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Introduction

Minerals serve a variety of structural and metabolic functions in swine and are found in all body compo-
nents, including bone, muscle, internal organs, blood, and other tissues and fluids of the body.  Some 
minerals are found in relatively large amounts while others are found in minute or trace quantities. Vita-
mins are another class of nutrients required for normal metabolic functions in the body.  Vitamins are gen-
erally required as co-factors in metabolic reactions. Good decisions must be made concerning the mineral 
and vitamin nutrition of pigs when formulating diets, because feeding excess can be costly and dangerous 
while not providing enough of these required nutrients can result in a deficiency and reduced productivity.

Objectives

•	 Explain	the	trace	minerals	and	vitamins	pigs	require
•	 Describe	common	sources	of	trace	minerals	and	vitamins
•	 List	recommended	amounts	of	trace	minerals	and	vitamins	to	add	to	swine	diets
•	 Describe	good	handling	and	mixing	practices	for	trace	minerals	and	vitamins

Minerals required

Ten mineral elements are regularly added to swine diets because the natural ingredients commonly used 
in swine diets (cereal grain, soybean meal, etc.) are deficient or the minerals are not available to the 
pig.  These minerals can be divided into two groups, macro- and micro or trace-minerals, based on the 
amounts added to the diet.  The requirements for, and dietary concentrations of the macro-minerals are 
generally expressed as a percentage of the diet, whereas the micro or trace minerals are expressed as 
parts per million (ppm or mg/kg) or milligrams (mg) per pound of diet.  Sodium and chloride (salt) and 
trace minerals are discussed in this publication; macro-minerals (calcium and phosphorus) are presented 
in PIG Factsheet #07-07-02 (Macro-Minerals for Swine Diets).

Sodium and chloride.  These two elements assist in maintaining the osmotic pressure of body fluids and 
acid/base balance.  Sodium is also involved in nerve function, and chloride is essential for hydrochloric 
acid production in the stomach.  A deficiency of sodium and chloride depresses appetite and impairs 
growth.  Grains and plant protein supplements are low in sodium and chloride, so these minerals must be 
added to the diet.  They are generally added as common salt, which is 40% sodium and 60% chloride [1, 2].  

High levels of salt can be tolerated if adequate drinking water is available.  If water is restricted, as little as 
2.0% dietary salt can produce toxicity (salt poisoning), characterized by nervousness, weakness, stagger-
ing, epileptic seizures, and death [1, 2].

Iron.  Iron is required for the synthesis of hemoglobin that transports oxygen in red blood cells, myoglobin 
in muscle tissue, and iron-containing enzymes.  The baby pig is born with a high concentration of iron in 
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the liver. However, with the low iron in sow’s milk and the rapid growth of the young pig, liver iron is not 
adequate to meet the requirement of the pig. Because the baby pig’s diet consists solely of dam’s milk, 
iron-deficiency anemia can be a problem in young pigs if an intramuscular injection of 100 to 200 mg of 
iron from iron dextran, for example, is not given between one to three days of age.  Feeding extra iron to 
the sow will not raise the iron content of milk because passage of iron into the mammary gland is limited. 
Ingestion of small quantities of fecal material by nursing pigs helps to meet their iron requirement, but will 
not avoid the need for iron supplementation/administration [2, 3].

Corn and grain sorghum are low in iron, therefore, iron needs to be supplemented to the diet of all classi-
fications of swine. Inorganic phosphate supplements such as mono- or dicalcium phosphate and defluori-
nated rock phosphate that are added to pig diets as a Ca and P source are relatively high in iron.  However, 
the usefulness or bioavailability of this source of iron to pigs is very low. Additionally, for nursery pig 
diets, high dietary concentrations of copper and/or zinc are often included as growth promotants, which 
can interfere with iron absorption further emphasizing the need for iron supplementation in these rapidly 
growing pigs [2, 3].  

Signs of iron deficiency include pale mucous membranes and skin color in white-skinned pigs, enlarged 
heart, spasmodic breathing after exercise (thumps), low hemoglobin, and decreased resistance to certain 
bacterial infections.  Excess iron can be toxic, producing incoordination, nervousness, and convulsions [2, 
3]. 

Zinc.  Zinc is important for the proper function of many enzymes and is essential for normal skin develop-
ment and maintenance and reproduction.  Zinc deficiency results in rough, scaly and cracked skin called 
parakeratosis, loss of appetite, poor growth, and impaired sexual development.  The concentration of this 
element is low in grains and plant proteins, but is higher in animal products such as meat and bone meal.  
Much of the zinc in cereal grains and oilseed meals can not be utilized by the pig, because it is associated 
with phytic acid which binds zinc making it poorly available [2, 3].  

High concentrations of zinc (2,000 to 3,000 ppm zinc) as zinc oxide stimulate growth rate and feed intake 
in nursery pigs and in some instances reduces the incidence of diarrhea.  There is limited data to suggest 
that under some circumstances other forms of zinc may be useful in growth promotion, but no good con-
sistent growth response has been observed except for zinc oxide. The mechanism of how zinc oxide works 
to stimulate growth rate is unknown [2, 3].

Zinc toxicity can result from feeding high concentrations of zinc for an extended period of time.  Symp-
toms include growth depression, inflammation of the gastrointestinal tract, joint and bone problems and 
hemorrhages.  A greater proportion of zinc is absorbed from some forms of zinc than others making toxic-
ity possible when pharmacological concentrations are fed for long periods of time.  The form, amount in 
the diet and amount of dietary copper and iron influence the potential toxicity.  Research has shown that 
pharmacological feeding of zinc oxide for 10 to 14 days after weaning will enhance growth rate and stimu-
late feed intake, and does not result in excess fecal zinc or toxicity.  However, pharmacological zinc should 
not be continued during the growing/finishing phase, because long term pharmacological zinc reduces 
copper availability to the pig [2, 3]. 

