30-40 ppm.  
    
2.2. Growing-finishing pigs 

As opposed to the weaned pigs, the growing-finishing pigs are in a much more constant and 
regular physiological period (“steady state”). Consequently, the concentration based feeding 
principle (i.e. mg Zn per kg feed) is more suitable for this period compared with the critical period 
after weaning. The challenge with phytate in diets for growing-finishing pigs is identical to the 
problem described for piglets above. Studies by Poulsen and Larsen (1995) and Larsen and Poulsen 
(1996), where pigs (at 35 and 45 kg BW) were fed  0, 30, 60, 120 or 200 ppm Zn (as ZnO) 
supplemented to a basal diet containing 42 ppm Zn, showed that neither growth nor N retention was 
affected by Zn level. Pigs fed the diet with no Zn supply (42 ppm Zn ) showed the lowest levels of 
Zn concentration and alkaline phosphatase activity in plasma, whereas these levels were higher and 
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almost equal for pigs fed the diets with increasing Zn supplementation (30-200 ppm Zn) (Poulsen 
and Larsen, 1995). Shelton et al. (2004) showed that omitting the supply of microminerals in a 
corn-soybean meal diet fed to pigs (22-109 kg BW) had no negative effects on growth performance 
(daily gain: 0.88 kg; calculated Zn intake: 76 mg/day) or pork quality but had negative effects on 
carcass traits also when microbial phytase was added. Gowanlock et al. (2013) reported that feeding 
pigs (24-115 kg BW) a corn-soybean meal based diet supplemented with 1000 FTU/kg without 
dietary supplementation of Cu, Fe, Mn and Zn did not affect pig performance and carcass 
characteristics (daily gain, kg and calculated Zn intake, mg/day at: 24-55 kg BW: 0.90 and 63; 55-
80 kg BW: 1.11 and 165; 80-115 kg BW: 1.29 and 119; all diets were added tylosin (antibiotic)). 
Accordingly, neither performance nor carcass characteristics were affected by the elimination of the 
dietary supply of microminerals to a corn-soybean meal diet containing 25 mg innate Zn/kg (i.e. Zn 
present in the feedstuffs of which the diet is composed) fed to pigs (86-115 kg BW, daily gain: 1.1 
kg, Zn intake 83 mg/day; all diets were added tylosin (antibiotic)) (Mavromichalis et al., 1999). 
Adding combinations of minerals may reduce the availability of Zn and other microminerals. In the 
above studies, except for the study by Poulsen and Larsen (1995), supplements of all other 
microminerals were removed from the diets and in the study by Gowanlock et al. (2013) diets were 
supplemented with 1000 FTU/kg. Consequently, the availability of the innate Zn and other innate 
elements in these diets may have been higher compared with the availability of innate Zn in diets 
with supplied microminerals like in the study by Poulsen and Larsen (1995). This, combined with 
that pigs fed the diet with no Zn supply in the study by Poulsen and Larsen (1995) had a 
considerably lower daily Zn intake (35 kg BW: 44.4 mg Zn/day, 45 kg BW: 51.3 mg Zn/day) 
mainly due to a lower feed intake (restricted fed) compared with the ad libitum fed pigs (24-55 kg 
BW: 63 mg Zn/day) in the study Gowanlock et al. (2013), may explain why Poulsen and Larsen 
(1995) found that diets for young growing pigs at 35 and 45 kg need to be supplemented with Zn. 
According to Larsen and Poulsen (1996), the supplementation of Zn should not be above 30 mg 
Zn/kg for young growing pigs (diets without microbial phytase), while the other above studies in 
general conclude that the dietary supply of microminerals, including Zn, can be eliminated.  

In conclusion, the exact physiological Zn requirement of growing-finishing pigs is not well 
established, but the innate content of Zn in corn based diets seems to meet the requirement when the 
supplementation of other microminerals is omitted and the pigs are ad libitum fed. However, this 
assessment is only based on few studies which all are conducted with corn based diets, and thus it 
may be different under Danish production conditions, where mainly wheat-barley based diets are 
used. Therefore, the elimination of micromineral supplementation including Zn needs to be 
investigated further - taking microbial phytase supplementation into account - before it can be 
implemented into the practical pig production.   
 
