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Sustainably Weaning Piglets with 
Correct Levels of Zinc 

Summary
Zinc oxide at medicinal level is banned in some 
European countries already and will be banned in 
all by 2022. A literature review clearly shows that 
due to the multiple modes of action zinc oxide has, 
it cannot easily be replaced by a single alternative 
component but at the very least, intestinal integrity 
and microbiome need to be addressed. As the 
challenge level in practical farming is drastically 
different from that in research institutions, every 
alternative should be validated in the field. This 
article covers both the review of the effects of high 
levels of zinc oxide, and the successful validation of a 
potential alternative under real farming conditions.

Introduction
It is crucial in any discussion to distinguish the physiological 
need for zinc as a trace mineral from the medicinal use of 
zinc oxide. The latter has serious ecological consequences 
of increased zinc levels in the environment. Additional 
studies have shown high zinc oxide levels can select for 
anti-microbial resistance, which is an even more serious 
reason for concern. Therefore, independent of an existing 
of upcoming ban on zinc oxide, sustainable pig production 
needs to be made feasible without it.

The Physiological Need for Zinc 
Zinc is an essential trace mineral, recommended from the 
NRC at 46.6 mg zinc per day in piglets for the first two weeks 
after weaning. Including the maximum permitted European 
level of zinc from 2022 on, which is 150 ppm in the starter 
feed is aimed at addressing this need for zinc. Referencing 
the highest published bio-availabilities of organic zinc 
sources (91%) from broiler studies, a feed intake needed 
to fulfil the need for zinc can be calculated. To meet the 
NRC recommended levels, piglets would need to consume 
341g of food per day directly from weaning. This number is 
typically only reached a fortnight after weaning, therefore the 
physiological need for zinc cannot be met within those limits. 
This situation is made more critical as studies in infants and 
piglets have shown lack of zinc can make diarrhoea worse 
and diarrhoea itself is leading to significant losses of zinc. 

Lack of minerals is always welfare-relevant, as piglets will 
actively search for minerals, which can promote ear- and 
tail-biting. A lack of zinc and other minerals can contribute 
to developing cannibalism.

Zinc Oxide at Medicinal Inclusion Rates
Zinc oxide aims to address the physiological need for zinc. 
Bioavailability of zinc from the oxide is typically only 20%. 
Its main effect is due to the high inclusion (up to 2500 ppm 
zinc) and effects within the gastro-intestinal tract. When 
considering a replacement for these unphysiological high 
zinc inclusions, it is important to replace the effects the 
zinc oxide had in the gastro-intestinal tract of the newly 
weaned pig.

Feed intake 
The first effect that can be observed when including zinc 

oxide in diets at weaning is a reduction in feed intake. 
Zinc oxide is not palatable, and piglets will consume less 
feed when zinc oxide is present. This effect is negative 
for both gastro-intestinal health and piglet growth. Any 
replacement should therefore aim to have no, or at least 
less of a negative impact on feed intake at weaning.

Gut structure and integrity
Zinc plays a crucial role in maintaining gut integrity and 
tight junctions. This is critical at weaning as potential 
pathogens (e.g. E. coli) depend on translocation to cause 
severe disease in young animals. Even without the presence 
of potential pathogens impaired intestinal integrity makes 
absorption of vital nutrients less efficient. If diets contain 
potential toxins such as mycotoxins, those can affect young 
animals worse when intestinal integrity is impaired. One 
alternative for high levels of zinc is butyrates1, which have 
been shown to directly improve intestinal integrity and tight 
junctions. As unlike zinc oxide, butyrates are absorbed very 
efficiently, it is important to use butyrates with a proven 
slow release to have an effect along the intestinal tract4.

Microbiome effects
There is no clear consensus of the effect high levels of 
zinc oxide have on the intestinal microbiome. A recent 
study by Yu et al.6 suggests that it has limited effect on the 
overall microbiome, mostly when compared to antibiotic 
usage. Højberg et al.2 found increased levels of potential 
pathogens such as E. coli which have been linked to 
weaning diarrhoea. Alternatives to zinc oxide will therefore 
not be able to have the same effect on the microbiome, as 
the effect does not appear to be clearly described to date. 
The E. coli modulating effect expected in practical farming 
has not been demonstrated in any scientific work.

Two effects of alternative solutions are, however, 
desirable with regard to the microbiome: a modulation 
of overall microbial growth benefitting from undigested 
feed in the large intestine (E. coli, Clostridia spp.) and a 
promotion of the beneficial flora such as Lactobacilli and 
Bifidobacteria. Options to achieve these effects are slow-
release organic acids, for an overall modulation of gram-
flora plus pre- or probiotics to increase the beneficial 
part of the gram positive microbiome. Bacillus have 
been described to produce bifidogenic molecules which 
promote Lactobacilli, for example3.

Immunity
Zinc above the physiological need has limited effect on 
immunity. However, in pigs and humans the detrimental 
effect of even a slight undersupply of zinc on the immune 
response has been well documented. Zinc oxide at high 
levels might have covered the potential supply gap with 
regard to immunity. When removing the zinc oxide, the 
piglets’ immune response might benefit from assistance. 
Ideally this should come from the sow via colostrum 
antibodies. But even only supplying beta-(1.3)-glucan to 
the piglet can help mature the immune system faster5.