Iodine.  Iodine is a vital component of thyroid hormones and therefore, it affects the pig’s metabolic rate.  
Weakness, hairlessness, thick pulpy skin, goiter, and death prior to and at birth have been observed in pigs 
born to iodine-deficient sows.  Much of the previously glaciated and sandy areas of the United States are 
iodine deficient because this element has been leached from the soil.  Consequently, feeds grown on these 
soils are deficient in iodine.  In addition, certain feedstuffs contain goitrogens that increase the iodine 
requirement.  Meat and bone meal iodine content is variable and should not be relied upon as a source of 
iodine; however, fish meal generally is good iodine source, but because fish meal intake is limited during 
many phases of production, iodine should be added to the diet [2, 3].  

Selenium.  Selenium is a component of many enzymes that protect cell contents and membranes against 
oxidative damage.  It is also a component of other body selenoproteins, and thus is critical in all produc-
tion phases.  Many soils in the United States are deficient in this element while other areas have high 
selenium content.  As a consequence, selenium concentration in feedstuffs produced in many regions may 
be deficient or adequate for swine. Selenium supplementation is essential where soils are deficient [2, 4].
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The need for supplemental selenium is indirectly related to vitamin E intake, but there is a dietary require-
ment for both nutrients.  With decreased access to soil, pastures, and forages in swine diets (good sources 
of vitamin E), and the artificial drying of high-moisture grains (which destroys some of the vitamin E), se-
lenium and vitamin E have become important dietary supplements.  The amount of selenium that may be 
added to swine diets is regulated by the Food and Drug Administration (FDA), and it is limited to 0.3 ppm 
of the diet [2, 4].  

Signs of selenium deficiency include sudden death (particularly in fast-growing weaned pigs), unusually 
pale muscle and dystrophy of muscle (white muscle disease), liver necrosis, mulberry heart, impaired 
reproduction, and edema of the mesentery of the spiral colon, lungs, pericardial sac, and gastrointestinal 
tissues [2, 4].

Selenium toxicity has been produced by 5 ppm to 8 ppm of selenium in the diet (20 to 30 times the re-
quired level).  Toxicity is characterized by reduced feed intake, depressed growth, loss of hair, stiffness and 
pain upon movement, separation of the hooves at the coronary band, erosion of the joints, atrophy of the 
heart, cirrhosis of the liver, anemia, and impaired embryo development [2, 4].

Copper.  Copper is required for the function of several enzymes.  Also, it enhances iron absorption from 
the intestinal tract and iron mobilization from stores in the liver.  Most feed ingredients probably supply 
sufficient copper; however, since information on copper requirements is limited, some supplemental cop-
per (1:10 ratio with iron) is recommended.  The most common signs of copper deficiency include reduced 
growth, nervous disorders, incoordination, defective bone formation, heart enlargement, and small, 
hemoglobin-deficient red blood cells [2, 3].

Feeding levels of copper that are considerably higher than the nutritional requirement (i.e., 125 ppm to 250 
ppm of copper) will stimulate growth and feed intake in pigs.  This response is considered an antibiotic-like 
or pharmacological effect; copper sulfate and tribasic copper chloride are the only forms that have been 
demonstrated in research to improve growth when fed at 125 to 250 ppm. The stage at which high dietary 
copper is most effective in stimulating growth is in weaning pigs and the response is additional to that 
achieved by feeding antibiotics [2, 3].

Copper toxicity has been produced by feeding high concentrations (greater than 250 ppm) of copper 
throughout the nursery and/or growing-finishing periods especially when the diet contains low concentra-
tions of zinc and iron.  Extra zinc and iron may help to prevent the effects of excess copper.  Signs of toxic-
ity include impaired growth, anemia, jaundice, and eventual death [2, 3].

Manganese.  Manganese is necessary for the proper function of a number of enzymes, some of which in-
fluence energy metabolism, bone development, and reproduction.  Signs of manganese deficiency include 
impaired growth, lameness, enlarged hocks, crooked and shortened legs, irregular estrus, poor mammary 
development and lactational performance, and the birth of small, weak pigs with an impaired sense of bal-
ance.  Manganese in grains may not be available to the pig so it is usually supplemented in diets [2, 3].

Chromium.  Chromium appears to be involved with carbohydrate, fat, and protein metabolism and per-
haps insulin metabolism when adequate endogenous chromium is not present in the diet.  A dietary 
requirement for chromium has not been established for the pig, and the bioavailability of chromium in 
grains is unknown. Some research indicates that chromium may improve carcass leanness and reproduc-
tive performance, but the mechanism and needs are not clear [2, 3].

Cobalt.  This mineral functions only as a component of vitamin B12.  Unlike ruminants, pigs are unable to 
synthesize vitamin B12 efficiently, so there is no dietary requirement for cobalt, but vitamin B12 must be 
supplemented [2, 3].
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Mineral sources

Sodium and chloride needs are commonly met by adding salt (sodium chloride) to the diet. Sources of 
trace minerals are shown in Table 1. In addition, the usefulness or relative bioavailability of minerals from 
several sources is listed in the table to assist in more precise diet formulation. Decisions on which source 
of trace mineral to use should be based primarily on price per unit of available element. 

