
 

 
 

 

 
 

Introduction 
Global meat production is expected to rise by 12% from 2023 to 2032, with pork production growing 
from 117 to 129 million metric tons per year (OECD and FAO). Most of the environmental impact in 
pig farming comes from the feed system, which includes crop cultivation, feed manufacturing, and 
transportation. Improving pig health, management, and feed efficiency, as well as better handling of 
swine waste, can help meet the growing demand for pork while reducing its environmental impact 
(Andretta et al., 2021). Trace minerals such as copper (Cu), zinc (Zn), manganese (Mn), and iron (Fe) 
are essential for pig health, growth, and reproduction. However, they are often over supplied at levels 
far above the NRC (2012) requirements, either as a safety margin or for growth promotion. This 
over-supplementation leads to substantial excretion of minerals, primarily in feces, which can 
accumulate in soils and contribute to environmental contamination (Faccin et al., 2023).  
 

Microminerals  
Surveys of U.S. swine diets indicate that vitamin and trace mineral premixes are often formulated at 
2–10 times requirement estimates (Faccin et al., 2023). Feeding above requirement is common in 
nursery pigs, where pharmacological levels of Zn (2,000–3,000 mg/kg) and high Cu (up to 250 
mg/kg) are used to improve gut health and performance (Hill et al., 2000; Shelton et al., 2011). 
However, these levels lead to excessive fecal mineral excretion. 
 
Improved strategies for mineral nutrition, including precision supplementation and replacement with 
organic forms, can reduce environmental loading of trace minerals while maintaining performance. 
Replacing inorganic minerals with organic or chelated forms improves bioavailability and reduces 
excretion. For example, Xiong et al. (2023) demonstrated that lowering Cu, Zn, and Mn 
supplementation by using organic sources reduced fecal mineral output by 17–53%. Hansen et al. 
(2023) showed that feeding Zn at requirement levels, instead of pharmacological concentrations, 
decreased total Zn excretion by up to 49% without impairing pig growth. 
 
 100% Inorganic 

Trace Minerals 
30% Organic 
Trace Minerals 

45% Organic 
Trace Minerals 

60% Organic 
Trace Minerals 

Cu, mg/kg 159.0 92.7 101.7 114.5 
Zn, mg/kg 846.7 395.3 418.0 521.0 
Mn, mg/kg 762.7 609.2 635.5 671.3 
Adapted from Xiong et al., 2023 

 

Summary 
 Trace minerals are often supplemented 2-10x NRC (2012) requirements, leading to unnecessary 

excretion  
 Pharmacological Zn (2,000-3,000 mg/kg) and high Cu (> 250 mg/kg) are common in nursery 

diets, but result in heavy fecal mineral losses 
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 Organic minerals have higher bioavailability and allow for lower inclusion levels with similar 
performance outcomes 

 Replacing organic Cu, Zn, and Mn with organic forms reduced fecal excretion by 17-53% 
 Feeding Zn at requirement level, rather than pharmacological doses, lowered excretion up to 49% 
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