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Successful animal production requires that farm

duc ed ouĘut, growth retardation. Dietary dęficiencie s

have now become rare, however without vitamin E in
animal feeds they would bęcome apparent in the form
of disturbances of growth and fertiliĘ. In addition to
the known roles of vitamin E as a nutrient in repro-
duction, animal health, its role in product quality has
been rec and beta
carotene stic food
animals irements
by enhancing the immune system and optimising ani-
mal product quality (19). There is also an increased
requirement for dietary tocopherols as dietary ul9atu,
rated fat is increased. However, despite the high level
of supplementation of vitamin E to diets, Iower con-
centrations of this vitamin in tissue and milk was ob-
served (9,14) when diets supplemented unsaturated
fats in ruminants,

The aim of this article is to summarise main effects
of supplemental vitamin E animal tissue concentra-
tions and to review sfudies on vitamin E in tissue con-
centrations special attention to ruminants but in some
cases for monogastric animals reviewed,

Diet

If microbial action in the rumen results in vitamin E
disappearance the increased fermentationrate can be

foundthat 39 to 52oń (depending onthe form, 38Yofor
free form andl1ońfor dl-a-tocopherol acetate) of sup-
plemented vitamin E disappeared before reaching the

Óuodenum, Furthermore, the rate and magnitude of
tocopherol in the
lly lower than that
ns, suggesting that

dosed into the rumen. Indirectly supporting this hypo-
thesis, Rode et al, (40), quantified vitamin A disappe-
aralcęin ruminal fluid from cattle fed concentrate, hay
or straw diets. These authors estimated effective ru-

tect the host from oxidative injury (30). For these

side chain, which are susceptible to reduction in the

anaerobic environment of the rumen because double
bonds are targets forbiohydrogenationby anumber of



ruminal microbes (22),In contrast to vitamin A, the
double bonds of tocopherols are within an aromatic
ring. Aromatic rings are not readily biohydrogenated
or degraded anaerobically under prevailing conditions
and retention times in cattle feeding high-grain diets
(10).

In contrast to the above, Astrup et al. (4) found no
signifi cant disappearance of dl-a-tocopherol during
a24 h in vitro incubation period after feeding fasted
sheep with an alfalfa chaff : oats (1 : 1) diet. These
workers also used rumen contents from animal fed low
quality forage. The microflora from an animal fed
a high-concentrate diet is sufficiently different meta-
bolically from that of an animal fed a high-forage diet
to support the purported ruminal destruction of vita-
min E (28, 40). Leedle et aI. (29) also reported that
vitamin E (atocopherol acetate) was not microbially
degraded, during 24hour in vitro incubation in rumi-
nal contents (pH 4.9-5.7) from concentrate fed animals.
These authors concluded that the results documenting
disappearance are not due to degradation but to inade-
quate extraction methods or prediction of vitamin E
transport, or vitamin E oxidation during collection of
digesta due to lack of adequate protection. Chikunya
et al. (11) also found that vitamin E (as dl-a-tocophe-
ro1 acetate) did not disappear in the rumen and passed
through the duodenum in lambs fed different a-3 PUFA
(polyunsatur ated fatty acids) sources.

Levcl of uiłamin E in dlet

Some researchers reported that the intestiiral absorp-
tion of vitamin E is relatively inefficient, particularly
for large doses in rats (31, 48), Both deficiency and
excess of dietary vitamin E decreased the levels of
lipids and cholesterol in the plasma of rats (48). The
decrease in plasma total lipids was greater than that of
plasma cholesterol in rats fed excess vitamin E, sug-
gesting that other plasma lipid components, such as
triacylglycerols or phospholipids might also be affec-
ted. Goff and Stabel (20) observed low concentrations
of a-tocopherol when plasma lipids were low. Toco-
pherol and B-carotene are transported in the plasma
via lipoproteins (5) anda decreased concentration of
lipoproteins may limit the capacity of plasma for these
nutrients. Reported values by Christie (12) for plasma
total lipids in sheep are between 0.163-0.224 gper
100 ml plasma. Increasing the concentration of lipids
in plasma may increase the concentration of circula-
ting a-tocopherol (47).Increasing dietary levels of vi-
tamin E also might increase both the intestinal absorp-
tion and liver storage of vitamin A in rats (27, 48),
Earlyworkby Dicks et al. (15) demonstratedthatvita-
min A can depress vitamin E utilisation in ruminants.
Yang and Desai (48) concluded that further increases
in dietary vitamin E only increased retention of vita-
min A, which occurred only at certain critical levels of
vitamin A and vitamin E. On the other hand, Hino et
aL (26) showed that high concentrations of vitamin E