2.3. Sows 

The problem with phytate in diets for sows is identical to the problem for the other categories 
of pigs fed cereal based diets as described above. The sows’ reproductive life can be divided into 
different physiological phases, where the phases around implantation, farrowing and early lactation 
are considered as being critical periods, whereas the gestation period and mid and late lactation are 
considered as more stable physiological periods (“steady state”). Feeding a low-phytate diet (last 4 
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weeks of pregnancy (2 kg/day) and the two first weeks of lactation (ad libitum)) containing 13 or 63 
mg/kg diet in total (i.e. 50 mg Zn/kg was added to the high Zn diet) resulted in a prolonged 
parturition time of 4.54 h compared with 2.08 h, respectively (Kalinowski and Chavez, 1984). In 
this particular study, the prolonged parturition time did not affect number of stillborn, but in general 
increased parturition time is related to an increased number of stillborn. Poulsen, 1993 found an 
increased litter size (1 piglet) in sows fed Zn supplementation (about 100 ppm). Low Zn (13 mg/kg) 
decreased plasma Zn levels numerically at day 86, 100, 113 of pregnancy and significantly at day 7 
and 14 of lactation. Likewise, feeding low Zn to the sows reduced plasma Zn levels of piglets 
numerically at day 7 and significantly at day 14 days of age although Zn concentration in colostrum 
and milk was unaffected (Kalinowski and Chavez, 1984). Similar reductions were reported in gilts 
and multi parity sows in the study by Poulsen, 1993, who also found a reduction in Zn 
concentration in sow and piglet liver and bones from sows fed the innate Zn level compared with 
Zn supplementation (about 100 ppm) and piglets  Kalinowski and Chavez (1984) speculated that the 
drop in Zn concentration may be due to that piglets from sows fed low Zn were born with reduced 
Zn status. In line with that, previous findings by e.g. Hedges et al. (1976) showed that piglets, from 
sows fed 33 compared with 83 mg Zn/kg diet in total (i.e. 50 mg Zn/kg was added to the high Zn 
diet) during pregnancy and lactation, had lower Zn status measured as Zn concentrations in liver 
and bones. Moreover, Hedges et al. (1976) observed that up to 45 kg BW, pigs from sows fed the 
83 compared with 33 mg Zn/kg diet showed higher gains and feed intake. These findings indicate 
that feeding 13-33 mg Zn/kg (corresponding to the innate Zn level) compared with 63-83 mg Zn/kg 
during pregnancy reduces Zn status of piglets at birth, which may affect their further growth 
negatively, but probably also their health and thus number of weaned pigs as reported by Poulsen, 
1993. Zinc level did not affect the reproductive performance (litter size, number of live born, 
stillborn) neither in the study by Hedges et al. (1976) nor in the study by Kalinowski and Chavez 
(1984). On the other hand, Poulsen (1993) in the study with ZnO supplementation and later, Payne 
et al. (2006) showed increased number of weaned pigs per litter, when sows were fed a diet 
supplemented with 100 ppm Zn as ZnSO4 plus 100 ppm Zn from a Zn amino acid complex during 
gestation and lactation, compared with sows fed 100 or 200 ppm Zn as Zn sulfate (11.2, 8.33 or 
8.86 weaned pigs/litter, respectively).  

In conclusion, only few studies have investigated the effect of feeding different Zn levels to 
sows and the studies are conducted under very different conditions (diet composition, Zn source, 
microbial phytase) making it difficult to compare the results. However, it seems that the 
physiological Zn requirement of sows is greater than the innate content of dietary Zn (about 30-40 
ppm Zn), and that diets for sows need to be supplemented with at least 50-100 mg Zn/kg to meet the 
sow’ physiological requirement of Zn and perhaps more to ensure the Zn status of their offspring. 
However, more studies are needed to establish the exact physiological Zn requirement of sows and 
how the Zn status of the sow affects the Zn status of the offspring. 
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3. Physiological requirement of copper 

