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How much mineral is in our forages? 
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Trace mineral ranges in forage  

Trace mineral antagonists in 
forage  



1/20/17 

3 

Trace mineral classification of 
forages  

Trace			 2016	 1994	
Beef	
NRC	

Mineral	 Average	 SD	 Average	 Req.	
									ppm	
Copper	 11.5	 9.78	 11.0	 10.0	

Molybdenum	 1.9	 1.1	 NA	 NA	
Iodine	 0.35	 0.21	 NA	 0.5	
Selenium	 0.24	 0.21	 0.28	 0.1	
Zinc	 26.4	 8.0	 26.0	 30	
Manganese	 90.0	 43.0	 75.0	 20	
Cobalt	 0.44	 0.47	 NA	 0.15	
Iron	 380	 298	 300	 50	

D.	Morrical;	Project	funded	by	IBC	mini-grant	and	ISWPB.	

Trace mineral classification of 
some Iowa forages  
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Variability		

• Variability of mineral content of forage is great 
• Will vary even within a geographical location 
▫  1) plant species, 2) soil characteristics, 3) soil 

fertility, 4) stage of plant maturity, and 5) climatic 
conditions 
▫  Zn, and Cu uptake by plants is decreased as soil 

pH increases 
▫  Mo uptake increases as soil pH increases.  

•  Therefore take averages with a grain of NaCl 

Suttle, 2010 

Soil	pH	impacts			



1/20/17 

5 

INTAKE !!! 

ANTAGONISM !!! ABSORPTION 

EXCRETION 
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Trace mineral supplementation 

Mineral	Status	vs.	Performance	
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But my cows seem ok… 

Goal of supplementation is to prevent subclinical 
deficiency of which symptoms are not easily observed 

Mineral	supplementaSon	impacts	
calf	performance		

•  Cows	milk	provides	macro-minerals	but	is	
deficient	in	micro-minerals	
– Calves	rely	on	their	liver	stores	of	micro-minerals	
during	early	life	

•  Even	with	a	good	mineral	program	during	
gestaSon	risk	period	for	micro-mineral	
deficiency	starts	at	about	two	to	three	months	
of	age	
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• Complete Feed 
▫  Minerals are added to a complete TMR 
▫  Assures best intake to meet needs 

•  Supplement 
▫  Minerals are added to a supplement 
▫  Ignores forage mineral value 

•  Free-choice 
▫  Minerals are provided in self-feeding situation 
▫  Intake will vary considerably among animals 

Supplementation Strategies 

• Advantages 
▫  Consistent delivery 
▫  Availability 
▫  Avoid dietary antagonisms (increased availability 

to tissues) 
• Disadvantages 
▫  Cost 
▫  Possible stress at handling 

Injectable Mineral 
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ISU Beef Research Facility 

Video courtesy of Ryan Carmichael  

No mineral is an island  

• Antagonists 
▫  An element which 

inhibits the 
absorption or 
transport of another 
element 
▫  Can often cause what 

is called a secondary 
deficiency 

JOB SECURITY 
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Adapted from Suttle, 1991 

Mo	and	S	as	Cu	antagonists	

Copper, sulfur and molybdenum 

•  Sulfur shown to decrease absorption of Se 
• Retention of Mn decreased in high S diets  
•   Zn status decreased by high S diets  

S	antagonism	with	TM		
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Minerals  

• Macro-minerals 
▫  Calcium 
▫  Magnesium* 
▫  Phosphorus 
▫  Potassium 
▫  Sodium 
▫  Sulfur 

 

• Micro-minerals 
▫  Cobalt 
▫  Copper* 
▫  Iodine 
▫  Iron 
▫  Manganese 
▫  Selenium* 
▫  Zinc* 

Redder	isn’t	beZer			

•  Iron deficiency is extremely rare in grazing beef cattle 

•  Often dietary Fe concentrations are well over two times 
the requirement in forages 

•  Fe can have antagonistic effects on Cu, Zn and Mn 
 

•  Fe added to mineral supplements to serve as a coloring 
agent.  
▫  Iron oxide (FeO) is typically used for this purpose 
▫  Although FeO is not readily available to cattle as an 

iron source, it can exacerbate an already low Cu status 
in cattle 
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Copper		

• Cu is critical to growth, immune function and 
reproductive success of beef cattle  

• Highly susceptible to negative interactions in the 
rumen and intestine which decreases absorption 

Zn	SupplementaSon	affects	Cu		

•  Prevent negative interactions of high Zn in diet 
▫  Keep Zn to Cu ratio around 3:1 

• Elevated Zn intake stimulates production of 
storage protein that binds Cu instead, causing 
less Cu to be absorbed.  
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Selenium	

