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Introduction
Fat-soluble vitamins A, D, E are vital nutrients for all swine. 
These vitamins are routinely added to swine feeds at or above 
National Research Council (NRC) recommended levels. Supple-
mentation via drinking water and injection are also utilized.

Published NRC dietary requirements have not been static. In 
1941 requirements for vitamin A, vitamin D and carotene were 
published and the requirement for vitamin E was first published in 
1973 and later increased in 1988. In 1988, carotene was removed 
as a required dietary nutrient. Vitamin D requirements were 
increased for sows in the 2011 NRC publication. The primary 
reasons for changes in fat-soluble vitamin requirements are due to 
a combination of research findings, husbandry practices (confined 
vs. non-confined), sow productivity, and improved growth.

The primary emphasis for NRC dietary requirements is mini-
mum daily requirements for animal performance. Research has 
shown that under certain conditions, higher levels of fat-soluble 
vitamin-intakes may impact other factors besides average daily 
gain and feed efficiency.

The purpose of this paper is to review information that shows 
the impact of strategic use of fat-soluble vitamins on other bodily 
functions besides generally accepted nutritional needs and also the 
impact of disease and other factors on fat-soluble vitamin status.  

Enhanced immunity ensues when higher than 
NRC fat-soluble levels are fed or injected
There are several excellent reviews on the impact of fat-soluble 
vitamins on cell-mediated and humoral immunity.1,2,3  Research 

as early as 1931, showed that fat-soluble vitamins had a positive 
effect on the immune system. As swine husbandry practices have 
changed from non-confinement to confinement and productivity 
has increased, the need for adequate fat-soluble vitamin supple-
mentation has become even more paramount.

Several experiments in various species have shown that viral and 
bacterial infections reduce fat-soluble vitamin status, especially 
vitamin E. Two studies have shown that there was a negative im-
pact of PRRS on vitamin E status in sows and pigs, but not vita-
min D status. L. Bruner, 2013, conducted a field evaluation on 
the effects of PRRS on vitamin E and vitamin D status of PRRS+ 
and PRRS- sows and pigs (Personal communication). She found 
that in nine herds, vitamin D status was not reduced by PRRS, but 
vitamin E status was dramatically reduced by PRRS virus in both 
sows and nursing pigs. Tousignant found similar results. He found 
that PRRS infected weaned pigs had no reduction in vitamin D or 
selenium status, but a 51.3% reduction in vitamin E status at  
14 days post-infection (Table 1) (Personal communication).  

Jensen et al., 1987, reported that for optimum cell-mediated im-
munity, pig’s serum alpha-tocopherol levels should be maintained 
at levels above 3 ppm.4 The conundrum with vitamin E is that 
newly-weaned pigs do not utilize synthetic vitamin E acetate that 
is in nursery diets.  Kim et al., 2016, evaluated the impact of sup-
plementing newly-weaned pigs with either 50, 100, or 200 I.U. 
dl-alpha-tocopheryl acetate/ kg diet on inflammatory responses.5  
At the start of the experiment (at weaning) average serum vita-
min E was 3.2 ppm. Ten days post-weaning, serum alpha-tocoph-
erol levels were 1.4, 1.7 and 2.2 for pigs fed 50, 100 and 200 I.U., 
respectively (Figure 1). This study supports findings by Moreira 

Table 1: Effect of PRRS challenge on vitamin E and selenium serum status in nursery pigs (Tousignant, 2013, personal 
communication)

PRRS positive (n = 9) PRRS negative (n = 10) P-value1

Weaning
    Vitamin E (ppm) 3.48 3.72 0.667
    25 OH D (ppb) 88 83 0.75
    Selenium (ppm) 141.9 110.9 0.0001
14 DPI2

    Vitamin E (ppm) 2.3 3.46 0.098
    25 OH D (ppb) 38 40 0.72
    Selenium (ppm) 140.8 (12.45) 102.5 (22.86) 0.0004

1  P-values calculated using t-test
2 DPI = Days post-infection
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and Mahan, 2002, that nursery pigs are unable to maintain serum 
vitamin E status after weaning due to lack of ability to utilize syn-
thetic vitamin E acetate at levels up to 200 I.U. per kg (182,000 
I.U. per ton).6   

Hidiroglou et al., 1995,7 found that pigs injected with d-al-
pha-tocopherol (VITAL E-500) had dramatically higher plasma 
alpha-tocopherol concentrations and higher antibody titers to 
key-hole limpet haemocyanin compared to control pigs. Vitamin 
E injected pigs also had significantly higher alpha-tocopherol 
concentrations in spleen, liver, heart, kidney, lung and muscle 
compared to non-injected pigs.