3.1. Piglets 
Copper is part of a large number of enzymes e.g. superoxide dismutase and ceruloplasmin 

(=ferroxidase), which catalyzes the dismutation of superoxide radicals and participate in the 
synthesis of hemoglobin, respectively. Therefore, not only Fe deficiency, but also copper deficiency 
can cause anemia as the major part of the Cu in plasma is associated with the α-globuline, 
ceruloplasmin, which is required for the mobilization of iron from iron stores. Ceruloplasmin 
catalysis the oxidation of Fe from the divalent to the trivalent state, required before the element can 
be transported by transferrin in plasma to the bone marrow for hemoglobin production. On the other 
hand, high dietary Cu levels can indirectly cause anemia, as supplementation of high levels of Cu 
(250 ppm or higher) to newly weaned pigs were found to reduce hemoglobin (Hedges and 
Kornegay, 1973; Gipp et al., 1974; Dove and Haydon, 1991) most likely because Cu reduces the 
absorption of Fe resulting in Fe deficiency (Gipp et al., 1974). The negative effects of the high 
dietary Cu levels on hemoglobin have been shown to be abolished by supplementation of 
approximately 300 ppm Fe in some studies (Hedges and Kornegay, 1973) but not in all studies 
(Dove and Haydon, 1991). These findings demonstrate that the total demand of dietary Cu needed 
to meet the physiological requirement of Cu is affected by the dietary Fe level. As for Zn, phytate 
rich diets reduce the availability of Cu and thus higher Cu levels are generally needed in phytate 
rich diets compared with the above phytate free diets to fulfill the pigs daily physiological Cu 
requirement.  

The consumption of milk before weaning is assumed to meet the suckling piglets’ daily 
physiological requirement of Cu. The daily consumption of milk per piglet was measured to be 
about 1231 g/piglet/day at day 14-28 of lactation (Krogh et al., 2012), while the Cu content of sow 
milk was determined to be in the range of 1.17 -2.04 mg Cu/kg ((Hill et al., 1983) Poulsen, 1993). 
This means that piglets in late lactation will consume about 1.44-2.51 mg Cu/day. This corresponds 
well with NRC’ recommendation of 2.81 mg Cu/day and that Zhou et al. (1994) found that weaned 
pigs injected with 2.1-2.5 mg Cu/day showed maximum growth and that the growth-promoting 
effect of Cu at that level is due to systemic effects. Gipp et al. (1973) fed semipurified phytate free 
diets (based on skim milk, glucose, cornstarch, corn oil, cellulose powder) containing 10 or 250 
ppm Cu (as CuSO4) combined with 20 or 100 ppm Fe to weaned pigs (6 kg and 3-4 weeks of age) 
for 6 weeks and found that pigs fed 10 ppm Cu together with 100 ppm Fe showed the highest 
growth, feed intake, hemoglobin and hematocrit followed by 10 ppm Cu and 20 ppm Fe; 250 ppm 
Cu and 100 ppm Fe; 250 ppm Cu and 20 ppm Fe (Gipp et al., 1973). Gipp et al. (1973) fed the same 
semipurified phytate free diet supplemented with 2, 10 or 250 mg Cu/kg diet (as CuSO4) and 80 mg 
Fe/kg diet to younger pigs (3.6 kg initial BW and 10-14 days of age). Levels of hemoglobin were 
reduced by 250 ppm Cu at week 5, while hemoglobin levels for pigs fed 2 or 10 ppm remained 
constant. Plasma ceruloplasmin was not affected by 250 ppm Cu but reduced at 2 ppm Cu, while 
red blood cells were reduced at 2 and 250 compared with 10 ppm Cu. Further, plasma and liver Cu 
were decreased at 2 ppm Cu and increased at 250 ppm Cu compared with 10 ppm (Gipp et al., 
1973). Pigs fed the diet with 10 mg Cu/kg diet showed a greater daily gain than pigs fed 2 or 250 
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mg Cu/kg diet. However, it was only during the final 3 weeks of the 9 weeks experimental period, 
that the daily gain of pigs fed 2 mg Cu/kg diet (estimated Cu intake: 0.4, 0.4, 1.1, 1.1, 1.1, 1.4, 2.2, 
2.0, 3.2 mg Cu/day) was lower than 10 mg Cu/kg diet (Gipp et al., 1973). This suggests that when 
feeding a phytate free diet, a dietary Cu concentration in the interval 2 to 10 mg Cu/kg diet will 
cover the pigs’ physiological Cu requirement. Several studies have investigated the growth-
promoting effects of dietary supplementation of 100-250 ppm to typical diet fed to post-weaned 
pigs. Hill et al. (2000) compared the effect of 250 mg Cu/kg diet (as CuSO4) and 3000 mg Zn/kg 
diet (as ZnO) alone or in combination in diets for weaned pigs (all diets were supplemented with 
antibiotic). The experiment showed that growth and gain:feed increased in pigs fed either high Cu 
or high Zn compared with pigs fed 100-150 mg Zn/kg diet and 10-15 mg Cu/kg diet, and no 
additive or synergistic effects of feeding the combination of high Cu and high Zn were observed 
except for an additive increase in gain:feed during the second week postweaning (Hill et al., 2000). 
The authors concluded that newly weaned pigs benefit from high Zn (3000 mg Zn/kg diet), while 
they recommend that the use of high Cu (250 mg Cu/kg diet) should be discontinued.   