The field study
To validate the literature-based replacement strategy for 
zinc oxide, a large-scale field trial was set up.
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It replicated a field level of health challenge by being 
set up on a commercial trial farm unit in Hungary. Trials 
were performed based on existing commercial diets rather 
than research diets. The prestarter was medicated with 
Amoxycillin and Colistin. The piglets’ diets consisted of a 
pre-starter and a starter, with weaning at 26 days. The trial 
comprised a total of 332 piglets and was repeated twice 
with equal group sizes for the zinc oxide (2500mg/kg) and 
trial groups respectively.

The piglets had a standard diet that consisted of a pre-
starter from approximately 6.2–7.5kg live weight (for 15 
days) and a starter being fed from an average of 10–11kg 
life weight for 26 days. Weaning was routinely done at the 
age of 26 days. The trial was repeated twice with equal 
group sizes for the zinc oxide and trial groups respectively. 
The first trial (trial 1) was run from July with 160 piglets, the 
second set (trial 2) was an exact repeat of the setup of trial 
1 with 172 piglets.

Figure 1 Schematic exchange of zinc oxide in the starter and 
prestarter diets

Table 1 Key performance parameters, mortalities and economics of 
the starter phase

For the prestarter trial diet, a total replacement of 
zinc oxide dosed at 3kg/t was carried out (Figure 1). This 
complete exchange was cost neutral. The prestarter did 
already contain a butyric acid source, however as a slow 
release could not be guaranteed it was replaced by 1.5kg of 
a proven slow release butyrate per ton of feed. Additionally, 
a partial replacement of 3kg/ton of feed free organic acids 
with 5kg/ton of feed of coated organic acids of feed was 
carried out. As free organic acids have previously been 
shown to be beneficial in piglets, a complete exchange of all 
free acids was not recommended. To help the microbiome 
cope with weaning, continued supply of Bacillus subtilis 
(PB6) at 2x108 CFU per kg of feed.

This feed was medicated with Amoxycillin (400 mg/kg) 
and Colistin (120 mg/kg). This medication was not changed, 
as the aim of the trial was only to replace zinc oxide, not to 
remove antibiotics.

For the starter trial diet, a total replacement of zinc oxide 
dosed at 3kg/t was carried out as well as replacement 
of 3kg of free organic acids (Figure 1). The slow-release 
butyrate supplementation was continued in the starter at 
1kg/ton of feed. Additionally, a full replacement of 3kg/ton of 
feed free organic acids with 4kg/ton of feed of slow-release 

acids of feed was carried out. To help the microbiome cope 
with weaning, continued at 2x108 CFU per kg of feed. Neither 
the zinc oxide control nor the alternative starter feed was 
medicated.

The objective was a successful replacement of all zinc 
oxide with performance, health and mortality in both trial 
groups at least equal to that of the respective control 
groups with zinc oxide.

The trial showed the alternative perform as well as the 
zinc oxide in the pre-starter with regard to weight gain 
(Table 1) and diarrhoea. In the starter, better feed intake 
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(FCR kg/kg: - 0.66, 0.67), and an improved final weight of 
4.8 and 3.6kg could be observed, respectively. Additionally, 
a decrease in severe ear necrosis in the zinc oxide-free 
groups could be observed.

The trial sufficed for practical applications as the 
alternative is both economically viable and welfare 
improved compared to the control. From a scientific 
perspective, several questions need to be studied in 
more detail than was possible in this trial, such as the 
impact removal of the zinc oxide has on absorption of 
critical macro and trace minerals and overall intestinal  
integrity.

In the pre-starter phase, both the zinc oxide and 
alternative groups showed very similar results. No diseases 
or diarrhoea requiring treatment were observed in 
either group. Therefore, the zinc oxide replacement was 
considered successful. In the starter phase (Table 1) after 
weaning, noticeable differences could be observed. The 
difference in mortality was mainly due to culling for ear 
necrosis. The reduction of ear necrosis could be linked to 
better absorption of minerals from the diet in the absence 
of zinc oxide and better gastro-intestinal welfare.

The weight of the culled animals has been considered 
for the FCR calculations. In both trials, the alternative 
group was heavier at the end of the phase compared to 
the control groups (4.8 and 3.6kg, respectively). The zinc 
oxide alternative showed much higher daily feed intake 
in both groups, probably due to better palatability due to 
the lack of zinc oxide supplementation. In accordance with 
the higher feed intake, FCR was markedly improved by the 
replacement of zinc oxide in the diet.

Economically, the exchange was cost-neutral from the 
additive point of view. From the value of the piglets for sale, 
the alternatives had an economic benefit of nearly €7 and 
€8.70 respectively. This benefit was based both on the 
better survivability and weight gain, and the improved feed 
conversion in the alternative groups.

Conclusions
The theoretical effects of zinc oxide on prevention 
of diarrhoea and health could be replaced with the 
alternatives. The anticipated improvement in feed intake 
due to better palatability could be observed in both trials. 
The trial was also economically viable, as the alternative 
was cost-neutral compared to the zinc oxide inclusion.
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