Table 1. Mineral concentrations in micro or trace mineral sources for swineab

Mineral element Source Concentration of element, % Relative bioavailability, %c 

Chromium Tripicolinate Variable 100

Propionate Variable 13

Methionine Variable 51

Yeast Variable 23

Copper Sulfate (pentahydrate) 25.2  100

Amino acid chelate Variable 122

Amino acid complex Variable ---

Acetate 32.1 ---

Carbonate 50 to 55 60 to 100

Chloride, tribasic 58 100

Lysine Variable 94 to 124

Oxide 75.0 0 to 10

Polysaccharide complex Variable ---

Proteinate Variable 105 to 111

Iodine Ethylenediamine dihydroiodiode 
(EDDI)

79.5 100

Calcium iodate 63.5 100

Potassium iodide 68.8 100

Potassium iodate 59.3 ---

Copper iodide 66.6 100

Iron Sulfate (monohydrate) 30 100

Amino acid chelate Variable ---

Amino acid complex Variable ---

Chloride 20.7 40 to 100

Carbonate 38 15 to 80

Methionine Variable ---

Polysaccharide complex Variable ---

Proteinate Variable ---

Sulfate (heptahydrate) 20 100

Manganese Sulfate (monohydrate) 29.5 100

Amino acid chelate Variable ---

Amino acid complex Variable ---

Carbonate 46.4 30 to 100

Chloride 27.5 100

Dioxide 63.1 35 to 95

Methionine Variable 120 to 125

Oxide 60 70

Polysaccharide complex Variable ---

Proteinate Variable 110
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Vitamins required

Eleven vitamins are regularly added to swine diets because the natural ingredients commonly used in 
swine diets (cereal grain, soybean meal, etc.) are deficient.  These vitamins can be divided into two groups, 
fat soluble (vitamins A, D, E and K) and water soluble (riboflavin, niacin, pantothenic acid, choline, biotin, 
vitamin B12, and folic acid).  Several other vitamins function in the pig’s body including pyridoxine (B6), 
thiamine, and vitamin C (ascorbic acid).  Evidence is limited that pigs fed practical diets will benefit from 
the addition of these vitamins to the diet.

Vitamin A.  The vitamin A needs of swine can be met by either vitamin A or B-carotene.  Vitamin A does 
not occur in plant products, but the plant pigment, B-carotene, can be converted to vitamin A in the intes-
tine of the pig.  Good, natural sources of B-carotene include green pastures and green, leafy alfalfa hay or 
meal.  Yellow corn contains B-carotene but is not a dependable source because much may be destroyed 
during storage.  Therefore, when formulating diets, the B-carotene concentration of corn is disregarded.  
Other cereal grains are low or devoid of B-carotene and vitamin A [2, 5].

Deficiency symptoms in growing pigs are incoordinated movement, weakness of the back, paralysis, night 
blindness and total blindness.  Sows may fail to come into estrus, have poor conception rates, resorb their 
fetuses, and have weak or dead pigs at birth with various deformities.  Sterility may occur in boars [2, 5]. 

Vitamin D.  Swine that have daily access to adequate sunlight produce their own vitamin D.  However, 
fortification of diets with vitamin D is necessary when pigs are fed inside.  Most feedstuffs are practically 
devoid of vitamin D [2, 6].  

Vitamin D is needed for the efficient absorption and metabolism of calcium and phosphorus and therefore 
is required for normal calcification of bones.  A deficiency in young pigs results in rickets, stiffness and 
lameness, enlargement of the joints and general unthriftiness.  In mature and market animals, bone frac-
tures are common if vitamin D is deficient.  Excessive amounts of vitamin D in the feed or as an injectable 
are harmful due to deposits of calcium in soft tissues. Excessive intake can occur if diets are not properly 
formulated and mixed [2, 6].

Table 1. Mineral concentrations in micro or trace mineral sources for swineab (continued)
Mineral element Source Concentration of element, % Relative bioavailability, %c 

Selenium Sodium selenite 45 100

Proteinate (methionine) Variable 102 

Sodium selenate 21.4 100

Yeast Variable 108 

Zinc Sulfate (monohydrate) 35.5 100

Amino acid chelate Variable ---

Amino acid complex Variable ---

Carbonate 56 100

Chloride 48 100

Methionine Variable 95 to 100

Polysaccharide complex Variable ---

Oxide 72 50 to 80

Proteinate Variable 100

Sulfate (heptahydrate) 22.3 100

Tetrabasic chloride 58 ---
aMost common sources are in bold-italic; dashes indicate no data were available
b [2, 8-12]
cIn research a frequently used mineral source is often assumed to be 100% bioavailable and other forms are compared based on 
amount that accumulates in body tissues. The mineral source listed first within each category was generally the standard with 
which the other sources were compared to determine relative bioavailability.
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Vitamin E.  A decline in the use of pasture for pigs and an increase in artificial drying of grains have re-
sulted in the reduction of vitamin E intake and an increase in occurrence of deficiency symptoms.  Grains 
low in selenium increase the need for vitamin E as the dietary concentration of these nutrients affects the 
metabolic needs of the other [2, 4]. 

Vitamin E functions as an antioxidant in intracellular membranes.  Deficiency signs in growing pigs are 
indistinguishable from those of selenium deficiency including; sudden death, mulberry heart, jaundice, 
edema, white muscles and liver necrosis.  Pigs nursing sows deficient in vitamin E may experience mus-
cular incoordination and sudden death. Vitamin E is primarily transferred to newborn pigs via colostrum 
[2, 4].

Vitamin K.  Although Vitamin K occurs in many natural feedstuffs and is synthesized by intestinal microflo-
ra of the pig, a deficiency in practical diets can occur.  The deficiency is frequently associated with moldy 
feeds.  Its characteristics are hemorrhaging (both internal and external), prolonged blood-clotting time, 
and also may include blood-tinged urine, lameness and listlessness.  Pigs fed pharmacological concentra-
tions of antibiotics make little to no vitamin K because the antibiotics kill off the intestinal microflora [2, 6].

Riboflavin.  Cereal grains and plant by-products such as soybean meal are relatively poor sources of this 
B vitamin.  It functions in the body as a constituent of several enzyme systems.  Therefore, a deficiency of 
riboflavin results in a wide variety of symptoms.  In growing pigs, a deficiency may cause loss of appetite, 
stiffness, dermatitis and lowered growth rate.  Poor conception and reproduction have been noted in sows 
fed riboflavin-deficient diets.  Pigs may be born prematurely, dead or too weak to survive [2, 7].

