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Abstract

This review article deals with the brief description of vitamin E and Selenium along with their deficiency
syndrome. Selenium is a trace element that plays an important role in the health and production of animals.
Selenium, a potent biological catalyst, functions synergistically with vitamin E in the maintenance of the body’s
antioxidant status. Vitamin E has also found to be essential for the integrity and optimum function of
reproductive, muscular, circulatory, nervous, immune systems; and also involved in arachidonic and
prostaglandin metabolism. In cattle, economically significant impacts such as reduced fertility, placental
retentions, and the incidence of mastitis and metritis have been noted in selenium deficiency. For the beef cattle
100ug/kg DM (dry matter) and at 300ug/kg DM for dairy cows is the estimated daily nutritional requirements of
selenium. The selenium requirement for calves is 100ug/kg DM per day. In adult cattle, NRC recommends 15 to
60 international units (IU) of Vitamin E as the daily nutritional need while in nursing calves it is 40-60 IU. It
has been found that, diets rich in carbohydrates, nitrates, sulfates, calcium or hydrogen cyanide (clover, flax
seeds) influenced negatively to the organism for the use of selenium in cattle.
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Introduction

Vitamin E and Selenium are essential nutrients for
animals and human. Since the discovery of Vitamin E
in the last 50 years, and recognition of the nutritional
essentiality of selenium for the last 20 years, many
nutritionally significant interrelationships between
these nutrients have been demonstrated in several
laboratories.

History of selenium

Iliness of workers of plant were attributed to exposure
to high levels of selenium while Jons Jakob Berzelius
was isolating selenium from red deposits in the lead
chambers of the sulfuric acid plant (Oldfield, 1999).
However, selenium toxicity problems in livestock had
been recorded for hundreds of years previously
although the cause was unknown. During the 13th
century, Marco Polo reported a hoof disease in horses
during his travel in China. In Colombia in 1560
similar problems were noted where the syndrome was
called alkali disease (Fordyce, 2005). In the early
years of this century, selenium was identified as the
active principalin forages that caused livestock
poisoning in South Dakota. This discovery led to
investigations of natural sources of selenium, in the
course of which the existence of a peculiar group of

plants having the ability to accumulate quantities of
selenium up to several thousand parts per million
when grown on seleniferous soil were noted. Such
plants include members of the genera Astragalus,
Haplopappas, Machaeiantheia, and Stanleya, which
are called "selenium accumulators” or "selenium
indicators".

Selenium (Se) is a trace element that plays an
important role in the performance and health of
animals, being dependent on the amount of selenium
taken up by plants as bioavailable selenium. In cattle,
economically significant impacts such as reduced
fertility, placental retentions, and the incidence of
mastitis and metritis have been noted in selenium
deficiency (Hefnawy et al, 2010; Spears et al, 2008).
In the perinatal period, selenium deficiency leads to
disorders altering milk quality in cows (Horky et al.,
2015; Ran et al., 2010). Selenium plays a role in the
formation and the activity of cytotoxic, helper T and
Natural killer (NK) cells in the immune system (Petrie
et al, 1989).

History of Vitamin E

Vitamin E, first described in 1922 by Evans and
Bishop as a dietary factor, is composed of eight fat-
soluble compounds (a-, B-, y-, d-tocopherol, and a-, -



The Blue Cross (2020), Volume 16

76

, v-, o-tocotrienol) obtained from plant (edible oils,
seeds) organisms (Galli et al., 2017). Vitamin E acts
synergistically with selenium which is known for its
antioxidant feature (Liu et al., 2014). After being
absorbed through the lymphatic pathway, it is
transported into systemic circulation along with the
chylomicrons and finally stored chiefly in the liver
(Rengaraj& Hong, 2015). Vitamin E has been also
found to be essential for the integrity and optimum
function of reproductive, muscular, circulatory,
nervous, immune systems; and also involved in
arachidonic and prostaglandin metabolism (Graham,
1991).