In a recent experiment at Michigan State University, supplement-
ing the water of newly-weaned pigs with micellized non-esters of 
d-alpha-tocopherol and cholecalciferol reduced oxidative stress.  
Enzymes superoxide dismutase (SOD) and glutathione peroxide 
(GPx) were determined in newly-weaned pigs supplemented with 
vitamin E and D in drinking water (EMCELLE E-D3 Liquid).  
SOD was reduced (P = 0.005) and GPx activity was reduced due 
to the water supplementation of vitamins E and D. (P = 0.0002).8

Another area of interesting research is the impact of vitamin E 
and selenium deficiencies on enhanced viral pathogenicity. Beck 
has demonstrated that adequate vitamin E and selenium in ro-
dents reduced viral mutations and subsequent reduction in viral 
pathogenicity.9

Fat-soluble vitamins improve muscle function
No role for vitamin A to improve muscle function has been re-
ported in the literature.  Vitamin E has long been shown to be 
involved in skeletal and cardiac muscle function, and recently 
smooth muscle function. In the past few years, a growing number 
of human clinical studies have examined the effects of vitamin D 
supplementation on muscle function and research on the vitamin 
D receptor in smooth muscle cells have helped to improve our 
understanding of the role and actions of vitamin D on smooth 
muscle function.

In regards to vitamin E deficiencies in nursery pigs, an increase 
in cardiomyopathy has been associated primarily with vitamin E 
deficiencies and not selenium.10 In calves, the fastest growing an-
imals have the lowest vitamin E status.11 It is interesting that with 
cardiomyopathy, the fastest growing pigs seem to be affected, 
therefore supplementing the nursery pig with a biologically avail-
able source of vitamin E (EMCELLE TOCOPHEROL) to keep 
serum vitamin E status above 3-4 ppm is critically important.12

Recent university research and field demonstrations has demon-
strated that pre-partum injections of vitamins A, D, and E re-
duces total delivery time approximately one hour (Data on file, 
Stuart Products, Inc.). Whether the effect is due to enhanced vi-
tamin E and/or vitamin D status has yet to be determined.  In the 
large field study, besides reducing delivery time, stillborns were 
reduced approximately 30% in the injected sows compared to the 
non-injected sows. There were 267 sows in the field study. Half 
were injected with VITAL E-Repro one week pre-farrowing and 
the other half were not injected.  Parities were equally assigned to 
the two treatments.    

Another potential role for elevated levels of vitamin E is sow 
prolapses. A small survey was conducted in North Carolina to de-
termine if prolapsed sows had different fat-soluble vitamin status 
compared to cohort sows.13 The average serum vitamin E status in 
10 prolapsed sows was 26% lower when compared to 19 cohort 
sows (1.30 vs 1.64 ppm), and serum vitamin A and 25 OH D3 
were 7 and 6% lower in the prolapsed sows. (Table 2). 

Fat-soluble vitamins enhance reproduction
All three fat-soluble vitamins have been shown to impact re-
production in sows.14 Vitamin A supplementation and/or in-
jection has been shown to improve embryo survival.15 The form 
of vitamin A in injectable formulations is critically important. 
Vitamin A palmitate has been shown to be much more effective 
on enhancing sow productivity when compared to vitamin A 
propionate.16 Jensen and Lauridsen recently presented data on 
the fat-soluble vitamin needs for highly prolific sows in Den-
mark.17 The Danish recommended levels of vitamins A, D and E 
are dramatically higher than NRC recommendations, especially 
for the lactating sow (Table 3).18 As an example, the published 
vitamin E requirement for lactating sows in Denmark is 165 I.U./
kg (150,000 I.U./ton) compared to the NRC requirement of 
44 I.U./kg (40,000 I.U./ton).