inhibited bacterial growth in the rumen. For example,
when 10 mg/L vitamin E were added to 100 mglL of
safflower oil, bacterial growth significantly increased
(from 35 mglLto 45 mglL). But, when 40mglLvita-
min E were added, bacterial growth significantly
decreased (to 15 mglL). However, the combinat-ion of
B-carotene and a-tocopherol (each 5 mg/L) exerted par-
tially additive ęffects (to 55 mglL). The authors sug-
gested that instead of the use of high levels of vitamin
E in ruminant dietś, addition of B-carotene and a-to-
copherol to the ruminant diets may have beneficial
effects on thę growth of rumen rnicrobęs and fibre di-
gestion especially when fats arę supplemented.

Fonn of vitamin E

Because the free form is easily oxidised, more stable
forms such as acetate and succinate esters have been
synthesised (32). The formation of esters to stabilise
vitamin E products against oxidation is necessary for
some types of products. Dudin and Dvinskaya (I7)
reported that when 1.5 g a-tocopherol acetate is intro-
duced into the rumen of 6-months old heifers, a-toco-
pherol acetate was not hydrolysed in the stomach and
entered the small intestine unchanged. These authors
recomrnended that the ratio of free to esterified forms
of a-tocopherol in the diet should be considered in es-
timating vitamin E requirement. The need to convert
ester forms back to a-tocopherol by gastrointestinal
tract esterases before absorption (6, 42) probably
means that onlyunder optimal conditioąs are the ester
fiorms absorbed as wełl as the alcohol forms, several
studies have indicated that there may not be adequate
intestinal esterase activity in ruminants to maximise
the absorption of tocopheryl esters (25,4l). Roquet et
al, (a1) also pointed out that pancreatic lipase which
converts the acetylated forms to free forms acts only
on previously emulsified fats. The fact that aceĘIated
forms of vitamin E require these additional steps may
explain why esterified forms of vitamin E given
directly into the duodenum are so poorly utilised.
Combs (13) indicated the importance of emulsifica-
tion of micelles for a-tocopherol absorption. The for-
mulation of micellized tocopherol supplement, such
as that used by Pumfrey et al. (35), could be expected
to enhance absorption.

Polyunsatutated fatty acid effect
Ruminant meat and milk products can be made more

nutritionally desirable by increasing PUFA, adjusting
the n-3ln-6 PUFA value and controlling trans faĘ acids
and conjugated linoleic acid (CLA) (I4, 45). This is
performed by adding PUFA sources directly or after
processes to animal diets (44). Amounts of PUFAs in
the diet affect ruminants vitamin E requirements (37).
However, medium-chain triglycerides enhance the
absorption process, whereas retinoic acid and long
chain PUFAs may reduce the absorption ofa-tocophe-
ro1. I ong chain PUFAs may also enhance the oxida-



