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Diets for beef cattle are formulated to contain specific 
amounts of energy (TDN), crude protein, calcium, and phos
phorus. Salt, trace minerals, vitamins, and feed additives such 
as ionophores or antibiotics may be included. 

Because most cattle diets require mineral supplementation, 
an understanding of the mineral requirements of beef cattle is 
important. Minerals should be supplemented on the basis of 
need, not in predetermined amounts. 

Minerals can be divided into two groups, macro or major 
minerals and micro or trace minerals. Calcium, phosphorus, 
magnesium, potassium, sulfur, chlorine, and sodium are con
sidered macro minerals because cattle require relatively large 
amounts (grams) of these elements. Iron, copper, cobalt, sele-

Table 1. Calcium and phosphorus requirements of beef cattle 
Dry matter DaDy Calcium, Phosphorus, 

Type of cattle intake, lb gain, lb grams grams 

Growing and finishing calves and yearlinp* 
400 lb 10.6' 1.8 26 13 

9.3• 2.4 35 16 
600 lb 14.6' 2.0 28 16 

ll~ ll TI ~ 
800 lb 18.2' 2.0 26 16 

-n~ u n ~ 
1000 lb 21.7' 2.2 26 19 

20~ ll ~ 20 

Pregnant yearling heifers-last 3-4 months of pregnancy 
800 lb 15.2 1.0 20 15 

19.7 1.3 24 16 
900 lb 16.S 1.0 23 17 

21.4 1.3 26 18 

Dry, pregnant mature cows-middle third of pregnancy 
1000 lb 14.8 15 15 
1100 lb 15.9 17 17 
1200 lb 17.0 18 18 

Dry, pregnant mature cows-last third of pregnancy 
1000 lb 16.5 23 18 
1100 lb 17.9 25 20 
1200 lb 19.0 26 21 

Cows nursing calves-average milking ability'-up to 3 months postpartum 
1000 lb 20.S 26 21 
1100 lb 21.6 28 22 
1200 lb 23.1 29 24 

Cows nursing calves-superior milking ability'-up to 3 months postpartum 
1000 lb 24.9 39 26 
1100 lb 26.0 40 28 
1200 lb 27.3 42 ~ 

Mature bulls 
1800 to 2200 lb 28.5 

Adapted from NRC (1984) 
'70% TDN diet. 
'85% TDN diet. 

'11 lb of milk/day. 
'22 lb of milk/day. 

27 27 

Dry matter intakes listed for growing and ftnishing calves and yearling are for medium 
frame steer calves fed either 70 or 85% TDN diets. Dry matter intakes listed for heifers, 
cows and bulls are the amounts of a 55% TDN diet required to meet their TDN 
requirements. Diets higher in TDN will require limit feeding. 

*Requirements listed are for medium-frame steer calves, large-frame heifers or compen
sating medium-frame yearling heifers. For large-frame calves, compensating yearlings, 
or bulls, add 5% to each value. 

nium, zinc, manganese, and iodine are considered micro min
erals because cattle require relatively small amounts (milli
grams) of these elements. 

Grouping the minerals in this manner does not imply rela
tive importance; rather the grouping refers only to the quan
tity of these elements required by cattle. When formulating a 
diet it is important to check the levels of all minerals to be 
sure requirements are satisfied. Proper mineral supplementa
tion is necessary for efficient use of feed and normal animal 
growth and development. 

MINERAL REQUIREMENTS 
Mineral requirements for beef cattle have been updated by 

the National Research Council (1984). Estimated require
ments for calcium and phosphorus are listed in table 1. Note 
that some values are substantially different than 1976 require
ments. Estimated requirements for other minerals are listed in 
table 2. Requirements for calcium and phosphorus are listed 
as amount (grams) required per day for cattle of various 
body weights at various levels of production. Calcium and 
phosphorus requirements are well established and have been 
determined for cattle in various physiological states (mainte
nance, growth, gestation, lactation). 

Requirements for other minerals are not as well established, 
primarily because the dietary requirement of an individual 
mineral is influenced greatly by amounts of other minerals in 
the diet. Thus, establishing a precise requirement is difficult 
because of the large variation in mineral contents of feeds. 