Niacin.  Although niacin is present in adequate amounts in cereal grains, it exists in a bound form that is 
largely unavailable to the pig.  The protein source and content of the diet also can affect the dietary need 
for niacin because the amino acid tryptophan, if in excess, can be converted into niacin.  This can develop 
into tryptophan deficiency in a diet low in both niacin and tryptophan.  Slow growth, diarrhea, dermatitis, 
loss of hair and occasional vomiting are deficiency symptoms.  Alfalfa meal and good pasture are natural 
sources of riboflavin, pantothenic acid and niacin [2, 7].

Pantothenic Acid.  Corn-soybean meal diets will be deficient in pantothenic acid, another of the B-complex 
vitamins.  A deficiency may result in lower fertility, reduced growth rate, diarrhea, and an incoordinated, 
wobbly or high-stepping gait called goosestepping.  Many of these symptoms are similar to those ob-
served from other deficiencies and indicate that, in practical feeding situations, it is difficult to determine 
which vitamin may be lacking.  In fact, in many cases, it is a combination of observable vitamin deficien-
cies [2, 7].

Choline.  Supplemental choline results in an increased litter size in gestating sows fed corn-soybean meal 
diets.  Choline deficiency also has been implicated by some as the cause of spraddle legs in newborn pigs.  
However, there is limited data to support this hypothesis. The choline requirement of growing and finish-
ing pigs is met by natural feedstuffs.  However, the need for supplemental choline is increased in diets low 
in the amino acid methionine. Choline should be part of the vitamin mixture provided in sow diets [2, 7].

Biotin.  Common feedstuffs contain enough biotin to meet the requirement of the growing pig, but the bio-
availability is poor in small grains. Biotin supplementation of corn-soybean meal based diets appears to 
improve litter size at weaning for first parity sows. While it has been promoted by some that pigs will have 
fewer cracks in their hooves, this has not been validated [2, 7].

Vitamin B12.  Cereal grains and other plant products do not contain vitamin B12 but animal products are 
good sources.  The requirement for this vitamin is approximately one-thousandth the amount of the other 
B vitamins discussed.  Signs of a deficiency include reduced growth rate and anemia.  Vitamin B12 also is 
known as cyanocobalamin. It is required with folic acid, iron, and copper to make red blood cells [2, 7].

Folic Acid (Folacin).  The pig’s requirement for folic acid for growth and maintenance is met by folic acid 
from feedstuffs and bacterial synthesis in the hind-gut.  However, folic acid supplementation in gesta-
tion and lactation diets has increased the number of pigs born alive and weaned per litter, therefore it is 
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recommended to supplement breeding herd diets with folic acid.  Weakness, poor growth and anemia are 
symptoms of folic acid deficiency.  Green, leafy plants are excellent sources of this vitamin too [2, 7].

Vitamin C (Ascorbic Acid), Thiamine, and Pyridoxine (B6).  These vitamins are required by the pig. Vitamin 
C is made by the pig. However, some research suggests that nursery pigs may benefit by its supplementa-
tion due to reduce the effect of stress at weaning.  Deficiency signs associated with these vitamins may be 
produced when diets contain an antagonist or high levels of sulfa drugs.  However, the amount of these 
vitamins present in practical diets plus that synthesized by micro (thiamine and B6) are considered to be 
sufficient to meet the requirements of the pig [2, 7]. 

Vitamin sources

Sources of vitamins are shown in Table 2. The most common sources of vitamins are shown in bold-italic. 
Consider price per unit of vitamin activity when choosing vitamin sources.

Table 2. Vitamin concentration in manufactured vitamin sources for swinea

Vitamin Concentration/method of expression Source

Vitamin A 1 IU = 0.3 μg retinol or 0.344 μg vitamin A 
acetate or 1 USP unit

Vitamin A acetate (all-trans retinyl acetate)

1 IU = 0.55 μg vitamin A palmitate Vitamin A palmitate

1 IU = 0.36 μg vitamin A propionate Vitamin A propionate

Vitamin D 1 IU = 0.025 μg cholecalciferol or 1 USP unit or 
1 ICU

Vitamin D3 (cholecalciferol)

Vitamin E 1 mg  = IU dl-α-tocopheryl acetate dl-α-tocopheryl acetate (all rac)

1 mg = 1.36 IU d-α-tocopheryl acetate d-α-tocopheryl acetate (RRR)

1 mg = 1.11 IU dl-α-tocopherol dl-α-tocopherol (all rac)

1 mg = 1.49 IU d-α-tocopherol d-α-tocopherol (RRR)

Vitamin K 1 Ansbacher unit = 20 Dam units = 0.0008 mg 
menadione

Menadione sodium bisulfite (MSB)

Menadione nicotinamide bisulfite (MNB)

Menadione dimethylpyrimidinol bisulfite 
(MPB)

Riboflavin Commonly expressed as μg or mg Crystalline riboflavin

Niacin Commonly expressed as μg or mg Niacinamide

Nicotinic acid

Pantothenic acid Commonly expressed as μg or mg d-calcium pantothenate

dl-calcium pantothenate

dl-calcium pantothenate - calcium chloride 
complex

Choline Commonly expressed as μg or mg Choline chloride

Biotin Commonly expressed as μg or mg d-biotin

Vitamin B12 1μg cyanocobalamin or 1 USP unit or 11,000 
LLD	(L.	lactis	Dorner)	units

