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Trace Mineral Source Impacts Rumen Trace Mineral Metabolism and Fiber Digestion 
The source of trace minerals in animal feed may impact its digestibility.  Research has shown that 
lactating dairy cows supplemented with hydroxy trace minerals had greater neutral detergent fiber 
(NDF) digestibility than those supplemented with sulfate trace mineral sources.1  Research has also 
shown that hydroxy forms of copper and zinc are relatively insoluble at neutral or slightly acidic pH 
ranges (rumen pH) and increase in solubility as pH decreases (abomasum and early small 
intestine), whereas sulfate forms of copper and zinc are almost completely soluble at neutral to 
slightly acidic pH ranges.2,3   
 
Recent research conducted at Colorado State University examined the influence of trace mineral 
source on fiber digestibility, ruminal volatile fatty acid (VFA) composition, ruminal soluble 
concentrations of copper, manganese, and zinc, and relative binding strength of trace minerals 
located in the rumen insoluble digesta fraction.4  This study used 12 Angus steers fitted with ruminal 
cannulae that were fed a medium-quality chopped grass hay-based diet (contained 10.8% crude 
protein and 63.1% NDF on a dry matter [DM] basis) balanced to meet nutrient requirements for 
growing steers during a 21-day adaptation period.  No supplemental copper, manganese, and zinc 
were fed during this time.  After the 21-day adaptation period, the steers received one of two 
treatments: sulfate or hydroxy (IntelliBond C, M, and Z; Micronutrients USA LLC., Indianapolis, IN) 
trace mineral sources to provide 20, 40, and 60 ppm of supplemental copper, manganese, and zinc 
(DM basis), respectively.  Following the 21-day adaptation period, total fecal output was collected for 
5 days to measure fiber digestibility. 
 
The influence of trace mineral source on nutrient digestibility is shown in Table 1. These researchers 
reported that steers supplemented with hydroxy trace minerals had greater NDF (P < 0.04) and acid 
detergent fiber (ADF) (P < 0.05) digestibility than those supplemented with sulfate trace minerals.  In 
addition, DM (P < 0.07) and crude protein (CP; P < 0.06) digestibility tended to be reduced in steers 
supplemented with sulfate trace minerals.  
 

Table 1.  Influence of trace mineral source on dry matter (DM), acid detergent fiber 
(ADF), neutral detergent fiber (NDF), and crude protein (CP) digestibility in steers  
fed a high roughage diet. 
 Treatment  
Item HTM1 STM2 P< 
DM digestibility, % 53.4 51.9 0.07 
ADF digestibility, % 34.1 32.4 0.05 
NDF digestibility, % 42.7 40.4 0.04 
CP digestibility, % 54.3 51.2 0.06 

Adapted from Guimaraes et al., 2021. 
1Hydroxy trace minerals: 20 ppm copper from CuOHCl; 40 ppm manganese from MnOHCl; 60 
ppm zinc from ZnOHCl. 
2Sulfate trace minerals: 20 ppm copper from CuSO4; 40 ppm manganese from MnSO4; 60 ppm 
zinc from ZnSO4. 

 
On day 6, ruminal fluid was collected at 0-, 2-, and 4-hours post-feeding and analyzed for volatile 
fatty acids (VFA).  It was reported that steers receiving hydroxy trace minerals had greater (P < 0.05) 
total VFA concentrations than sulfate trace mineral supplemented steers.  Additional data showed 
that copper and zinc from hydroxy trace minerals had low solubility in the rumen and appeared to be 
less tightly bound to ruminal solid digesta than copper and zinc from sulfate trace minerals.  The 
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lower ruminal soluble concentrations of copper and zinc in steers given hydroxy trace minerals were 
associated with greater fiber digestibility. 
 
These authors concluded that steers supplemented with sulfate trace minerals had less fiber 
digestibility and total ruminal VFA concentrations than steers receiving hydroxy trace minerals.  In 
addition, copper and zinc from sulfate trace minerals were more tightly bound to ruminal solid 
digesta than hydroxy trace minerals. They noted that the stronger binding of sulfate trace minerals to 
the ruminal solid digesta may indicate a reduction of the bioavailability in the small intestine. 
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