•  Can be quite variable across 
the state 

•  In general it should be 
supplemented 

•  Requirement 0.1 ppm 
•  FDA will allow supplemental 

Se at 0.3 ppm 

Iodine	and	Cobalt		

•  Iodine and cobalt should be added to all mineral 
supplements 

•  Requirement is  
▫  0.5 ppm for Iodine 
▫  0.15 ppm for cobalt 

•  Iodine is important in thyroid gland hormones 
▫  Regulate energy metabolism, thermoregulation, 

reproduction, growth and development 
•  Cobalt is important for energy metabolism 
▫  Depressed appetite, decreased growth or loss of 

weight, reduced milk production 
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Sodium		

•  Forage Na is often below animal requirements and 
supplementation is essential 

•  Cattle crave salt and will consume it in excess when it is 
provided free-choice 

 

Phosphorus	and	Calcium	

•  Forage often sufficient in Ca but not always P 

•  Low Ca or P will reduce milk production 

•  P is also involved in the chemical reactions of energy 
metabolism. 

•  Ca and P supplementation should be considered 
simultaneously 

•  Want a Ca:P ratio of no less than 1:1 
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Grass	Tetany	(Mg)	

• Concentration of a mineral in the diet does not 
always guarantee adequate status 

•  Little storage of Mg in body   
▫  Magnesium homeostasis depends on a continual 

absorption of Mg from the gut  
•  Increased K and N  interferes with Mg 

absorption 
•  Want K:Mg of 10:1 or less 

 

Nutritional Wisdom of Cattle?	

• Cattle do not have the capability to balance their 
own diets.  

• Mammals exhibit little nutritional wisdom  
▫  Animals will select a palatable but poor quality 

diet in preference to an unpalatable, nutritious 
diet, even to the point of death (McDowell, 1995).  

•  Palatability, and not metabolic demand, is the 
factor controlling mineral consumption by beef 
cattle (Marston, 1999). 
▫  For most free choice minerals salt is the intake 

driver 
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Sources of minerals	

• Bioavailability to the animal  
▫  How much will be absorbed and used  

•  Less available 
▫  Most oxide based minerals 
�  Ex. Copper Oxide 
�  Exceptions: Magnesium and Zinc 

• More available  
▫  Sulfate, carbonate or chloride 
�  Ex. Zinc Sulfate 

 

Mineral	 Supplement	 Mineral	concentraSon	
(percent)	

RelaSve	
bioavailability	(RV)	

Copper	

Cupric	sulfate	 25	 100	
Copper	EDTA	 variable	 95	
Copper	lysine	 variable	 100	
Cupric	chloride	(tribasic)	 58	 115	
Cupric	oxide	 75	 15	
Cupric	sulfide	 66	 25	
Cuprous	acetate	 51	 100	

Manganese	

Manganese	sulfate	 30	 100	
Manganese	carbonate	 46	 30	
Manganese	dioxide	 63	 35	
Manganese	methionine	 variable	 125	
Manganese	monoxide	 60	 60	

Selenium	

Sodium	selenite	 45	 100	
Cobalt	selenite	 variable	 105	
Selenomethionine	 variable	 245	
Selenoyeast	 variable	 290	

Zinc	
Zinc	sulfate	 36	 100	
Zinc	carbonate	 56	 60	
Zinc	oxide	 72	 100	
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     Brace Yourself 
     We’re gonna do some math

Interpre6ng	a	tag		

• Copper	needs	of	a	1300	pound	cow	eaSng	2.5%	of	BW	
•  589	kg	cow	x	0.025	=	15	kg	DMI	
• Copper	required	at	10	mg/kg	so	15*10=150	mg	Cu/day	
•  Let’s	assume	her	forage	provides	nothing		
•  She	needs	150	mg	Cu	from	a	mineral	mix	
•  4	ounce	mineral	=	0.113	kg		
•  150	mg	Cu/0.113	kg	=	1327	mg	Cu/kg	mineral	mix	
•  Look	for	a	tag	that	lists	Cu	at	1300+	ppm	
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• Monitor free-choice mineral consumption 
• Cows may ignore mineral in lush grazing 

conditions 
•  Surprisingly, cows can’t read 
• Add loose salt to alter intake 
• Move minerals away from water sources to limit 
•  Fill mineral feeders less frequently  

Manage intake 

The bottom line… 

•  Forages in IA are likely sufficient in macrominerals 
and Mn  
▫  Possibly P supplementation depending on grain, area 

•  Forages in IA may be marginally deficient in Zn, 
and Cu  

•  Forage Se content varies based on region 
•  Forages in IA may be high in Fe (soil 

contamination?) which antagonizes Cu and Mn 
• Consider water quality (Fe, sulfate)  

The bottom line… 
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Mineral Supplementation 

•  Forage trace minerals rule: assume 50% 
bioavailability  

•  Producers should provide a free choice mineral 
to cows that includes highly available sources of 
Cu, Zn, Se, and maybe Mn. (P level may be 
determined based on if cows are getting a 
supplement, and P in forages) 

• General rule: sulfates>carbonates=oxides 

Keep in mind… 

Are you following me? 
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slhansen@iastate.edu 
1-515-294-7326 