Requirements for minerals other than calcium and phos
phorus are listed as a percentage of the ration or as parts per 
million (ppm) of the diet dry matter. The amount of each 
mineral that would be consumed by cattle eating normal 
amounts of feed is also given. These amounts should be con
sidered minimum requirements. If feed intake is less than that 
listed in table 1, the percentage of each mineral in the diet 
would have to be increased to ensure that adequate amounts 
of each mineral are consumed. 

Table 2. Mineral requirements of beef cattle 
Amount[da!, g or mg 

Percentage or 8001b 1000 lb, dry Breeding bulls 
ppm of diet finishing pregnant and 

Mineral dry matter calf cow lactating cows 

Potassium .65% 
Chlorine• 

45.55 g 45-50 g 75-85 g 

Sodium .08% 6-llg 5-6 g 8-10 g 
Sulfur .10% 7-10 g 3-5g 5-7 g 
Magnesium .10% 7-10 g 6-10 g 10-15 g 
Zinc 30ppm 200-300 mg 150-250 mg ~mg 
Iron 50ppm 350-400 mg ~350mg 500-600 mg 
Copper 8ppm 60-80 mg 50-70 mg 80-120 mg 
Iodine 5ppm 3-4 mg 3-4mg 4-limg 
Cobalt .1 ppm 1-2 mg 1-2 mg 2-3mg 
Selenium .2ppm 1-2mg 1-2mg 2-4mg 

*NOT LISTED 



Calcium and Phosphorus 
Calcium and phosphorus are required for proper ~one and 

teeth formation. Bone contains 99 percent of the calcmm and 
80 percent of the phosphorus stored in the body. Pr~per. 
bone formation requires calcium, phosphorus, and v1tamm 
D. Vitamin Dis needed for calcium absorption and regula-
tion of calcium and phosphorus levels in the blood. . . 

A symptom of either a calcium or phosphorus de~c1ency 1s 
abnormal bone development, commonly known as nckets. 
The first sign of a phosphorus defi_c~ency is reduced_ feed 
intake and development of a condition known as pica or 
depraved appetite. Cattle ?eficient in phospho~s chew on 
various objects and eat soil. The most obvious sign of a cal
cium deficiency is rickets. 

A deficiency of vitamin D may also cause rickets. Cattle 
exposed to normal amounts of sunlight synthesiz~ ad~quate 
amounts of vitamin D. However, supplemental VItamm D 
should be fed to cattle kept in confinement for extended peri
ods of time. 

Calcium and phosphorus have functions other than bone 
formation. Calcium aids blood clotting and muscle and nerve 
function. Phosphorus is used in energy metabolism as a com
ponent of ATP, an important l!letabolic ~ompound. :1'hos-
phorus is also involved in protem synthesis ~d genetic . 
replication as a componet of RNA and DNA, important genetic 
molecules vital to functions of all living cells. 

Diets should contain more calcium than phosphorus. The 
incidence of urinary calculi is greatly increased when steers 
are fed more phosphorus than calcium. Calcium ~bsorption 
will be inhibited by excess phosphorus, and a calcmm defi
ciency may result. 

Virtually all diets require supplementation with either cal
cium or phosphorus. Forages contain considerable amounts 
of calcium, but are frequently low in phosphorus. Cereal 
grains contain considerable amounts of phosphorus but lit
tle calcium. Calcium and phosphorus contents of common 
feeds are listed in table 3. Data in table 3 should be used only 
as a guideline. Calcium and phosphorus contents of feeds 
may vary. 

To balance a diet for calcium and phosphorus, first esti
mate dry matter intake. This is a function of bodyweight, 
age, sex, frame size, and energy density of the diet. Table 1 
lists estimates of dry matter intake for medium frame steers 
and large frame heifers fed diets containing either 70- or 85 
percent TON. Diets fed to growing or backgrounding cattle 

Table 3. Mineral content of common feeds 

Grams/lb dry matter 

Calcium Phosphorus Potas.sium 

CEREAL GRAINS 
Barley .22 1.7 2.1 
Com .14 1.3 1.7 
Oats .32 1.7 2.0 
Sorghum .18 1.5 1.8 

PROTEIN SUPPLEMENTS 
Blood meal 1.45 1.2 .45 
Meat and bonemeal 50.2 24.8 6.5 
Soybean meal 1.5 3.2 9.9 
Sunflower meal 2.0 4.4 5.2 