Cyanocobalamin

Folic acid Commonly expressed as μg or mg Folic acid

Pyridoxine Commonly expressed as μg or mg Pyridoxine hydrochloride

Thiamin Commonly expressed as μg or mg Thiamin mononitrate

Thiamin hydrochloride

Vitamin C Commonly expressed as μg or mg L-ascorbic	acid

L-ascorbic	acid	phosphate

L-ascorbic acid coated with ethyl cellulose
aMost common sources are in bold-italic.
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Suggested dietary additions of salt, trace minerals and vitamins

To ensure optimum and reliable pig performance, we recom-
mend that salt and certain trace minerals and vitamins be 
routinely added to the diet. Although grains, by-products and 
protein supplements in swine diets provide trace minerals and 
vitamins that pigs require, the amount provided is not often 
sufficient or their bioavailability is questionable. Some vitamins 
are lost during storage, drying, and processing of common 
feedstuffs or may be unavailable to the pig. Some vitamins, 
however, can be synthesized within the pig’s body in suffi-
cient quantities to meet the pig’s requirement.  We believe that 
the amounts of choline, folic acid and biotin that are present 
in grains and protein supplements are sufficient for normal 
growth, but they should be supplemented in diets for breeding 
swine.

Ranges are presented for recommended additions of salt, 
trace minerals and vitamins to diets (Tables 3, 4 and 5) to offer 
feed manufactures and pork producers greater flexibility in 
preparing and utilizing products based on our recommenda-
tions. More flexibility often results in cost savings and more 
convenience. In addition, we acknowledge that there are gaps 
in knowledge of trace mineral and vitamin nutrition for pigs 
because of variation that exists due to pig genotype, management and production setting. Except for salt, 
the minimum values generally represent the total amount required in the diet according to the NRC (1998). 
Upper values represent a reference point above which further additions will not likely improve pig per-
formance. Upper values are not a safety or tolerance amount. We suggest that formulators should avoid 
the minimum and highest nutrient recommendations in Tables 3, 4, and 5 and use intermediate values as 
constraints in formulation of diets.

Specific recommendations for salt, trace mineral and vitamin additions to swine diets are shown in Table 
6. The values represent our best estimate of trace mineral and vitamin needs of pigs in practical situations. 
We started with the NRC requirement and then added a safety margin based on practical experience. No 
attempt was made to adjust the addition rate for any nutrient to allow, for example, the use of one trace 
mineral mix in diets for all production phases. Those seeking nutritional information for manufacturing 
basemixes and premixes for swine diets may consult Tables 7-10.

Recommendations for growing pigs and lactating sows are based on the assumption that pigs in these 
phases of production have ad libitum access to feed; gestating sows and breeding boars consume at least 
four pounds of feed per day. If feed intake differs, adjustment of dietary mineral and vitamin concentra-
tions may be required.  

Photo courtesy of National Pork Board
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Table 3.  Ranges for recommended dietary additions of salt, trace minerals and vitamins from concen-
trates, base mixes or premixes for nursery pigsa,b