Figure 1: Effect of dietary dl-alpha tocopheryl acetate 
levels on plasma vitamin E contents after weaning. All pigs 
were experimentally infected with an enterotoxigenic 
strain of E coli on d 7. ***P < 0.001 (Kim, et. al., 2016)
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Importance of bioavailability of fat-soluble 
vitamins 
Both naturally-occurring and supplemental fat-soluble vitamins 
go through various steps prior to absorption that is similar to fat 
metabolism. Prior to absorption, supplemental fat-soluble vita-
mins A and E need to be de-esterified by the action of intestinal 
esterases (pancreatic carboxyl ester hydrolase (CEH).19 The esters 
are removed from the vitamin molecules prior to absorption. A 
second step for fat-soluble vitamins is micellization.  Micelles are 
formed by the action of bile salts to create water-soluble droplets 
that are absorbed. Supplementing water with micellized, non-es-
terified vitamin E (d-alpha-tocopherol) assists in maintaining ade-
quate vitamin E status of the post-weaned pig.12  Yang, et al., 2014, 
compared the utilization of injectable vs oral sources of vitamins 
A, D and E (VITAL E-Newborn). Injectable sources were utilized 
approximately twice that of orally administered vitamins20

van Kempen et al. reported that the bioavailability for oral 
d,l-α-tocopheryl acetate (normally used in complete feeds) was 
only 12.5% when administered in nursery pigs. Vitamin E dosed 
as d-α-tocopherol at one-eighth the level of the synthetic acetate 
ester showed both a rapid and a very slow pool, whereas orally 
dosed synthetic vitamin E acetate showed a single slow pool. The 
authors stated that the use of synthetic vitamin E-acetate brings 
into question the efficacy of typical use of vitamin E-acetate in 
swine diets for alleviating oxidative stress.21

Conclusions 
Of the three fat-soluble vitamins, vitamin E appears to be the 
most deficient in all post-weaning phases of swine production, 

while vitamin D supplementation may be most critical in the 
nursing pig due to low milk content. Reduced farrowing time due 
to pre-partum injection of fat-soluble vitamins and reduction in 
mulberry heart are areas affected by inadequate fat-soluble vita-
min intake. Esterification of fat-soluble vitamins A and E is done 
to improve stability in complete feeds, but there are situations in 
swine production when it is best not to esterify fat-soluble vita-
mins, especially vitamin E in nursery diets. Stability of esters will 
be superior, but at the expense of bioavailability.

In general, the NRC recommended levels for fat-soluble vitamins 
fat-soluble vitamins are too low. The level for gestating and lac-
tating sows should be dramatically increased. For newly-weaned 
pigs, the source of vitamin E is more critical than inclusion lev-
els. Pigs fed 200 I.U. synthetic acetate/kg diet were still unable 
to maintain serum tocopherol levels, while pigs supplemented 
with micellized d-alpha-tocopherol are able to maintain an 
optimum serum status. The necessity to supplement with a bi-
ologically-available source of vitamin E as found in EMCELLE 
TOCOPHEROL and EMCELLE ED3 Liquid, or VITAL E-in-
jectables is critical to be assured that vitamin levels are more than 
adequate.  

References
1. Villamor E and W. W. Fawzi. 2005.  Effects of vitamin A supplementation on 
immune responses and correlation with clinical outcomes. Clin Microbiology Re-
views. 18:446-464.
2. Lucas, R.M., S. Gorman, S. Geldenhuys, and P. H. Hart. 2014. Vitamin D and 
Immunity. F1000Prime Reports. 6:118.  
3. Moriguchi, S. and M. Kaneyasu. 2003. Role of vitamin E in immune system. 
J. Clin. Biochem. Nutr. 34:97-109.  

Table 2: Survey of fat-soluble vitamin status in prolapsed sows and their cohorts. (Riggs and Almond, 2016, unpublished)

Vitamin Prolapsed sows (n =10) Cohort sows (n = 19)
Vitamin E (ppm) 1.30 1.64
Vitamin A (ppm) 0.27 0.29
Vitamin D (ppb) 34.84 36.93

 

Table 3: Comparative fat-soluble vitamin recommended use levels (I.U/kg) for swine feeds in Denmark and US  ( Jensen 
and Lauridsen, 2017)

Sows Nursery pigs Pigs Grow/finish
Gestating Lactating 6-9 kg 9-30 kg 30-110 kg

Vitamin A Denmark 8000 8000 8000 5000 4000
NRC 4000 2000 2200 1750 1300

Vitamin D3 Denmark 800 800 800 500 400
NRC 800 800 220 200 150

Vitamin E Denmark 40 165 140 140 40
NRC 44 44 16 11 11



49th Annual Meeting of the American Association of Swine Veterinarians (March 3-6, 2018) 203