In contrast, results by Pérez et al. (2011) indicated that high Zn (3000 mg/kg diet as ZnO) and 
high Cu (100 mg Cu/kg diet as Cu amino acid complex or 250 mg Cu/kg diet as CuSO4) are 
additive in promoting growth of weaned pigs (diets were both with or without antibiotics). Ma et al. 
(2015) conducted a multitrial analysis based on six studies with early weaned pigs (initial weight of 
5.75 ± 0.41 kg at 23 ± 3 days of age) fed diets supplemented with different levels of Cu (0, 6, 50, 
100, 150, 200, 250 ppm; Cu sources: Cu(2-hydroxy-4-(methylthio)butanoic acid and CuSO4; basal 
diet contained 16.5 ppm Cu as CuSO4 i.e. all diets) for 21 days and predicted the optimal ADG and 
ADFI occurred at 174 and 119 ppm Cu, respectively, whereas increasing Cu supplementation 
linearly improved G:F (diets contained antibiotic and 3000 ppm Zn the first two weeks) (Ma et al., 
2015). Armstrong et al. (2004) observed that feeding very young pigs (4.99 kg at 16-18 days of age) 
125 or 250 Cu as CuSO4 or as cupric citrate (CuCit) increased ADG, ADFI and G:F compared with 
feeding 0, 15, 31 and 62 ppm Cu as cupric citrate and this increase was equal for 125 and 250 ppm 
(diets contained antibiotic and 150 mg Zn/kg diet the first two weeks) (Armstrong et al., 2004). 
Veum et al. (2004) fed very young weaned pigs (6.31 ± 0.2 kg at 19 ± 2.0 days of age) diets 
supplemented with increasing levels of Cu as Cu-propeinate (0, 25, 50, 100 and 200 ppm) and 250 
ppm as CuSO4 and found that ADFI was highest at 25 or 50 ppm Cu as Cu-propeinate and ADG 
increased up 50 ppm Cu as Cu-propeinate with no further increase at 100 and 200 ppm Cu as Cu-
propeinate or 250 ppm Cu as CuSO4. G:F was not affected by dietary treatments (diets contained 
antibiotic and 185-210 ppm Zn the first four weeks) (Veum et al., 2004).  

The growth promoting effect of high Cu levels (on top of the physiological requirement) is 
primarily ascribed young pigs and has for many years in general been explained by the 
antimicrobial effect of high Cu leaving more nutrients and energy available in the digestive tract to 
be absorbed by the pig itself. This is supported by results of Shurson et al. (1990) showing that high 
Cu (283 mg Cu/kg diet) increase growth and gain:feed and improve villus height:crypt depth ratio 
in conventional reared piglets whereas the opposite effects were shown in germ-free piglets. Jensen 
(2016) concluded based on an extensive literature review that dietary Cu supplementation even at 
low concentrations (<50 mg/kg diet) seems to reduce especially the population of clostridia and 
coliform bacteria, while higher concentrations (>170 mg Cu/kg diet) seem to reduce the population 
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of lactobacillus. Moreover, Carlson et al. (2007) found that supplementation of 175 mg Cu/kg diet 
increased plasma Zn concentration irrespective of the dietary Zn level (100 or 25000 mg Zn/kg diet) 
indicating that high Cu improves Zn status owing to interactions between Cu and Zn.  

In conclusion, the physiological requirement of Cu is about 2-3 mg Cu/day in newly weaned 
pigs. High dietary Cu levels promote growth in young pigs which seems to be due to its 
antimicrobial effects but may also be ascribed to interactions between Cu and Zn leading to 
improved Zn status.  

