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what are the alternatives?
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In June 2017, the European Commission decided to ban the use of veterinary drugs containing
high doses of zinc oxide (3000mg/kg) from 2022. The use of zinc oxide in pig production must
then be limited to a maximum level of 150ppm. Companies have been on the lookout for
eﬀective alternative strategies to maintain high proﬁtability.
Modern pig production is characterised by its high intensity. In many European countries, piglets are
weaned after 3-4 weeks, before their physiological systems are fully developed (e.g. immune and enzyme
system). Weaning and thus separation from the mother, as well as a new environment with new germs,
means stress for the piglets. Besides, the highly digestible sow’s milk, for which the piglets are wholly
adapted, is replaced by solid starter feed.
This, associated with the above-mentioned stressors, can result in reduced feed intake during the ﬁrst
week after weaning and therefore in a delayed adaptation of the intestinal ﬂora to the feed. Since the
immune system of animals is not yet fully functional, pathogens such as enterotoxic E. coli can colonize
the intestinal mucosa. This can possibly develop into a dangerous dysbiosis, leading to an increased
incidence of diarrhea. Inadequate absorption results in suboptimal growth with worse feed conversion. The
consequences are economic losses due to higher treatment costs, lower yields, and animal losses.
Diarrhea is one of the most common causes of economic losses in pig production. In the past, this was the
reason antibiotics were prophylactically used as growth promoters. Antibiotics reduce antimicrobial
pressure and have an anti-inﬂammatory eﬀect. In addition to reducing the incidence of disease, they
eliminate competitors for nutrients in the gut and thus improve feed conversion.
However, the use of antibiotics as growth promoters has been banned in the EU since 2006 due to

increased antimicrobial resistance. As a result, zinc oxide (ZnO) appeared on the scene. A study carried
out in Spain in 2012 (Moreno, 2012) showed that 57% of piglets received ZnO before weaning and 73%
during the growth phase (27-75 days).

Zinc oxide: the disadvantages
outweigh the advantages
What made the use of zinc oxide so attractive? Zinc oxide is inexpensive, available in many EU countries,
and as a trace element it can be used in high doses through premixing. In some countries, however, a
veterinary prescription is needed; in others, the use is already banned.
Zinc is a trace element involved in cell division and diﬀerentiation, and it inﬂuences the eﬃcacy of
enzymes. Since defence cells also need zinc, a supplementation that covers the demand for zinc
strengthens the body’s defences. Through a positive eﬀect on the structure of the gut mucosa membrane,
zinc protects the body against the penetration of pathogenic germs.
If ZnO is used in pharmacological doses, it has a bactericidal eﬀect against e.g. staphylococci (Ann et al.,
2014) and various types of E. coli (Vahjen et al., 2016). Thus, prophylactic use prevents the incidence of
diarrhea and the consequent decrease in performance. But the use of zinc oxide also has “side eﬀects”.

Accumulation in the environment
Zinc belongs to the chemical group of heavy metals. For the use as a performance enhancer, it has to be
administered in relatively high doses (2000–4000ppm). These high amounts are far above the
physiological needs of the animals. With relatively low absorption rates (the bioavailability amounts to
approximately 20% (European Commission, 2003)) and subsequent accumulation in manure, zinc can
cause substantial contamination of the environment.

Encouraging the development of antibiotic resistance
In addition to the accumulation of zinc in the environment, another aspect also plays an important role:
according to Vahjen et al. (2015), a dose of ≥2500mg/kg of food increases the presence of tetracycline
and sulfonamide resistance genes in bacteria. In the case of Staphylococcus aureus, the development of
resistance to zinc is combined with the development of resistance to methicillin (MRSA; Cavaco et al.,
2011; Sliﬁerz et al., 2015). A similar eﬀect can be observed in the development of multiresistant E. coli
(Bednorz et al., 2013; Ciesinski et al., 2018). The reason for this is that the genes that encode antibiotic
resistance, i.e. the ones that are “responsible” for the resistance, are found in the same plasmid (a DNA
molecule that is small and independent of the bacterial chromosome).

Consequence: no more zinc oxide in the production of
piglets from 2022 onwards
The negative eﬀects on the environment and the promotion of antibiotic resistance led to the European
Commission’s decision in 2017 to completely ban zinc oxide as a therapeutic agent and as a growth
promoter in piglets within ﬁve years.

There are eﬀective alternatives to zinc oxide
By the 2022 deadline, the EU pig industry must ﬁnd a solution to replace ZnO. It must develop strategies
that make future pig production eﬃcient, even without substances such as antibiotics and zinc oxide. To
this end, measures should be taken at diﬀerent levels, such as farm management and biosecurity (e.g.
eﬀective hygiene management). The promotion of intestinal health for high animal performance is most
important, however.