tion of a-tocopherol in vivo (16). When PUFA were
offered together with a-tocopherol, only half of the
a-tocopherol was recovered from the rats given CI8 : 2
n-6, compared to rats offered C18 : I n-9 (2I).
Feeding cod liver oil instead of lard decreased tissue
a-tocopherol concentration and accelerated vitamin E
def,rciency symptoms in rats (21). Gallo-Tones (18)
also showed that increase of the linoleic acid content
in the emulsion led to a greater decrease in tocopherol
absorption of tocopherol to such a point that only 70ń
was absorbed when the emulsion containęd 32oń of
the fatty acids whilst a higher percentage of glyceride
was found to promote a coffespondingly higher ab-
sorption of the vitamin E. These results show that the
presęnce ofthe lipid fraction does reduce significantly
the amount of vitamin E that can pass through the in-
testinal barrier. Gallo-Torres (18) concluded that the
increase inthe lymphatic appearance ofvitaminE when
emulsion contains a glyceride rather than a free fatty
acid, was perhaps related to enhanced chylomicron
formation. It is possible, therefore, that the synthesis
of lipoproteins is a rate-limiting factor in the absorp-
tion and transport of vitamin E. An alternative expla-
nation. which may be more impoftant in ruminants, is
that the presence of monoacylglycerols in the intesti-
nal lumen enhances emulcification and vitamin E ab-
sorption, Their absence from the ruminant intestine
could be a cause of poor vitamin E absorption. Alder-
son et aL (2) speculated that lower vitamin E absorp-
tion with increased PUFA may be due to unsaturated
fatty acids having greater space occupying rbquire-
ments on VLDL than saturated fats.

In the work of of Chikunya et al. (11) the concentra-
tion.of vitamin E in plasma in the current sfudy de-
creased as both the amount and level of polyrrnsafura-
tion in the diet increased with Megalac (containing
palm oil) > Linseed > Linseed plus fish oil mixture. It
is well established that ruminant diets need to be sup-
plemented such that adequate vitamin E is supplied in
relation to their content of polyunsafurated faĘ acids
(36). Putnam and Comben (36) suggested that 3 mg
(3 IU) of vitamin E should be supplied per each gram
of added PUFA. However, the susceptibility of
PUFA s to peroxidation is also related to the number
of double bonds in the long chain PUFA molecules
(33).

§e and gluatation peloxidase

In some cases despite the low vitamin E status (both
plasma and muscle) animals cannot express deficien-
cy signs (14). It could be that other defence mechani-
sms operating in vivo prevent or minimise tissue
damage thus preventing clinical deficiency signs. One
such defence mechanism involves selenium as part of
the glutathione peroxidase and glutathione lipid
hydroperoxide peroxidase, The level of glutathione
peroxidase in tissues depends on the concentration of
selenium in the diet (39) whereas feeding diets low in

a-tocopherol had no effect on level of glutathione per-
oxidase activities (46), When selenium levels in the
diet averaged 1,0 mglkg DM compared to the recom-
mended levels of 0.3 mg/kg DM (3), high selenium
levels may have increased the level of glutathione per-
oxidase enzyme in tissues (14). According to Brzęzin-
ska (7) if the selenium content in feed is less than
0.12 ppm, the Vitamin E supplementation for cows may
not be effective.

Anima!age

Rumen development affects the degree of PUFA
hydrogenation and thus the levels of vitamin E re-
quirements (37). Moreover, in very young ruminants
when the rumen is not fully frrnctioning vitamin E de-
struction by fermentation is not as significant as in the
adult ruminant (34).

Health status

Vitamin E deficient ruminant animals absorb 50-
-750ń of their tocopherol intake whereas normal ani-
mals absorb 20-30% of their tocopherol intake. Ani-
mals receiving an excess of vitamin E absorb only 1-5
of their tocopherol intake (37). Gastrointestinal, dige-
stive or absorptive disturbances affect absorption of
tocopherol, Lipid malabsorption is also associated to
the degree oftocopherol absorption (1, 13). In addi-
tion vitamin E deficiency may be caused as a defect in
the incorporation ofa-tocopherol in lipoprotein secre-
ted by the liver ( 1 6). Other factors include the inherent
or genetically predetermined degree of unsafuration in
the cell membrane and the inherent ability of the sub-
cellular membrane, rrnder attack,to maintain high con-
centrations ofperoxidation antagonists, such as vita-
min E, GSHPx, catalase, etc, within the cell (38).

Gonclusion

when all the observations discussed above are
taken into account, it becomes evident that the di-
gestion-absorption of dietary vitamin E is a complex
biochemical process requiring the normal functioning
rumen and of the small intestine as well as adequate
secretion of the bile and pancreatic lipase. Dysfunc-
tion of one of these negatively affects of absorption
and cause deficiency ofthis vitamin in animal and also
affects distribution of vitamin E in tissues and results
in the loss of nutritionally desirable PUFA and a re-
duction in meat quality. These results show the impor-
tance of muscle vitamin E concentration for animal
health and meat quality.