 
3.2. Growing-finishing pigs 

As for the studies with Zn and growing-finishing pigs, studies with Cu and growing-finishing 
pigs have investigated the effects of eliminating the supplementation of Cu. Davis et al. (2002) 
observed that pigs in the entire period from 20-106 kg had a lower ADG and G:F but an unaffected 
ADFI when fed a diet supplemented with 0 mg Cu/kg diet compared with 175 mg Cu/kg diet (32-68 
kg) and 125 mg Cu/kg (68-106 kg). Hernandez et al. (2008) showed that pigs (25-107 kg) could be 
fed a diet containing 27 mg Cu/kg diet and 65 mg Zn/diet (as proteonate amino acid chelate 
(organic) or sulfate (inorganic)) compared with 156 mg Cu/kg diet and 170 mg Zn/diet without 
affecting ADG, ADFI, hemoglobin, red blood cells, plasma Cu and Zn concentrations (except Zn at 
day 14 of the experiment) whereas liver Cu and Zn concentrations were reduced (Hernandez et al., 
2008). In another study, Hernandez et al. (2009) fed pigs (27-104 kg) diets supplemented with 
different combinations of Cu (0, 10, 30 or 50 mg/kg) and Zn (40 or 80 mg/kg) (as proteonate amino 
acid chelate) showed that the supplementation of Cu and Zn could be reduced to 0 and 40 mg/kg, 
respectively, without affecting ADG, ADFI, FCR, hemoglobin, red blood cells, plasma Cu and Zn 
concentrations (except Zn at day 21 of the experiment) and liver Zn concentration. Liver Cu 
concentration was lower at 0 mg Cu/kg diet compared with 50 mg Cu/kg diet (Hernandez et al., 
2009). Gowanlock et al. (2013) studied the effect of reducing the supplementation of different 
microminerals by feeding pigs (55, 80 and 115 kg BW) 6 different corn-soybean meal based diets 
supplemented with phytase (100 FTU/kg diet): 1) a basal diet without added Cu, Fe, Mn and Zn, 2) 
basal diet + 50% NRC Cu, Fe, Mn and Zn recommendations, 3) basal diet + 100% NRC Cu (3.5 
ppm), Fe (50 ppm), Mn (2 ppm) and Zn (50 ppm) recommendations, 4) basal diet + 25 mg Zn/kg, 
5) basal diet + 50 mg Zn/kg, and 6) basal diet + 50 mg/kg Fe. The study showed that neither 
hemoglobin (12.3-13.6 g/dl) and hematocrit volume (37.8-42.6%) or ADG, ADFI, G:F were 
affected by dietary micromineral treatments indicating that the innate level of microminerals in the 
basal diet was sufficient (Gowanlock et al., 2013). 

In conclusion, the above studies show generally that the innate Cu content (about 6 ppm) in 
diets for growing-finishing pigs (20-107 kg) is sufficient to fulfill their physiological requirement 
for Cu as neither ADG, ADFI nor levels of hemoglobin seems to be affected negatively. The liver is 
the main storage site for Cu and feeding diets supplemented with Cu increased liver Cu 
concentrations due to Cu accumulation.  

 
3.3. Sows 

Only very few studies have specifically investigated the physiological Cu requirement of 
sows during pregnancy and lactation as most of the (aged) studies aim at the effects of high dietary 
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Cu (>100 ppm Cu).  A study with sows over four reproductive cycles demonstrated an increase in the 
culling rate of sows fed 116 mg Cu/kg diet (as CuSO4) compared with the 8 mg Cu/kg diet (innate 
Cu i.e. no Cu supplementation), primarily because of lack of pregnancy after mating 
(Poulsen,1993). Similar reproductive failure was found in gilts (Poulsen,1993). On the other hand, a 
study with sows over up to six reproductive cycles showed no apparent negative effect on the 
reproductive performance when fed diets supplemented with 250 mg Cu/kg diet (as CuSO4) 
compared with 9 mg Cu/kg diet (as innate Cu) except for a decrease in farrowing rate of gilts 
(Cromwell et al., 1993). In fact, positive effects for sows fed 250 mg Cu/kg diet were observed in 
total pigs born, piglet birth weight, litter weaning weight, and days to estrus post-weaning. In 
contrast, Thacker (1991) did not observe any effect of supplementing 250 mg Cu/kg diet (as 
CuSO4) from day 106 of gestation until 28 days postpartum on interval between weaning and 
successful service, number of pigs born alive, born dead and their birthweight, whereas pre-weaning 
mortality (percentage of pigs found alive) was 13.8% compared with 20.3% for sows fed the control 
diet. A study with parity-1 and parity-2 sows showed that on-top supplementation of 14 mg Cu/day 
(as Cu propionate) to a basal diet containing 17 mg Cu/kg diet (as CuSO4) from day 108 of 
gestation to day 14 after weaning reduced the weaning-to-estrus interval (6.1 vs. 6.9 days) and 
increased percentage bred by day 7 and 14 post-weaning (86.6 vs. 69.9 % and 95.5 vs. 90.4%) 
compared sows fed the basal diet (Yen et al., 2005). However, these positive effects were not 
observed when sows were fed the on-top Cu supplement from the day of farrowing to day 7 post-
weaning (Yen et al., 2005). Curiously, Poulsen, 1993 found that hemoglobin was reduced in 
newborn piglets when sows were fed 116 compared with 8 ppm Cu despite no significant difference 
in serum Cu concentration of the piglets whereas the Cu concentration in serum and milk was 
increased in sows fed the high Cu diets. This study also showed interactions between Cu and Zn in 
both sows and piglets pointing at the close interrelationship between these minerals (Poulsen, 
1993).     
 In conclusion, the basic physiological Cu requirement of pregnant and lactating sows is not 
well documented. High Cu levels seem to reduce farrowing rate compared with levels of 5-10 mg 
Cu/kg diet, whereas the effects of high levels of Cu fed to sows during pregnancy and lactation on 
the piglets’ performance prior to weaning were ambiguous. This may be due to differences in 
mineral source and use of microbial phytase that was not available for use in the oldest studies. 
Therefore, it is not possible, based on the available documentation, to clarify the physiological Cu 
requirement during pregnancy and lactation, but we assess that the physiological requirement will 
be met by feeding a diet containing 10 and 20 mg Cu/kg diet, respectively, as proposed by the 
recent EFSA report (2016).     
 