DRY FORAGES 
Alfalfa hay, 1/10 bloom 6.4 1.0 11.4 
Bromegrass hay 1.3 1.0 103 
Com stalks 2.6 .45 6.6 
Oat hay 1.1 1.0 6.8 
Red clover hay 6.9 1.1 73 

SILAGES 
Alfalfa, haylage 6.0 1.4 10.4 
Com silage 1.0 1.0 4.4 
Oat silage 1.5 1.1 12.4 

Adapted from the United States-Canadian Table of Feed Composition (1982) 
• Value not reported 

Sulfur 

.77 

.54 
1.0 
.68 

1.7 
1.2 
2.1 

a 

1.3 
.86 
.77 

1.1 
.77 

1.6 
.68 

1.3 

generally contain about 7~ percent TON; diets fe~ to finish-
ing cattle frequently contam 85 percent TON. ··· 

Increase the estimate of dry matter intake by 10 percent for 
large frame steer calves and medium frame )'.earling steers: 
Decrease the estimate by 10 percent for medmm frame heifer 
calves. Amounts of a 55 percent TON diet required to meet 
TON requirements of cows in various sta~es of pro~1;1ction 
are also listed in table 1. If cows are fed diets contammg 
more than 55 percent TON, limit feeding may be required to 
prevent them from becoming over-condition~d. 

After estimating dry matter intake, determme the at~ount 
of forage and grain that will be consumed per head _daily. For 
simplicity, assume that one pound of supplement~ be fed 
per head daily. Subtract this amount from.the estimate_ of dry 
matter intake and calculate forage and gram consumption. 
Then calculate the amount of calcium and phosphorus sup
plied by the forage and grain using data from table 3 or from 
a laboratory analysis. Subtract this amount from the amount 
required by the animal to determine how much of each min
eral must be supplied in the daily amount of supplement. 

After the amount of calcium or phosphorus required in the 
supplement has been calculated, formulate the mineral sup
plement. The compositions <?f commo~ mineral sources ~e 
shown in table 4. To determme the daily amount of a mmeral 
source required per head, divide the amount (g or mg) of 
mineral that must be supplemented to the diet by the amount 
of the mineral (g or mg) present in one pound of the mineral 
source. 

For example, if 20 grams of calcium were required to sup
plement a diet 20/ 153 or .13 pounds of limestone would !1eed 
to be contained in the daily amount of supplement, proVIded 
that limestone was the only source of calcium in the supple
ment. To determine the percent limestone required in a sup
plement, solve the following equation: 

% mineral source amount of mineral source ra;uired/ day x 100 
in the supplement = amount of supplement fed/ y 

For example, if .13 pounds of limestone are required daily 
and the supplement is formulated to be fed at the r~te of one 
pound per head daily, the supplement should contam (.13/ 1) 
x 100 or 13 percent limestone. The amount of limestone 
required in a ton ofthis supplement would be 200 x .13, or 
260 pounds. When selecting mineral sources from table 4, 
choose those that supply the required mineral for the least 
cost. 

ppm (dry matter) 

Magnesium Cobalt Copper Selenium Zinc 

.68 .10 9 .22 19 

.64 .05 4 .08 14 

.64 .06 7 .26 41 

.81 .18 11 .so 19 

1.1 .10 11 .80 5 
4.9 .19 2 .28 96 

1.4 .10 25 .34 48 
3.5 4 

1.5 .16 11 .54 25 

.82 .09 10 .52 29 

1.8 5 
1.2 .07 15 .17 39 

1.9 .16 11 17 

1.7 9 
.86 .06 10 21 

1.4 .06 6 35 



Table 4. Composition of common mineral sources* 

Source 

Bonemeal, steamed 
Calcium sulfate (gypsum) 
Dicalcium phosphate 
Limestone 
Magnesium oxide 
Monosodium phosphate 
Potas.iium chloride 
Rock phosphate 

(defluorinated) 
Sodium tripolyphosphate 

Calcium Phosphorus Magnesium Potassium Sulfur 

- - - - - grams/lb dry matter - - - - -

118 64 3 
95 12 75 

100 88 5 
153 

255 
102 

145 82 
112 

227 

* Values shown are for levels in common supplements. Levels will vary; check feed tag.s 
before formulating a supplement. 