Refelences
I.Akerib M., Sterner I/.: Inhibition of vitamin E absorption by lipid fraction

Int. J. Vit. Nutr. Res. 1971,4r,42-43.
2 AldersonN. E, MitchellG., LittleC. O,WarnerR E,TuckerR E.: Preinte-

stinal disappearance ofvitamin E in rrrminants. J. Nutr 1971, 101, 655-660
3.Anon : Nationa1 Research Council: Nutrient Requirements of Domestic Ani-

mals: Nutrient Requirement of Sheep. National Academy of Science-Natio-
nal Research Council, Washington, DC 1985



4.Astrup H. N,, Mills S. C , Cook L. J., Scott T D/.: Stability of c-tocopherol in
rumen 1iquor ofthe sheep, Acta Vet. Scand. 1974, 15,45I-453.

5 Bjornson L. K,, Kayden H, J., Miller E., Moshell l N.: The transpor1 of
a-tocopherol? B-carotene in human blood. J. Lipid Res I976, 17,343.

6 Burton G. W, Traber M, G.: Vitamin E: antioxidant activity, biokinetics and
bioavailability. Annu. Rev. Nutr. 1990, 10,3570-3826.

7.Brzezińska E.: Oxidative stress: the protective role of vitamin E and sele-
nium in retained placenta Medycyna Wet. 2003, 59, 382-385.

8 Caravaggi C, Gibbons M. W,, Wright E.: The appearance of tocopherol in
the b1ood of sheep after intramuscular injection ofa-tocopherol acetate. New
ZeaI. J. Agr. Res, 1968, 11, 313-318

9 Charmley E., Nicholson J. łł{ G : Influence ofdietary fat source on oxidative
stability and faĘ acid composition of milk from cows receiving a low or
high level of dietary vitamin E Can. J Anim. Sci. 1994, '74,657-664.

l0.Chesson A., Forsberg C W,: The Rumen Microbial Ecosystem. Elsevier
Applied Science, New York 1988, p. 251.

11.Chilunya S., Demirel G , Sinclair L A., Wlkinson R G , Enser M., Wood J. D.:
Biohydrqgenation ofdietary n-3 poly,unsaturated fatty acids and stability of
ingested vitamin E in the rumen of sheep. Brit J. Nutr. 2004,9I,550-589

12.Christie W. W.: Lipid Mętabolism in Ruminant Animals. Pergamon Press,
Oxford 1981, pp 193

13.Combs F.: Assessment of vitamin E status in animals and man. Proc NutI.
Soc 198l, 40,I87.

l{.Demirel G., Wachira A. M., Sinclair L. A., Wilkinson R G., Wood J. D,
Enser M,: Effects of dietary n-3 pol1.unsaturated fatty acids, breeds and
vitamin E on the faĘ acids of lamb muscle, liver and adipose tissue. Brit
J. Nurr. 2004, C1, 551-565.

l5.Dicks M. W., Rousseau J, R., Eaton H. D , Tbichman R, Grfo A. P, Kem-
merer H. l.: Some interrelationships between vitamin E and vitamin A in
Holstein calves J. Dairy Sci. 1959,4ż,501-511.

16 Drevon C. l.: Absorbtion, transpoft and metabolism of vitamin E. Free Rad.
Res. Comms. 1,99I, 14,229-249.

I7 Dudill V I., Dvinskaya Z. M.: Hydrolysis of a-tocopherol acetate in the sto-

mach of ruminants. Sel'skokhozyaistvennaya Biologiya. l 986, 1 1, 59-6 1.

18 Gallo-Torres 1/.: Studies on the lpnphatic absorption, tissue distribution and

storage of vitamin E. Acta. Agric. Scand 19'73, 19,97-104.
19 Garber M. J., Roeder R. A , Davidson P M., Pumfrey W M,, Schelling G. T.:

Dose response effects of vitamin E supplementation on growth performance,
and meat characteristics in beef and dairy steers. Can. J. Anim. Sci. 1996,

76,63-,72.
20.GoffJ. P, Stąbel J. R.: Decreased plasma retinol, a-tocopherol and zinc con-

centrations during the periparturient period. J DaĘ Sci 1990,13,3195-
-3199.