Sources of Vitamin E

Vitamin E is naturally present in the various plant
lipids. Human diets such as salad oils, dressings,
shortenings, and margarine made from soybean,
cottonseed, peanut, corn, and sunflower oils are the
major sources of vitamin E while the Alfalfa, corn,
and soybean meals are the major sources of the
vitamin in animal feeds.

Nutritional requirements of Selenium and

Vitamin E

For the beef cattle 100pg/kg DM (dry matter) and at
300ug/kg DM for dairy cows is the estimated daily
nutritional requirements of selenium. The selenium
requirement for calves is 100 pg/kg DM per day
(Mehdi and Dusfranse, 2016; Jobling, 2012) but for
the hyper muscular cattle races, this intake of
100ug/kg DM of selenium per day does not seem to
cover all the requirements. Intake of 300pg/kg DM
per day has been advocated by Guyot and Rollin for
the Belgian blue bulls. Dietary selenium consumption
is also influenced by Vitamin E (Jobling, 2012). The
amount of selenium is increased when a diet low in
vitamin E is consumed which is necessary for the
prevention of certain anomalies (Jobling, 2012). In
adult cattle, NRC (Jobling, 2012) recommends 15 to
60 international units (IU) of Vitamin E as the daily
nutritional need while the daily requirements for
nursing calves are 40-60 1U. However, vitamin E and
selenium are involved in similar functions. Therefore,
Vitamin E deficiency could be partially compensated
by an adequate intake of Selenium and vice versa.

Interaction with other elements

According to Kessler et al. (1993) it has been found
that diets rich in carbohydrates, nitrates, sulfates,
calcium or hydrogen cyanide (clover, flax seeds etc.)
influenced negatively on the use of selenium in cattle.
At a concentration of over 2.4 gm/kg DM, sulfur (S)
could decrease the absorption of selenium by the
steric competitiveness. Similarly, the rate of
absorption of selenium is also decreased by Fe3+. In
dairy cows, in late pregnancy, calcium level of 0.8%
DM in the feed allows the absorption of selenium at
an optimal level (Harrison and Conrad, 1984).
Besides, with the high concentration of lead in the
diet of the calf, serum levels of selenium and its
content in all tissues were found to be decreased
(Neathery et al, 1987). Selenium deficiency is
exacerbated by lodine deficiency. The raw materials
rich in cellulose and crude protein have a positive
impact on the selenium use by the assimilations rates
(Kessler, 1993).

Deficiency symptoms

Deficiency signs of Selenium include exudative
diathesis, poor immunogenic response, embryonic
mortality, pancreatic fibrosis in birds and white
muscle disease (nutritional muscular dystrophy) in
ruminants and other species (Khanal & Knight, 2010).
Vitamin E deficiency leads to similar signs and more
effects are seen in immunity and reproductive
performance: follicular and ovarian activity is highly
susceptible in females; sperms are susceptible to
oxidative damage in males (Liu et al., 2014).

Diagnosis of Vitamin E and Selenium

deficiency

Diagnosis of vitamin E and selenium deficiency can
be made through the history of diets, lesions in
muscles, the selenium content of the soil, clinical
findings, estimation of selenium level of blood and
tissues, elevation of the liver and muscle-specific
enzymes (C.P.K, S.G.0.T., S.G.P.T) and reduction of
glutathione peroxidase in blood and tissue in white
muscles. Ante mortem and post mortem diagnosis of
both selenium deficiency and toxicity are best
measured by blood and liver samples (Tiwary et al.,
2006). Best and sensitive indicator of selenium status
can be measured by whole blood selenium
concentration than hair selenium or glutathione
peroxidase activities (Deore et al., 2003).
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Vitamin E and Selenium deficiency in animals