Sodium and Chlorine 
Sodium and chlorine should be added to all cattle diets 

Sodium and chlorine normally are provided in the form of 
salt. The sodium and chlorine requirement of cattle will be 
satisfied by feedin~ salt at .2 to .3 percent of the diet dry mat
ter. How~ver, salt improves the palatability of the diet and 
therefore ts usually added at .4 to .5 percent of the diet dry 
matter. 

Cattle can tolerate higher levels of salt, but feeding salt in 
excess of .5 percent of the diet dry matter will not improve 
performance. Salt accumulates in the manure and may cause 
excessive salt buildup in certain soils to which large amounts 
of manure_ ar~ applied. If salt buildup in the soil is a potential 
problem, limtt salt to .2 to .3 percent of the diet dry matter. 

Cattle can satisfy their sodium and chlorine requirements if 
offered salt free choice. Salt should always be available to 
cattle-free choice for pasture cattle or as a part of the sup
ple1!1-ent for feedlot cattle. Salt can also be supplied free 
ch01ce to feedlot cattle. However, because salt improves the pal
atability of the diet, it is generally included in the supplement 
and mixed with the diet. To determine the amount of salt 
required in a supplement, solve the following equation: 

% salt in supplement = estimated feed intake X .4 
. lbs. of supplement to be fed 

For example, if one pound of supplement was to be fed to 
cattle _consuming 20 pounds of feed, the supplement would 
contam 
(20 x .4)/ I or 8% salt. 

Salt may also be used as a carrier for other minerals when 
they must be offered free choice to grazing cattle. Because 
many (orages lack sufficient phosphorus, a free choice min
eral lll!xtu~e of 60 percent trace mineralized salt and 40 per
cent dtcalcmm phosphorus or bonemeal should be available 
to cattle grazing pasture. If offered salt free choice, cattle will 
consume 1.5 to 3 pounds of salt per month or .05 to .I 
pounds per day. At this rate of salt consumption cattle would 
consume 3 to 6 grams of phosphorus daily if offered a 60 
percent salt and 40 percent dicalcium phosphate mineral mix
t~re free choice. This amount of phosphorus should be suffi
cient to meet requirements of cattle grazing most grass 
pastures. 

Salt has also been used to limit intake of grain or protein 
s~pplements offered free choice to grazing cattle. Large quan
tities of salt can be consumed by cattle under these conditions 
without adverse effects on performance. However, cattle 
must have unrestricted access to water since excess salt is 
excreted in the urine. If water is restricted, salt poisoning may 
occur. 

Salt may be fed free choice in either loose or block form. 
Cattl~ will consume more loose salt, but they will consume 
sufficient am~unts from either source to meet their require
m~nts for sodmm and chlorine. If loose salt or a salt-mineral 
mtxture is fed, protect the mineral from the weather. 

Potassium 
Potassium is involved in acid-base balance and transfer of 

nutrients across cell membranes. Potassium is also involved 
~n prote~n synthesis and normal heart and muscle function. It 
ts the third most abundant mineral in the body. Forages are 
g_ood sources of potassium, but cereal grains are low in potas
st~m. Cattle fe? all grain or high grain (90 to 95 percent) 
~•ets ~ay reqwre supplemental potassium especially if com 
silage ts the forage source. Adequate potassium intake seems 
to be_ especially important for highly stressed feeder cattle. If 
fee~ mtake of newly received cattle is low, potassium concen
tration of the f~d should be. increased. Potassium usually is 
added to beef diets as potassmm chloride. 

Magnesium 
Magnesium is required for normal bone development and 

normal function of several enzyme systems involved with 
energy and nucleic acid metabolism. Most feeds contain suffi
cient amounts of magnesium to meet requirements of beef 
cattle. However, absorption of magnesium from the intestine 
is inhibited by high levels of potassium and protein. 

Magnesium deficiencies can occur even though magnesium 
levels ~e adequate in the feed. A condition known as grass 
t~tany 1s the most common example. Grass tetany is most 
likely to occur when cattle graze lush pasture early in the 
spring. Lush forage usually contains adequate amounts of 
magnesium, but it also contains high levels of potassium and 
protein, which interfere with magnesium absorption. Cattle 
with grass tetany will be unusually nervous, stagger when 
they walk, and may go into convulsions. Death may result if 
the cattle are not treated. Cows grazing lush pasture during 
the first two months of lactation are most susceptible. How
ever, calves and yearlings grazing wheat pasture and other 
lush pasture may also be affected. 