4. Consequences of the proposed EFSA recommendation 

Piglets: It is our evaluation that EFSA’s proposed recommendation of 150 mg Zn/kg diet is 
insufficient to meet piglets’ daily physiological requirement of Zn during the first critical period 
after weaning i.e. the first 1-2 weeks post-weaning where the feed intake is very low. We mainly 
consider weaning at about 4 weeks of age but the Zn provision may also be critical in younger as 
well as older piglets depending on feed intake, diet composition etc.. The proposed recommendation 
by EFSA is mainly based on studies with piglets starting one or two weeks after weaning which 
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means that the proposed recommendation does not consider the very critical first period just after 
weaning, where the low feed intake is the limiting factor for a sufficient daily zinc intake, when the 
feed contains 150 mg Zn/kg diet. As mentioned, one of the classical symptoms of Zn deficiency is 
diarrhoea and high Zn supplementation (2500 mg/kg) reduces diarrhoea with up to 50% (Poulsen, 
1995). Therefore, we assess that the consequences of EFSA’s proposed recommendation of 150 mg 
Zn/kg diet to piglets will be that piglets in the first critical period after weaning will develop 
temporary Zn deficiency. On the other hand, it is our evaluation that EFSA’s proposed 
recommendation of 25 mg Cu/kg diet is sufficient to meet piglets’ daily physiological requirement 
of Cu. Moreover, we support EFSA’s assessment that the growth-promoting effects of high dietary 
Cu levels (170 mg Cu/kg diet), which seems to be attributed to antibacterial effects, can be achived 
by alternatives like organic acids, pre- or probiotics, essential oils and other plant extracts. In 
conclusion, the results and calculations demonstrate a call for a general reevaluation of the the Zn 
feeding strategy during the first days after weaning.    
  

Growing-finishing pigs: It is our evaluation that the allowance of 150 mg Zn/kg diet and 25 
mg Cu/kg diet exceeds the pigs physiological requirement of Zn and Cu and that the level can be 
reduced to 100 mg Zn/kg diet and 3-6 mg Cu/kg diet as recommended by NRC and VSP (Table 1) 
without affecting the health and productivity of the pigs negatively. Therefore, we assess that the a 
recommendation of 100 mg Zn/kg diet and 25 mg Cu/kg diet will result in an unnecessarily high 
excretion of Zn and Cu with the manure. The physiological Zn and Cu requirement of growing-
finishing pigs is not well established. However, few studies show that the innate content of Zn and 
Cu of diets for growing-finishing pigs is sufficient to meet their physiological requirement of Zn 
and Cu, but more studies are needed to clarify that taking the use of microbial phytase, mineral 
source, diet composition including general mineral supplementation etc. into account (see below).  
 