Diseases Animal affected Tissue affected
REPRODUCTIVE
FAILURE
o Fetal death, Rat, cow, ewe e Embryonic vascular system
reabsorption
e Testicular Rooster, rat, rabbit, dog, pig, e Germinal epithelium
degeneration monkey
NUTRIONAL
MYOPATHIES
e Nutritional muscular Sheep, goat, calf, rat, guinea e Striated muscle
dystrophy pig
e Mulberry heart Pig e Cardiac muscles
disease

e Gizzard Myopathy

e Stiff lamb disease

Turkey, duck,

New born lamb

e Gizzard muscle

e Striated muscle

e Erythrocyte hemolysis

Chick, rat, rabbit

e Erythrocyte

e Incisor
depigmentation

Rat

e Incisor enamel

SYSTEMIC DISORDER
e Liver necrosis

e Membrane lipid
Peroxidation

e Accumulation of
ceroid
e Kidney degeneration
e Anaemia
ENCEPHOLOMACIA
EXUDATIVE DIATHESIS

PANCREATIC FIBROSIS

Rat, mouse, pig

Chick, rat

Rat, mink, calf, lamb, dog,
chick, turkey

Mouse, rat, pig

Monkey, pig

Chick

Chick

Chick

e Liver

e Hepatic  mitochondria

microsomes
e Adipose
e Renal tubule contorti
e Bone
e Cerebellum
o Capillary walls

e Pancreas

and




The Blue Cross (2020), Volume 16

78

Prevention and Treatment

In animals, selenium deficiencies can be corrected by
giving injections, dietary supplements, salt licks and
drenches. The concentration of selenium in tissue,
serum, and whole blood was found to be to higher by
the administration of organic selenium such as
selenium methionine than by the administration of
equivalent doses of selenite (Tiwary et al., 2006).
Vitamin E status and species of host determines the
level of dietary selenium needed to prevent
deficiency. Assuming normal vitamin E status of the
animal, concentrations of 0.04 - 0.1 mg/kg (dry
weight) of selenium in feedstuffs are generally
adequate for most animals with a range of 0.15-0.20
mg/kg for poultry and 0.03-0.05 mg/kg for ruminants
and pigs (WHO, 1987). The international standard
for Se requirements for cattle is 0.1 to 0.8 mg/kg dry
matter. However there is a variation with the
recommended level for cattle in different parts of the
world. The concentration of 0.1 mg/kg of selenium
and 10-20mg/kg DM of Vitamin E in feedstuffs is
required to maintain immunity status in sheep (Liu et
al., 2014). 3mg of selenium as sodium selenite along
with 150 IU alpha-tocopherol acetate mixture
@20mg/lb body weight through the intramuscular
route has also been recommended. Tocopherol acetate
can be given up to 300 to 2000mg/day in calf, 100 to
500mg/dayin lamb, 500mg/day in pig, and 30 to
100mg/day in dog.

Conclusion

Selenium and Vitamin E play an important role in the
health and production of cattle. The availability of
selenium and Vitamin E in sufficient quantities in the
diet ensures the proper functioning of the immune and
reproduction systems. This biological function of
selenium is accomplished through the selenoproteins,
such as the Glutathione peroxidase family (GPx) in
which selenium is a structural component. Deficiency
of Vitamin E and Selenium has direct or indirect
effect on the health, production and growth of
different animal species. Large number of diseases in
animals can be prevented by intake of Vitamin E and
Selenium which are interrelated to each other.
However, excessive selenium supplementation can
lead to toxicity. The speciation of selenium in food
and yeasts, as well as our understanding of their
metabolism and absorption should be investigated on
further studies.

References

Deore, M. D., Srivastava, A. K. and S. K. Sharma, 2002. Blood
selenium levels during different stages of selenosis in
buffaloes and its evaluation as a diagnostic tool. Vet. Hum.
Toxicol., 44 (5): 260-263.

Eulogio, G. L. J., Hugo, C. V., Antonio, C. N., Alejandro, C. I.,
& Juan, M. Q. (2012). Effects of the selenium and vitamin
E in the production, physicochemical composition and
somatic cell count in milk of Ayrshire cows.