Promotion of gut health through stable gut microbiota
The term eubiosis denotes the balance of microorganisms living in a healthy intestine, which must be
maintained to prevent diarrhea and ensure performance. However, weaning, food switching, and other
external stressors can endanger this balance. As a result, potentially pathogenic germs can “overgrow”
the commensal microbiome and develop dysbiosis. Through the use of functional supplements, intestinal
health can be improved.

Phytomolecules – potent compounds created by nature
Phytomolecules, or secondary plant compounds, are substances formed by plants with a wide variety of
properties. The best-known groups are probably essential oils, but there are also bitter substances, spicy
substances, and other groups.
In animal nutrition, phytomolecules such as carvacrol, cinnamon aldehyde, and capsaicin can help improve
intestinal health and digestion. They stabilize the intestinal ﬂora by slowing or stopping the growth of
pathogens that can cause disease. How? Phytomolecules, for example, make the cell walls of several
bacteria permeable so that cell contents can leak. They also partially interfere with the enzymatic
metabolism of the cell or intervene with the transport of ions, reducing the proton motive force. These
eﬀects depend on the dose: all these actions can destroy bacteria or at least prevent their proliferation.

Another point of attack for phytomolecules is the communication between microorganisms (quorum
sensing). Phytomolecules can prevent microorganisms from releasing substances known as autoinducers,
which they need to coordinate joint actions such as the formation of bioﬁlms or the expression of virulence
factors.

Medium-chain triglycerides and fatty acids
Medium-chain triglycerides (MCT) and fatty acids (MCFA) are characterised by a length of six to twelve
carbon atoms. Thanks to their eﬃcient absorption and metabolism, they can be optimally used as an
energy source in piglet feeding. MCTs can be completely absorbed by the epithelial cells of the intestinal
mucosa and hydrolysed with microsomal lipases. Hence they serve as an immediately available energy
source and can improve the epithelial structure of the intestinal mucosa (Hanczakowska, 2017).
In addition, these supplements have a positive inﬂuence on the composition of the intestinal ﬂora. Their
ability to penetrate bacteria through semi-permeable membranes and destroy bacterial structures inhibits
the development of pathogens such as salmonella and coliforms (Boyen et al., 2008; Hanczakowska, 2017;
Zentek et al., 2011). MCFAs and MCTs can also be used very eﬀectively against gram-positive bacteria
such as streptococci, staphylococci, and clostridia (Shilling et al., 2013; Zentek et al., 2011).

Prebiotics
Prebiotics are short-chain carbohydrates that are indigestible for the host animal. However, certain
beneﬁcial microorganisms such as lactobacilli and biﬁdobacteria can use these substances as substrates.
By selectively stimulating the growth of these bacteria, eubiosis is promoted (Ehrlinger, 2007). In pigs,
mannan-oligosaccharides (MOS), fructooligosaccharides (FOS), inulin and lignocellulose are mainly used.
Another element of prebiotics’ positive eﬀect on intestinal health is their ability to agglutinate pathogens.
Pathogenic bacteria and MOS can bind to each other through lectin. This agglutination prevents
pathogenic bacteria from adhering to the wall of the intestinal mucosa and thus from colonizing the
intestine (Oyofo et al., 1989).

Probiotics
Probiotics can be used to regenerate an unbalanced gut ﬂora. To do this, useful bacteria such as biﬁdo or
lactic acid bacteria are added to the food. They must settle in the gut and compete with the harmful
bacteria.
There are also probiotics which target the communication between pathogens. In an experiment, Kim et al.
(2017) found that the addition of probiotics that interfere with quorum sensing can signiﬁcantly improve
the microﬂora in weaned piglets and thus their intestinal health.

Organic acids
Organic acids show strong antibacterial activity in animals. In their undissociated form, the acids can
penetrate bacteria. Inside, the acid molecule breaks down into a proton (H+) and an anion (HCOO-). The
proton reduces the pH value in the bacterial cell and the anion interferes with the bacteria’s protein
metabolism. As a result, bacterial growth and virulence are inhibited.

Conclusion
Today there are several possibilities in piglet nutrition to eﬀectively support the young animals after
weaning. The main objective is to maintain a balanced intestinal ﬂora and therefore to sustain intestinal
health – its deterioration often leads to diarrhea and hence to reduced returns. Intestinal health is
promoted by stimulating beneﬁcial bacteria and by inhibiting pathogenic ones. This can be achieved
through feed additives that have an antibacterial eﬀect and/or support the intestinal mucosa, such as
phytomolecules, prebiotics, and medium-chain fatty acids. Through a combination of these possibilities,
additive eﬀects can be achieved. Piglets receive optimal support and the use of zinc oxide can be reduced.
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