Type of diet Phase 1 Phase 2 Phase 3 Phase 4

Body weight, lb 9 to 11 11 to 15 15 to 25 25 to 45

Assumed daily feed 
intake, lb

0.35 0.55 1.10 2.20

Assumed daily gain, 
lb

0.32 0.45 0.80 1.25

Dietary metaboliz-
able energy, Mcal/lb

1.590 1.575 1.500 1.496

Minerals

   Salt, % 0.15 to 0.40 0.15 to 0.40 0.25 to 0.40 0.30 to 0.40

   Sodium, % 0.25 to 0.45 0.20 to 0.45 0.20 to 0.45 0.15 to 0.45

   Chloride, % 0.25 to 0.45 0.20 to 0.45 0.20 to 0.45 0.15 to 0.45

   Copper, ppmc 6 to 20 6 to 20 6 to 20 5 to 20

   Iodine, ppm 0.14 to 0.35 0.14 to 0.35 0.14 to 0.35 0.14 to 0.35

   Iron, ppm 100 to 180 100 to 180 100 to 180 80 to 180

   Manganese, ppm 4 to 30 4 to 30 4 to 30 3 to 30

   Selenium, ppmd 0.30 to 0.30 0.30 to 0.30 0.30 to 0.30 0.25 to 0.30

   Zinc, ppme 100 to 180 100 to 180 100 to 180 80 to 180

Vitamins

   Vitamin A, IU/lb 1000 to 5500 1000 to 5500 1000 to 5500 800 to 5500

   Vitamin D3, IU/lb 100 to 500 100 to 500 100 to 500 90 to 500

   Vitamin E, IU/lb 7 to 35 7 to 35 7 to 35 5 to 35

   Vitamin K, mg/lbf 0.23 to 4 0.23 to 4 0.23 to 4 0.23 to 4

   Riboflavin, mg/lb 2 to 8 2 to 8 2 to 8 1 to 8

   Niacin, mg/lb 9 to 30 7 to 30 7 to 30 6 to 30

   Pantothenic acid, 
mg/lb

6 to 20 5 to 20 5 to 20 4 to 20

   Choline, mg/lbg 0 to 200 0 to 200 0 to 200 0 to 200

   Biotin, mg/lbh 0 to 0.10 0 to 0.10 0 to 0.10 0 to 0.10

   Vitamin B12, mg/lb 0.009 to 0.03 0.008 to 0.03 0.008 to 0.03 0.007 to 0.03

   Folic acid, mg/lbi 0 to 0.06 0 to 0.06 0 to 0.06 0 to 0.06 

   Vitamin B6, mg/lbj 0 to 2 0 to 2 0 to 2 0 to 2
aAll diets are full-fed under thermoneutral conditions.
bMinimum values generally represent the quantity recommended by the NRC (1998). Upper values do not represent 
safe or tolerance levels, but instead a reference point above which further additions will not likely improve perfor-
mance.
cLevels	of	125	to	250	ppm	from	copper	sulfate	or	tri-basic	copper	chloride	can	be	added	to	Phases,	1,	2,	3	and	4	for	
growth promotion.
dMaximum legal addition is 0.3 ppm.
eLevels	of	2,000	to	3,000	ppm	of	Zn	ppm	zinc	oxide	can	be	added	to	Phases,	1,	2	and	3	for	growth	promotion.
fMenadione activity.
gNRC requirement is 270, 230, 230 and 180 mg/lb in the complete diet for phases 1, 2, 3 and 4, respectively and this 
amount is met by traditional feedstuffs so none is supplemented.
hNRC requirement is 0.036 and 0.023 mg/lb in the complete diet for phases 1 and 2, and 3 and 4, respectively and 
this amount is met by traditional feedstuffs so none is supplemented.
iNRC requirement is 0.136 mg/lb in the complete diet for all phases for phases 1, 2, 3 and 4, respectively and this 
amount is met by traditional feedstuffs so none is supplemented.
jNRC requirement is 0.90, and 0.68, mg/lb in the complete diet for phases 1 and 2, and 3 and 4, respectively and this 
amount is met by traditional feedstuffs so none is supplemented.



PAGE 10 PIG 07-02-06

Table 4.  Ranges for recommended dietary additions of salt, trace minerals and vitamins from concen-
trates, base mixes or premixes for growing-finishing pigs a,b

Type of diet Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 5
+RACc

Phase 6
RACc

Body weight, lb 45 to 90 90 to 135 135 to 180 180 to 225 225 to 270 225 to 270 270 to 315

Assumed daily feed 
intake, lb

2.9 4.2 5.2 6.0 6.6 6.4 6.8

Dietary metabolizable 
energy, Mcal/lb

1.52 1.52 1.52 1.52 1.52 1.52 1.52

Mineralsd

Salt, % 0.2 to 0.4 0.2 to 0.4 0.2 to 0.4 0.2 to 0.4 0.2 to 0.4 --- to 0.4 --- to 0.4

Sodium, % 0.1 to 0.2 0.1 to 0.2 0.1 to 0.2 0.1 to 0.2 0.1 to 0.2 --- to 0.2 --- to 0.2

Chloride, % 0.08 to 0.2 0.08 to 0.2 0.08 to 0.2 0.08 to 0.2 0.08 to 0.2 --- to 0.2 --- to 0.2

Copper, ppm 4 to 20 4 to 20 3 to 20 3 to 20 3 to 20 --- to 20 --- to 20

Iodine, ppm 0.14  to 0.4 0.14  to 0.4 0.14  to 0.4 0.14  to 0.4 0.14  to 0.4 --- to 0.4 --- to 0.4

Iron, ppm 60 to 180 60 to 180 50 to 180 50 to 180 50 to 180 --- to 180 --- to 180

Manganese, ppm 2 to 30 2 to 30 2 to 30 2 to 30 2 to 30 --- to 30 --- to 30

Selenium, ppme 0.15 to 0.3 0.15 to 0.3 0.15 to 0.3 0.15 to 0.3 0.15 to 0.3 --- to 0.3 --- to 0.3

Zinc, ppm 60 to 180 60 to 180 50 to 180 50 to 180 50 to 180 --- to 180 --- to 180

Vitamins

Vitamin A, IU/lb 600 to 
4000

600 to 
4000

600 to 
4000

600 to 
4000

600 to 
4000 --- to 4000 --- to 4000

Vitamin D3, IU/lb 70 to 400 70 to 400 70 to 400 70 to 400 70 to 400 --- to 400 --- to 400

Vitamin E, IU/lb 5 to 20 5 to 20 5 to 20 5 to 20 5 to 20 --- to 20 --- to 20

Vitamin K, mg/lbf 0.25 to 2 0.25 to 2 0.25 to 2 0.25 to 2 0.25 to 2 --- to 2 --- to 2

Riboflavin, mg/lb 1 to 10 1 to 10 1 to 10 1 to 10 1 to 10 --- to 10 --- to 10

Niacin, mg/lb 5 to 25 5 to 25 3 to 25 3 to 25 3 to 25 --- to 25 --- to 25

Pantothenic acid,   
mg/lb 4 to 20 4 to 20 3 to 20 3 to 20 3 to 20 --- to 20 --- to 20

Choline, mg/lbg 0 0 0 0 0 0 0

Biotin, mg/lbh 0 0 0 0 0 0 0

Vitamin B12, mg/lb 0.005 to 
0.02

0.005 to 
0.02

0.002 to 
0.02

0.002 to 
0.02

0.002 to 
0.02 --- to 0.02 --- to 0.02

Folic acid, mg/lbi 0 0 0 0 0 0 0

Vitamin B6, mg/lbj 0 0 0 0 0 0 0
aAll diets are limit-fed under thermoneutral conditions.
bMinimum values generally represent the quantity recommended by the NRC (1998). Upper values do not represent 
safe or tolerance levels, but instead a reference point above which further additions will not likely improve perfor-
mance.
cRactopamine hydrochloride (Paylean®).
d --- indicates no data available. 
eMaximum legal addition is 0.3 ppm.
fMenadione activity.
gNRC requirement is 136 mg/lb in the complete diet for phases 1 to 5 and this amount is met by traditional feed-
stuffs so none is supplemented. 
hNRC requirement is 0.023 mg/lb in the complete diet for phases 1 to 5 and this amount is met by traditional feed-
stuffs so none is supplemented.
iNRC requirement is 0.136 mg/lb in the complete diet for phases 1 to 5 and this amount is met by traditional feed-
stuffs so none is supplemented.
 jNRC requirement is 0.45 mg/lb in the complete diet for phases 1 to 5 and this amount is met by traditional feed-
stuffs so none is supplemented.
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Table 5.  Ranges for recommended dietary additions of salt, trace minerals and 
vitamins from concentrates, base mixes or premixes for gestating and lactating 
swine and breeding boarsa,b