Magnesium oxide usually is included in the mineral sup
plement of cattle grazing lush pasture. However, supplemen
tal magnesium will be effective only if cattle consume ade
quate amounts daily. This may require hand feeding the 
supplement using grain as a carrier, especially in areas where 
grass tetany is a major problem. 

Sulfur 
Sulfur is required by rumen bacteria to synthesize sulfur 

containing amino acids. These amino acids are components 
of microbial protein. If sulfur is lacking, microbial protein 
synthesis is inhibited and utilization of non-protein nitrogen 
(NPN) will be poor. Most feeds contain adequate amounts of 
sulfur. However, when non-protein nitrogen sources such as 
urea are used in the diet, sulfur should be added to the 
supplement. 

When non-protein nitrogen is used as a source of supple
mental crude protein, formulate the supplement to provide 
two grams of sulfur per head daily. Two grams of sulfur can 
be supplied by feeding 12 grams of gypsum (calcium sulfate) 
per head daily. If the supplement is fed at the rate of one 
pound per day, 53 pounds of gypsum would be required in a 
ton of supplement. When plant protein sources such as soy
bean meal are used in the supplement, sulfur supplementa
tion is not necessary because plant protein sources contain 
sufficient amounts of sulfur. Urea can be used to supply all 
the supplemental nitrogen in com silage or high com grain 
diets if supplemental sulfur is provided. 

Iodine 
Iodine is required to produce thyroxine, a hormone that 

regulates metabolic rate. Thyroxine is produced by the thy
roid gland, the major storage site of iodine in the body. An 
iodine deficiency results in an enlargement of the thyroid 
gland, a condition known as goiter. Goiter is most prevalent 



in young animals born to iodine-deficient mothers; however, 
mature animals also may be affected. Soils in the Great 
Lakes states (Minnesota, North and South Dakota, Wiscon
sin, and Michigan) are likely to be deficient in iodine, and 
cattle in these areas should receive supplemental iodine. 
Iodine usually is supplied as iodized salt. Most trace mineral
ized salts contain iodine. 

Cobalt 
Cobalt is a component of the vitamin B12 molecule. 

Rumen bacteria can synthesize the vitamin if adequate 
amounts of cobalt are present in the diet. Non-ruminants 
(swine, poultry) cannot synthesize vitamin B12 and require the 
vitamin in their diet. Vitamin B12 is required for utilization of 
propionate, a volatile fatty acid produced in large quantities 
in the rumen of cattle. Vitamin B12 is also required for hemo
globin synthesis. 

A deficiency of cobalt may result in anemia. Soils in parts 
of Minnesota are likely to be deficient in cobalt. Cobalt 
should be included in cattle diets as a part of a trace mineral 
supplement or as a component of trace mineralized salt. 

Zinc 
Zinc is required for normal function of several enzyme sys

tems in the body. Zinc is involved in protein and carbohy
drate metabolism and in development of reproductive organs. 
A zinc deficiency will drastically reduce the development of 
male reproductive organs. Soils in Minnesota are likely to be 
marginal or deficient in zinc. Zinc should be added to cattle 
diets as part of a trace mineral supplement or as a compo
nent of trace mineralized salt. 

Selenium 
Selenium is required for normal function of the enzyme 

glutathion peroxidase. This enzyme is responsible for destruc
tion of toxic peroxides formed during normal metabolism of 
lipids. If these peroxides are not destroyed, cell membranes 
are damaged. Vitamin E and selenium work together to 
maintain proper membrane function in body cells. 

Selenium requirements of cattle are not well defined. If the 
diet contains adequate amounts of vitamin E, less selenium is 
needed than when diets are deficient in vitamin E. Diets con
taining .2 ppm selenium appear adequate for cattle. Selenium 
is especially important for cows .. If cows receive inadequate 
amounts of selenium, they are more likely to have retained 
placentas and be slower to rebreed. 

Soils in some areas of Minnesota, particularly southeast 
Minnesota, may be deficient in selenium. Cattle in these 
areas, especially cows, should receive supplemental selenium. 
Supplement only to meet the requirement. Selenium can be 
toxic. Concentrations of 5 ppm have been reported as being 
toxic to cattle. When supplementing selenium, it is important 
to know how much selenium the cattle are consuming. Mix
ing errors or errors in the formulation of the mineral supple
ment may lead to toxicity. 