4. Jensen, M., C. Fossum, C., M. Ederroth, R.V.J. Hakkarainen, R.V.J. 1988. The 
effect of vitamin E in the cell-mediated immune response in pigs. J. Vet. Med. B. 
1988;35:549–555.
5. Kim J.C., B.P. Mullan, J. L. Black, R. J. Hewitt, R.J. van Brneveid, and J.R. Ruske.  
2016. Acetylsalicylic acid supplementation improves protein utilization efficiency 
while vitamin E supplementation reduces markers of the inflammatory response in 
weaned pigs challenged with enterotoxigenic E. coli. E. J. of Animal Sci. And Bio-
technology. 7:58.
6. Moreira, I. and D.C. Mahan. 2002. Effect of dietary levels of vitamin E (all-rac-to-
copheryl acetate) with or without added fat on weanling pig performance and tissue 
alpha-tocopherol concentration. J. Anim. Sci. 80:663-669.
7. Hidiroglou, M., T. R. Batra, E. R. Farnworth, and F. Markham. 1995. Effect of 
vitamin E supplementation on immune status and α-tocopherol in plasma of piglets. 
Reprod. Nutr. Dev. 35:443–450.
8. Copeland, K. R., D. B. Scales, G. M. Hill, J. E. Link, K. C. Turner, C. J. Roze-
boom, and R. L. Stuart. 2017. Effects of vitamins E and D on performance and anti-
oxidant enzymes in nursery pigs.  Midwest ASAS Meeting, March 13, 2017. 
9. Beck, M. A. 2007. Selenium and vitamin E status: Impact on viral pathogenicity.  
J. Nutr. 137: 1338 –1340.
10.  Pallares, F.J., M. J. Yaeger, B. H. Janke, G. Fernandez and P.G. Halbur. 2002. 
Vitamin E and selenium concentrations in livers  of pigs  diagnosed with  mulberry 
heart  disease. J Vet Diagn. Invest 14:412–414.
11. Nonnecke, B. J., M.R. Foote, B.L. Miller, D.C. Beitz and R.L. Horst. 2010. Short 
communication: Fat-soluble vitamin and mineral status of milk replacer-fed dairy 
calves: effect of growth rate during the preruminant period. J. Dairy Sci. 93:2684-90.  
12. Specht, T.A., D.C. Mahan, N.D. Fastinger and R.L. Stuart. 2003. Effects of d-al-
pha-tocopherol alcohol or acetate in water soluble or emulsified form to the drinking 
water of weanling pig. J. Anim. Sci. 81 (Suppl. 2): p 88 (Abstract No. 356).
13. E. M. Riggs and G. Almond. 2016. North Carolina State University. Personal 
communication.  

14. Agarwal  A.,  A. Aponte, M. Beena, J Premkumar, A. Shaman and S.  Gupta. 
2012. The effects of oxidative stress on female reproduction: a review.  Reproductive 
Biology and Endocrinology. 10:1-31.  
15. Britt, J. 2014. Vitamin A injection improves embryonic development resulting 
in uniformity of piglet size at birth for Gilts and Sows.  News to Use February, 2014.  
Stuart Products, Inc. 
16. Robertson, J. A. 1997. Investigations of the action of vitamin A and beta-car-
otene on reproductive performance in pigs. Ph.D. Dissertation Victoria Univ. of 
Tech., Victoria, Australia.
17. Jensen, S. K. and C. Lauridsen. 2017.  Fat Soluble Vitamins - availability and 
recommendations for highly prolific sows and their progeny. 78th Minnesota Nutr. 
Conf. Sept. 20-21, 2017.  pp 165-175.
18. Seges Pig Research. 2017. 26th edition Danish nutrient standards. 
19. Lauridsen, C., M.S. Hedemann, and S. K. Jensen. 2001.  Hydrolysis of tocopher-
yl and retinyl esters by porcine carboxyl ester hydrolase is affected by their carboxyl-
ate moiety and bile acids. J. Nutritional Biochemistry. 12: 219-224. 
20. Jang, Y.D., M.D. Lindemann, H.J. Monegue, and R.L. Stuart. 2014. The effects 
of fat-soluble vitamin administration on plasma vitamin status of nursing pigs differ 
when provided by oral administration or injection. Asian-Australas J Anim Sci. 
5:674-82. 
21. van Kempen, T. A., M. H. Reijersen, C. de Bruijn, S. De Smet, J. Michiels, M. 
G. Traber and C. Lauridsen. 2016. Vitamin E plasma kinetics in swine show low 
bioavailability and short half-life of all-rac -α-tocopheryl acetate. J. Animal Science. 
94:4188-4195.