2L Greełl J., Diplo ck A T., Buny an J., McHale D., Muthy I. R. : Vitamin E stress;

Dietary unsaturated fatty acids stress and metabolism of tocopherol in the

rat, Bdt. J. Nut. 1967, 2l,69-72
22 Harfoot C. G., Hazlewood G P.: The Rumen Microbial Ecosystem Elsevier

Applied Science, New York 1988, p. 285.
23 HidiroglotL M., Jenkins K. J.: Fatę of radiotocopheroi administered into the

gastric system of sheep. Ann. Biol, Anim. Bioch. Biophys. I974, 14, 667

24.Hidiroglou M., Butler G,Ivan M.: Plasma vitamin E response in sheep

dosed intraruminally or intraduodenally with various a-tocopherol com-
pounds, Int. J. Vit, Nutr. Res. 1991, 60, 331.

2l.Hidiroglou M,, Jenkin K, J,, Lessard J. R, Carson R B: Metabolism of
vitamin E in sheep. Brit. J. Nutr. 1970,24,917.

26.Hino T., Andol,L A , Ohgi Ii: Effects of B-carotene and a-tocopherol on
rumen bacteria in the utilisation of long-chain faĘ acids and cellulose. J, Dairy
Sci 1993,76, 600-605.

2'7.Jenkins M. Y, Mitchell G Z: Influence of excess vitamin E on vitamin A
toxicity in rats. J. Nutr 1975, l05, 1600-1606.

28.Latham M. J., Sharp M. E , Sutton J. D : The microbial flora of cows fed hay
and high cereal rations and its re]ationship to the rumen fetmentation. J Appl,
Bacteriology I9'7 7, 44, 402.

29. Leedle R A, Leedle A Z., Butine M. D.: Vitamin E is not degraded by rumi-
nal microorganisms: Assessment with ruminal contents from steer fed a high
concentrate diet. J. Anim. Sci. 1993, '7I,3442-3450.

30.Linder,ĄZ C.: Nutritional Biochemistry and Metabolisrn. Elsevier Science
Publishers, New York 1985.

3I.Losowslql M. S., Kelleher J., Walker B. E., Davies T., Smith C I.: Intake and
absorption oftocopherol. Arrn. N Y. Acad. Sci. 19'72,203,2Iż-222

32.McDowell L R.: Vitamins in Anima1 and Human Nutrition, Iowa State Uni-
versiĘ Press, Ames 2000.

33.McMurray C H., Rice D A.:Yitamin E and selenium deflciency diseases.
Irish Vet. J . 1982, 36, 5'7 -67 .

34 Oksanen H. E.: Aspects of vitamin E deficiency of in ruminants. Acta Agric.
Scand. 1971, 1,9, 22-28.

35.PumJrey W M., Deyonge K. G, Slusark J. A., Garber M. J., Roeder R A,
Sanchez W. K., Shelling G Z.: Absorption of various forms of vitamin E
form the digestive hact and transfer across the mammary gJand in lactating
dairy cows, J. Anim. Sci. 1993, 71,256 (abs).

36.Putnam M. E., Comben M: Mtamin E Vet. Rec 1987, 121, 54I-545.
37.Rammell C G, Thompson K. G, Bentley G, R., Gibbons M. I/.: Selenium,

vitamin E and pol1unsaturated fatty acid concentration in goat kids with and

without nuffitional myodegeneration. N. Z Vet. J. 1989, 37, 4-6
38. Rice D A., Kennedy,S.: Recent advances in our understanding of vitamin E

and selenium. Basle: Hoffman-La Roche 1982.

39.Rice D A., Kennedy,S.: Vitamin E function and effects of deficiency. Brit
Vet. J. l988, l44,482-495.

40.Rode L M., Mcalliste T. A , Cheng K. -/.: Microbial degradation of vitamin A
in rumen fluid from steers fed concentrate, hay or straw diets Can. J. Anim.
Sci. 1990,70,22T-233.