Iron, Manganese, Copper 
Although these minerals are required in small amounts, a 

deficiency can reduce performance. These minerals are usu
ally added to the diet as part of a trace mineral supplement 
or as a component of trace mineralized salt. The addition of 
trace mineralized salt or a trace mineral supplement to the 
diet is a good management tool to ensure against trace min
eral deficiencies. 

Methods of Supplying Minerals 
Mineral needs of cattle usually are satisfied by force

feeding minerals in a completely mixed diet or by offering 
salt-mineral mixtures free choice to cattle grazing pasture. 
Although force-feeding is most desirable, there may be 
instances when free choice mineral feeding is necessary. Table 
5 lists recommended free choice mineral mixtures for diets 
containing various amounts of cereal grains. 

Table 5. Mineral mixtures for free-choice feeding with diets 
of various cereal grain content 

Type offorage 
Alfalfa. Gnss Com 

Mineral supplement brome bay bay silage 

Diets containing up to 20 percent cereal grains* 
Trace minenlized salt . . • • . . . . . . . . . . . . • . • • . . . . . 100% 60% 70% 
Dicalcium phosphate or bone meatt . . . . . . • . . • . . . . 40% 30% 
Ground limestone ..........•.•......•.•...... 

Diets containing 21-40 percent cereal grains* 
Trace minenlized salt . . • . . . . • . . . . . . • . . . . . . . . . • 100% 50% 50% 
Dicalcium phosphate or bone meatt . . • . . • . . . . . . . . 2S% 
Ground limestone . . . . . . . . . . • • . • • . . • . . . . . . . . . . 25% 50% 

Diets containing 41-60 percent cereal grains* 
Trace minenlized salt . . . . . . . . . . . . . . . . . . • . . • . . . 100% 40% 40% 
Dicalcium phosphate or bone meatt . . . . . . . . . . . . . . 20% 
Ground limestone . . . . . . . . . . . . . . . . • . . . . . . . . . . . 40% 60% 

Diets containing 61-80 percent cereal grains* 
Trace minenlized salt . . . . . . . . . . . . . • . . . . . . . . . • • 80% 50% 20% 
Dicalcium phosphate or bone meatt ............•. 
Ground limestone . . • . . . . . . . . . . . • • . . . . . . . . . . . . 20% 50% 80% 

Diets containing 81-100 percent cereal grains* 
Trace minenlized salt . . . . . • . . . . . . . • . . . . • . . . . . . 50% 30% 20% 
Dicalcium phosphate or bone mealt ............. . 
Ground limestone . . . . . . . . . . . . . . • • . . . . . . • . . . . . 50% 70% 80% 

*Percentages are given on an "as-fed" basis. Examples: Diet composed or 15 pounds 
shelled com and 5 pounds bay contains 75 percent cereal grains. Diet composed or 30 
pounds com silage and 10 pounds shelled com contains 25 percent cereal grain. 

tDefluorinated rock phosphate may also be used to replace bone meal and dicalcium 
phosphate. 

Cattle on grass pasture should have free choice access to a 
mineral mixture containing 60 percent trace mineralized salt 
and 40 percent dicalcium phosphate. 

SUMMARY 
Mineral interrelationships complicate the precise determi

nation of mineral requirements for cattle. The mineral con
tent of all diets should be checked to be sure that mineral 
deficiencies or toxicities are avoided. 

Diets for cattle in Minnesota usually require supplementa
tion with salt, iodine, and either calcium or phosphorus or 
both. Cobalt, zinc, sulfur, magnesium, manganese, and 
potassium also may be required. Be sure at least one part cal
cium is supplied for each part phosphorus even if this 
requires feeding more calcium than required. 

Mineral supplements should be mixed with the diet when
ever possible. With the exception of salt, cattle may not con
sume proper amounts of minerals when they are offered free 
choice. If the supplement is properly balanced, feeding a free 
choice mineral mixture will only inflate feed costs. A mineral 
mixture containing 60 percent trace mineralized salt and 40 
percent dicalcium phosphate should be available free choice 
to grazing cattle. 

Mineral nutrition is an area of active research. Our knowl
edge of mineral requirements and the interrelationships 
among minerals is incomplete. As research continues, revi
sions of estimated mineral requirements of beef cattle are 
likely. 
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