Minerals

Salt, % 0.4 to 0.6

Sodium, % 0.15 to 0.25

Chloride, % 0.12 to 0.3

Copper, ppm 5 to 20

Iodine, ppm 0.15 to 0.5

Iron, ppm 80 to 200

Manganese, ppm 20 to 45

Selenium, ppmC 0.15 to 0.3

Zinc, ppm 50 to 200

Vitamins

Vitamin A, IU/lb 1800 to 7000

Vitamin D3, IU/lb 90 to 700

Vitamin E, IU/lb 20 to 40

Vitamin K, mg/lbd 0.25 to 3

Riboflavin, mg/lb 2 to 8

Niacin, mg/lb 5 to 35

Pantothenic acid, mg/lb 5 to 20

Choline, mg/lbe 250 to 500

Biotin, mg/lb 0.1 to 0.3

Vitamin B12, mg/lb 0.007 to 0.02

Folic acid, mg/lb 0.6 to 1.8

Vitamin B6, mg/lb 0 to 2.25
aAll diets are limit-fed under thermoneutral conditions. Assumes gestating sows and 
breeding boars consume at least 4 lb feed/day; lactating sows have ad libitum access to 
feed.
bMinimum values generally represent the quantity recommended by the NRC (1998). Up-
per values do not represent safe or tolerance levels, but instead a reference point above 
which further additions will not likely improve performance. Older sows may require 
increased concentrations of trace minerals and vitamins in their diets to optimize repro-
ductive performance and enhance length of productive life.  Producers seeking to imple-
ment parity-based feeding programs in gestation should consider using values toward 
the higher end of the ranges provided to supplement diets for older sows.  
cMaximum legal addition is 0.3 ppm.
dMenadione activity.
eNRC requirement (which represents total dietary concentration) is 570 and 450 mg/lb 
during gestation and lactation, respectively; breeding boars require 570 mg/lb choline. 
Soybean meal is an excellent source of choline.
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Table 6.  Specific recommended dietary additions of trace minerals and vitamins from concentrates, base 
mixes or premixes
Type of diet Nursery Grower Finisher-1 Finisher-2 Finisher + 

RACa
Sows Breeding 

boars

Body weight, lb 9 to 45 45 to 135 135 to 
225

225 to 
315

225 to 
315

Dietary metabolizable energy, 
Mcal/lb

1.54 1.52 1.52 1.52 1.52 1.50 1.48

Minerals

Sodium, %b,c 0.25 to 0.15 0.15 0.15 0.15 0.15 0.2 0.2

Chloride, %b,c 0.25 to 0.15 0.15 0.15 0.15 0.15 0.2 0.2

Copper, ppmd 16 12 10 8 12 16 16

Iodine, ppm 0.30 0.25 0.20 0.15 0.25 0.30 0.30

Iron, ppm 165 125 100 75 125 165 165

Manganese, ppm 10 6 5 4 6 30 30

Selenium, ppme 0.3 0.25 0.20 0.15 0.25 0.3 0.3

Zinc, ppmd 165 125 100 75 125 165 165

Vitamins

Vitamin A, IU/lb 3000 2500 2000 1500 2500 4000 4000

Vitamin D3, IU/lb 300 250 200 150 250 300 300

Vitamin E, IU/lb 30 15 12 9 15 30 30

Vitamin K, mg/lbf 2 1 0.8 0.6 1 2 2

Riboflavin, mg/lb 4 4 3 2 4 4 4

Niacin, mg/lb 22 11 9 7 11 15 15

Pantothenic acid, mg/lb 12 7 6 5 7 10 10

Choline, mg/lb 0 0 0 0 0 250 250

Biotin, mg/lb 0 0 0 0 0 0.1 0.1

Vitamin B12, mg/lb 0.02 0.01 0.008 0.006 0.01 0.01 0.01

Folic acid, mg/lb 0 0 0 0 0 0.75 0.75

Vitamin B6, mg/lb 0 0 0 0 0 0 0
aRactopamine hydrochloride (Paylean®).
bSalt is usually added at the rate of 5 to 7 lb/ton in nursery diets, 6 to 7 lb/ton in grower-finisher diets and 10 lb/ton in 
sow and breeding boar diets to help provide a significant portion of the total dietary sodium and chloride recommen-
dations. 
cRecommendations for sodium and chloride represent total dietary amounts, not additions; 0.25, 0.20, 0.20 and 0.15% 
for nursery phase 1 (9 to 11 lb), nursery phase 2 (11 to 15 lb), nursery phase 3 (15 to 25 lb) and nursery phase 4 (25 to 
45 lb), respectively.
dLevels	of	3,000	ppm	zinc	for	nursery	phases	1	and	2	(	9	to	15	lb)	and	2,000	ppm	zinc	for	nursery	phase	3	(	15	to	25	lb)	
from zinc oxide can be added for growth promotion; or 125 to 250 ppm copper from copper sulfate or tri-basic copper 
chloride in nursery phases 1, 2, and 3 ( 9 to 25 lb). 
eMaximum legal addition is 0.3 ppm.
fMenadione activity. 
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Table 7. Trace mineral premix specificationsabc

Nutrient Units Potency per lb of premix

Copper mg 4,850

Iodine mg 90

Iron mg 50,000

Manganese mg 9,000

Selenium mg 90

Zinc mg 50,000
aMineral sources are listed in Table 1.
bPremix usage rates:
     Sows, breeding boars and nursery pigs, 3 lb/ton of complete feed.
     Grower (45 to 135 lb pigs), 2.5 lb/ton of complete feed.
     Finisher 1 (135 to 225 lb pigs), 2 lb/ton of complete feed.
     Finisher 2 (225 to 315 lb pigs), 1.5 lb/ton of complete feed.
     Finisher + RAC (225 to 315 lb pigs), 2.5 lb/ton of complete feed.
cThe mineral additions shown in Table 6 are met or exceeded with a premix containing the potency indicated and 
used as directed. 