Sows: The physiological Zn and Cu requirement of sows is not well established (accentuated 
by the current widespread use of microbial supplementation changing the practical value of some of 
the previous (and sometimes only) results). Thus based on the present limited knowledge, it is our 
evaluation that EFSA’s proposed recommendation of 150 mg Zn/kg diet and 25 mg Cu/kg diet will 
meet the sows’ physiological requirement of Zn and Cu during pregnancy and lactation. We further 
evaluate that 100 mg Zn/kg diet is sufficient as recommended by NRC and VSP, which means that 
EFSA’s proposed recommendation of 150 mg Zn/kg diet will result in an unnecessarily high 
excretion of Zn. As for the newly weaned piglets, there is also some the critical phases of 
reproduction (around farrowing and early lactation and at mating/implantation) where the feed 
intake often is reduced (restricted) and therefore, the Zn intake is also reduced. However, there is a 
lack of knowledge about the consequences of such a temporary reduction but this should be taken 
into account when considering a Zn feeding strategy. We also evaluate that EFSA’s proposed 
recommendation of 25 mg Cu/kg diet can be reduced to 10 and 20 mg Cu/kg diet during pregnancy 
and lactation, respectively, or even to 6 mg Cu/kg as recommended by VSP.  
  

Overall, this review concludes that the pigs – during all phases of life – should be fed enough 
Zn and Cu to fulfil their physiological requirement to ensure health and production. On the other 
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hand, if pigs are fed above the recommendations (equals to basic requirement incl. the safety 
margin) this will result in a too heavy Cu and Zn excretion (manure) which may cause accumulation 
of Cu and Zn in soil, especially in areas with intensive pig production. This aspect calls for joined 
research activities regarding the physiological requirement of Zn and Cu to come up with safe 
feeding recommendations taking the health and productivity of pigs and the environmental concern 
into account – at the same time under the current pig production practical standards/conditions. 
      
5. Considerations regarding the use of phytase 

It is well documented that both plant (endogenous) and microbial phytase increases the 
digestibility of phosphorus. On the other hand,  the effect of plant phytase on the availability of Zn 
and Cu has not been systematically studied and only few studies have investigated the effect of 
microbial phytase (150-1570 FTU/kg diet) on the availability of Zn. A meta-analysis showed that 
microbial phytase inclusion (150-1570 FTU/kg diet) increased the digestibility of Zn and plasma Zn 
concentration (Bikker et al., 2012). Further, it was estimated that 27 mg of Zn from ZnSO4 can be 
replaced by the supplementation of 500 FTU/kg diet (Bikker et al., 2012). However, all diets used 
in the meta-analysis contained less than 100 mg Zn/kg diet, while the amount of Zn from ZnSO4 
that can be replaced by phytase might be less in diets containing ≥100 mg Zn/kg diet. According to 
EFSAs recommendations, the maximum content of Zn can be reduced by 30% (piglets and sows: 
from 150 to 110 mg Zn/kg diet; fattening pigs: from 100 to 70 mg Zn/kg diet) by use of phytase 
(plant or microbial). It is our assessment that the suggested reduction of 30% of the maximal 
recommended content of Zn by use/presence of phytase is based on an insufficient basis, as it is not 
specified which activity (plant and/or microbial phytase) is needed to ensure that a reduction of 
30% is defensible. We are especially concerned about newly weaned piglets and other pigs in 
critical phases of their lives. Furthermore, it is our assessment that the scientific basis for the effect 
of particular plant phytase but also microbial phytase on the availability of Zn is insufficient. 
Studies with phytases show that the magnitude of the effect of phytase on the digestibility of 
phosphorus is depending on the diet composition, heat-treatment of the diet, liquid/dry feeding ect. 
We assume that this will be similar for the effects of phytase on Zn availability and needs to be 
addressed, especially during physiologically challenged periods (after weaning; around mating; 
farrowing and onset of milk production) where the pigs’ feed intake is low due to abrupt shifts or 
restrictions in feed intake.  
 