Galli, F., Azzi, A., Birringer, M., Cook-Mills, J. M.,
Eggersdorfer, M., Frank, J, ... Ozer, N. K. (2017). Vitamin
E: Emerging aspects and new directions. Free Radical
Biology and Medicine, 102(June 2016), 16-36.
https://doi.org/10.1016/j.freeradbiomed.2016.09.017

Graham, T. W. (1991). Vitamin Deficiencies in Cattle.
Veterinary Clinics of North America: Food Animal
Practice, 7(1), 217-275. https://doi.org/10.1016/S0749-
0720(15)30817-3

Harrison, J. H., & Conrad, H. R. (1984).Effect of dietary calcium
on selenium absorption by the nonlactating dairy
cow. Journal of dairy science, 67(8), 1860-1864.

Hefnawy, A. E. G., &Tortora-Pérez, J. L. (2010).The importance
of selenium and the effects of its deficiency in animal
health. Small Ruminant Research, 89(2-3), 185-192.

Horky, P. (2015). Effect of selenium on its content in milk and
performance of  dairy  cows in ecological
farming. Potravinarstvo ~ Slovak  Journal of Food
Sciences, 9(1), 324-329.

Jobling, M. (2012). National Research Council (NRC): Nutrient

requirements of fish and shrimp.

Johnson, C. C., Fordyce, F. M., &Rayman, M. P. (2010).Factors
controlling the distribution of selenium in the environment
and their impact on health and nutrition. Proc. Nutr.
Soc, 69(1), 119-132.

Kessler, J. (1993). Carence en sélénium chez les ruminants:

Mesuresprophylactiques. Rev. Suisse Agric, 25, 21-26.

Khanal, D. R., & Knight, A. P. (2010). Selenium : Its Role in
Livestock Health and Productivity. The Journal of
Agriculture and Environment, 11, 101-106.

Liu, S., Masters, D., Ferguson, M., & Thompson, A. (2014).
Vitamin E status and reproduction in sheep: Potential
implications for Australian sheep production. Animal
Production Science, 54(6), 694-714.
https://doi.org/10.1071/AN13243

Mehdi, Y., & Dufrasne, I. (2016). Selenium in cattle: A review.
Molecules. https://doi.org/10.3390/molecules21040545

Neathery, M. W., Miller, W. J., Gentry, R. P., Crowe, C. T.,
Alfaro, E., Fielding, A. S., ... & Blackmon, D. M. (1987).

Influence of high dietary lead on selenium metabolism in
dairy calves. Journal of dairy science, 70(3), 645-652.

Oldfield, J. E. (1999). Selenium world atlas. Selenium-Tellurium
Development Association, Selenium World Atlas(Belgium),
1999,, 83.

Petrie, H. T., Klassen, L. W., Klassen, P. S., O'Dell, J. R,, &
Kay, H. D. (1989). Selenium and the Immune Response: 2.
Enhancement of Murine Cytotoxic T-Lymphocyte and
Natural Killer Cell Cytotoxicity In Vivo. Journal of
leukocyte biology, 45(3), 215-220.

Ran, L., Wu, X., Shen, X., Zhang, K., Ren, F., & Huang, K.
(2010). Effects of selenium form on blood and milk



The Blue Cross (2020), Volume 16

79

selenium concentrations, milk component and milk fatty
acid composition in dairy cows. Journal of the Science of
Food and Agriculture, 90(13), 2214-2219.

Rengaraj, D., & Hong, Y. H. (2015). Effects of dietary vitamin E
on fertility functions in poultry species. International
Journal of Molecular Sciences, 16(5), 9910-9921.
https://doi.org/10.3390/ijms16059910

Rogers, P. A. M., 1990. Selenium toxicity in farm animals:

Treatment and prevention. Irish Vet J.43:151-153.

Spears, J. W., & Weiss, W. P. (2008). Role of antioxidants and
trace elements in health and immunity of transition dairy
cows. The Veterinary Journal, 176(1), 70-76.