4L Roquet J,, Nockels C F.; P apas A. M.: Cattle blood plasma and red blood ce1l

a-tocophelol levels in response to different chemical forms and routes of
administration of vitamin E, J. Anim Sci. 1992, 70,2542-2550.

42.Schelling G T., Roede R. A, Garber M. J., Pumfrey W M.:Bioavallablltty
and interaction of vitamin A and vitamin E in ruminants. J. Nutr 1995, 125,

1 799- 1 803.
43.Shin I. S, Owens,E N.: Ruminal and intestinal disappearance of several

sources of vitamin E J. Anim, Sci. 1990, 68, 544 (Abst).
44.Wachira A., Sinclair L A , Wilkinson R, Enser M., Wood J. D., Fisher A V.:

Effects of dietary fat source and breed on the carcass composition n-3 poly-
unsaturated faĘ acid and conjugated linoleic acid content of sheepmeat and
adipose tissue. Brit. J, Nutr. 2002, 88, 69'7-709.

45 Wood J. D , Richardson R. I., Nule G. R., Fisher A. V, Campo M. M., Kasa,
pidou Sheard P. R., Enser M.,. Effects of faĘ acids on meat quality: a review.
Meat Sci. 2003, 66,2I-32.

46.Wąlsh D. M., Kennedy D G., Goodal E. A , Kennedy S.-. Antioxidant enzyme
activity in muscles of calves depleted ofvitamin E or selenium or both. Brit.
J. Nut l9q3,70, ó21-6]0.

4'7.Weiss W P, Smilh K. L , Hogan J, S., Steiner T, E.: Effęct of forage to con-
centrate ratio on disappearance of vitamins A and E during in vitro rumina1

fermentation J. Dairy Sci 1995, 18, 1837-1842.
48.Yang N. Y. J., Desai I. D.: Effects of high levels of dietary vitamin E and 1iver

and plasma lipids and fat-soluble vitamins in rats. J. Nutr 1977, 107, 1418-

-I426.

Author's Address: Dr. Gu|can Demirel, Istanbul UniversiĘ Facu|Ę of
Veterinary Medicine, 34320 Istanbul-Turkey; e-mail : gdemirel@istanbul.
edu.tr

ASTORGA R., ARENAS A., TARRADAS C.,
MOZOS E., ZAFRA R., PEREZ J.: Ognisko nad-
ostrej posocznicowej po§taci salmonellozy u koni
zw iązane z r ów no cze s nym zakażeniem S a l m o n e l l a
Enteritidis i Mucor.qp. (Outbreak of peracute §epti-
caemic salmonellosis in horses a§§ociated with con-
current Salmonellu Enteritidis and, Mucor specie§
infection). Vet. Rec. I55,240-242,2004 (8)

W stadninie koni w Sewilli liczącej 45 zvłierząt w październiku u 9 koni
wystąliła gorącżka (41'C), utrata łaknienia, biegunka, bóie brzucha, niechęć do
poruszania się i powiększenie obwodowych węzłów chłonnych Nie uzyskano
polepszenia stanu zdrowia po zastosowaniu interprimu w dawce 30 mglkgldzień
i cefaloksyny w dawce 10 mglkgldzień. Wszystkie chore konie padĘ w ciągu
2-4 dni. Badanie zwłok 18-miesięcznego źrebięcia na Wydziale Weterynaryj-
n}łn w Kordobi e .vqvkazńo owrzodzenie okrężnicy i jelita ślepego. Śluzówka
jelit była przeknłiona i obrzękła, a wybroczl,ny wystpowĄ pod otrzewną opłuc-
ną torebką śledziony i w gardzieli, na osierdziu i wsierdziu. Płuca byĘ prze-

krwione i obrzękłe. W preparatach sporządzonych z oskrzeli wystąlowaĘ strzępki
grzybni Mucor sp i bakterie Gram-ujemne, które zidentyfikowano jako Salłło-
nella Enteritidis (profr1 9,12:g.m) typ fagowy 21. Wyizolowany szczep bakterii
był wrażliwy na ampicylinę, tetracyklinę, trimetoprim-sulfametoksazol, sulfo-
namidy, enrofloksacynę, ceftiofur i florofenikol. 
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