6. Development of resistance to antibiotics 

High dietary zinc (Zn) levels of 2500-3000 ppm supplemented the first two weeks post-
weaning and high dietary cobber (Cu) levels of 125-170 ppm supplemented the first 12 weeks of 
age are suspected to promote resistance in bacteria against antibiotic. This is due to the close 
location of the genes coding for antibiotic, Zn and Cu resistance which may result in co-selection. 
To evaluate the consequences of the present use of Zn and Cu in the pig production in relation to 
the risk of development and prevalence of antibiotic resistance, studies comparing the effect of 
dietary Zn and/or Cu at or below the recommended levels (Table 1) with the effects of high dietary 
levels of Zn and/or Cu were selected.  
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A study by Slifierz et al. (2015) showed higher prevalence (nasal swabs) of methicillin-
resistance Staphylococcus (MRSA; Gram-positive), in weaned pigs fed 3000 compared with 100 
ppm Zn as ZnO at week 1 (26 vs. 2%) and 2 (52 vs. 25%) post-weaning but not at week 3 and 4 
post-weaning (Slifierz et al., 2015). Additionally, pigs fed 3000 ppm Zn exhibited higher 
persistence of MRSA carriage compared with 100 ppm (22 vs. 2%; tested positive ≥ 2 times post-
weaning out of 4 samplings (week 1, 2, 3 and 4 post-weaning) (Slifierz et al., 2015). Thus, Slifierz 
et al. (2015) concluded that the increased prevalence, in particular during the early phase of nursery, 
may raise concerns for a co-selection for methicillin resistance. Another study by the same group 
showed that in pig digesta, the antibiotic resistance genes tetA and sul1 (encoding for tetracycline 
and sulfonamide resistance, respectively) were identified in enterobacteria (Gram-negative) and the 
copy numbers of these genes (measured as mRNA by qPCR) were found to be higher in pigs fed 
2425 compared with 57 or 614 ppm Zn as ZnO at day 13, 20 and 27 post-weaning (Vahjen et al., 
2015). It should be noted that qPCR only measures the expression of the genes at mRNA level 
which needs to be translated to have a phenotypically function. Thus, the mRNA level cannot be 
used as a direct measure for the corresponding protein level as it is uncertain to which extend the 
mRNA is translated to a functional protein.  

Bednorz et al. (2013) observed a higher diversity of E. coli (Gram-negative) and a greater 
proportion of multi-resistant (i.e. resistance against at least three antimicrobial classes) E. coli (18.6 
vs. 0%) isolated from digesta collected from the ileum and colon (day 7, 14 and 28 post-weaning), 
when pigs were fed 2500 compared with 50 ppm Zn as ZnO for four weeks post-weaning (Bednorz 
et al., 2013). In contrast, feeding 3000 ppm Zn (as ZnO) alone or together with 125 ppm Cu (as 
CuSO4) for 42 days post-weaning did not affect the resistance rate (to: chlortetracycline, neomycin, 
oxytetracycline and tiamulin) of fecal E. coli isolated at day 14 post-weaning. However, feeding 
125 ppm Cu (as CuSO4) alone tended to increase E. coli resistance at day 14 (to: chlortetracycline 
and oxytetracycline) and day 42 (to: chlortetracycline and neomycin). At day 42, an interaction 
between Cu (125 ppm) and Zn (2000 ppm) was detected which was due to a considerable decrease 
in the E. coli resistance rate (to: chlortetracycline and neomycin), when Cu was fed alone (Shelton 
et al., 2009). In Enterococcus faecium (Gram-positive), the copper resistant gene tcrB has been 
shown to be strongly correlated to resistance to the antibiotics: macrolide and glycopeptide 
(Hasman and Aarestrup, 2002). Accordingly, supplementation of Cu in the range of 125-175 
compared with 6-16.5 ppm Cu as CuSO4 was shown to increase the prevalence of tcrB-positive 
(copper resistant gene; measured as mRNA by qPCR) fecal E. faecium (80-94% vs. 20-40%) 
(Hasman et al., 2006) and enterococci (21.1 vs. 2.8%) of which 88% were E. faecium (Amachawadi 
et al., 2011). Moreover, E. faecium isolates from pigs fed high Cu were more resistant to the 
antibiotics macrolide and glycopeptide (Hasman et al., 2006), while all tcrB-positive and tcrB-
negative enterococci isolates in the study by Amachawadi et al. (2011) were resistant to 
erythromycin (macrolide antibiotic) and the minimum inhibitory concentration values for 
vancomycin (glycopeptide antibiotic) were higher for the tcrB-positive.  

In conclusion, we assess that the use of high dietary Zn and/or Cu in the pig production may 
increase the risk of development and spread of antibiotic resistance among animals and humans. 
However, this assessment is established on a weak scientific basis as only very few trials have 
compared the effect of the high Zn and/or Cu levels with recommended or lower levels (Table 1) on 



15 
 

the development of resistance against antibiotic in controlled experiments reflecting typical pig 
production conditions. Thus, detailed throughout experiments are needed to verify at which 
supplemental level and for how short time, pigs should to be exposed to high dietary Zn and/or Cu 
supplementation to promote the risk of the development of antibiotic resistant bacteria. Finally, 
investigations of to which extend dietary supplementation of high levels of Zn and/or Cu to pig 
diets increases antibiotic resistance compared with the use of antibiotics are lacking. 
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