Table 8. Vitamin premix specifications for nursery dietsabc

Nutrient Units Potency per lb of premix

Vitamin A IU 1,200,000

Vitamin D3 IU 120,000

Vitamin E IU 12,000

Vitamin K mg 800

Riboflavin mg 1,600

Niacin mg 8,800

Pantothenic acid mg 4,800

Choline mg 0

Biotin mg 0

Vitamin B12 mg 8.28

Folic acid mg 0

Vitamin B6 mg 0
aVitamin sources are listed in Table 2.
bPremix usage rate: 5 lb/ton of complete feed.
cA premix containing the potency indicated and used as directed will fortify diets as shown in Table 6.
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Table 10. Vitamin premix specifications for sow and breeding boar dietsabc

Nutrient Units Potency per lb of premix

Vitamin A IU 1,600,000

Vitamin D3 IU 120,000

Vitamin E IU 12,000

Vitamin K mg 800

Riboflavin mg 1,600

Niacin mg 6,000

Pantothenic acid mg 4,000

Choline mg 100,000

Biotin mg 40

Vitamin B12 mg 4

Folic acid mg 300

Vitamin B6 mg 0
aVitamin sources are listed in Table 2.
bPremix usage rate: 5 lb/ton of complete feed.
cA premix containing the potency indicated and used as directed will fortify diets as shown in Table 6.

Table 9. Vitamin premix specifications for growing-finishing dietsabc

Nutrient Units Potency per lb of premix

Vitamin A IU 1,000,000

Vitamin D3 IU 100,000

Vitamin E IU 6,000

Vitamin K mg 400

Riboflavin mg 1,600

Niacin mg 4,400

Pantothenic acid mg 2,800

Choline mg 0

Biotin mg 0

Vitamin B12 mg 4

Folic acid mg 0

Vitamin B6 mg 0
aVitamin sources are listed in Table 2.
bPremix usage rates:
     Grower (45 to 135 lb pigs), 5 lb/ton of complete feed.
     Finisher 1 (135 to 225 lb pigs), 4 lb/ton of complete feed.
     Finisher 2 (225 to 315 lb pigs), 3 lb/ton of complete feed.
     Finisher + RAC (225 to 315 lb pigs), 5 lb/ton of complete feed.
cA premix containing the potency indicated and used as directed will fortify diets as shown in Table 6.
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Handling and mixing instructions

The need for supplemental trace minerals is usually met be adding a commercial trace mineral premix to 
the diet.  In some instances, selenium is not included in the trace mineral premix and is added separately 
as a selenium supplement.  This allows variable amounts of the trace mineral premix to be included in the 
diet depending on the stage of production, while allowing selenium to be added at a constant rate to sup-
ply the maximum amount allowable by the FDA (0.3 ppm).  

Vitamin needs are usually met by adding a commercial vitamin premix to the diet.  Vitamin potency in 
feed and manufactured products will decrease with exposure to light, high humidity, heat, rancid fat, 
and oxygen. In addition, vitamin potency is reduced when vitamins are in contact with minerals. For best 
results, store basemixes and trace mineral vitamin premixes in a cool, dry, and dark place and use them 
within 30 days of purchase. Premixes containing vitamins and minerals separately can be stored for about 
3 to 4 months.

Mix only enough feed for 3 to 4 weeks as certain combinations of ingredients can increase vitamin losses 
over time.  Follow mixing guidelines according to the manufacturer’s recommendations.  Do not add more 
than recommended amounts or a potential toxicity may occur. It’s also likely that pig performance will not 
be improved with the extra trace minerals and vitamins in the diet, but result in money wasted.

Special care should be taken when adding the trace mineral or vitamin premix to obtain a thorough 
dispersion throughout the feed.  Since vertical, on-farm grinder mixers are not designed to handle small 
quantities, the trace mineral or vitamin premix should to be premixed with a carrier, such as ground corn, 
soybean meal, etc before being added to the mixer.  One method is to thoroughly mix the trace mineral or 
vitamin premix with at least 50 lb of a carrier in a tub or cement mixer separately, and then add this mix-
ture to the complete mix in the vertical, on-farm the mixer.

Summary

Pigs require several trace minerals and vitamins in their diet for optimum performance, because they 
serve a variety of important metabolic functions in the body. Good decisions must be made concerning 
sources and amounts of minerals and vitamins to include in swine diets. 
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Frequently asked Questions

What are chelated or proteinated trace minerals?

Trace minerals are generally added to swine diets as inorganic salts, such as copper sulfate, iron sulfate, 
zinc oxide, etc. Chelated forms of some trace minerals are now commercially available where trace min-
erals are bound to a compound such as a protein or individual amino acid to form a chemical bond (e.g. 
zinc methionine). These forms are designed to enhance the absorption of the trace mineral from the small 
intestine. Research in pigs, however, has demonstrated that the bioavailability of the minerals in chelated 
forms is not always greater and is sometimes lower than the bioavailability of elements in inorganic salts. 
Usually the inorganic forms of trace minerals are most economical.

How important are dietary electrolytes?

Electrolytes (minerals) are essential to maintaining water balance in pigs. Electrolyte balance is particularly 
important for starting pigs, because they are more susceptible to diarrhea, a condition that can cause se-
vere dehydration and electrolyte depletion. The major elements involved in electrolyte balance are sodium, 
chloride, potassium, magnesium, and calcium, but sodium, chloride, and potassium predominate. We do 
not recommend including electrolytes in swine diets at levels exceeding those shown in Tables 3, 4, 5, and 
6 even in times of stress, such as those associated with weaning and feeder pig sales and transfers.


