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Introduction 

Vitamin E supplementation of several animal species 
has increased their immunocompetence and mitigated 
their decreased production brought on by stress. The 
dietary level of vitamin E needed for increasing either dis
ease or stress resistance appears to be greater than that 
required for growth and reproduction. These latter two 
responses are generally used as the criteria for determin
ing the requirement of a nutrient. In stress and disease 
there is an increase in production of glucocorticoids, 
epinephrine, eicosanoids, and phagocytic activity. 
Eicosanoid and corticoid synthesis and phagocytic respira
tory burst are prominent producers of free radicals which 
challenge the animal's antioxidant systems. Due to a 
number of factors, the antioxidant vitamin E status of an 
animal may be marginal or deficient prior to and/or after 
stress and disease. Since vitamin E status is integral to an 
animal's health and productivity, then it is imperative to 
be able to determine this status. Current research with 
cattle suggests that serum vitamin E levels may not be 
useful in defining its adequacy, but the red blood cell 
vitamin E content may be. 

Stress 

Stressed animals are at greater risk from infection than 
nonstressed animals because of an impaired immune re
sponse. Animal response to stress is expressed by the in
creased production and release of several hormones, neu
rotransmitters, and eicosanoids.16 Glucocorticoids, 
epinephrine and some prostaglandins are associated with 
inhibition of mature, differentiated lymphocyte function.16 

The immunosuppressive effects of glucocorticoids in 
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stress are probably the most studied.25 The protective 
effects of vitamin E44 on health may partially be a result of 
reducing circulating levels of glucocorticoids.10,52 Vita
min E may also have an immunoenhancing effect by 
altering eicosanoid metabolism. Under stress conditions 
immune cell function is adversely affected by increased 
eicosanoid levels arising from endogenous synthesis and 
exogenous entry.26 Eicosanoids are prostaglandins, 
thromboxanes, and leukotrienes which arise from mem
brane bound arachidonic acid. Various stimuli, including 
epinephrine, activate phospholipase A which frees arachi
donate from membrane phospholipids. The arachadonate 
may be converted to prostaglandins and thromboxanes via 
the cyclooxygenase pathway or to leukotriene synthesis by 
the lipoxygenase system.42 The amount of arachidonate 
available for eicosanoid synthesis may be a function of the 
level of the dietary essential fatty acids linoleic and 
linolenic acids. In the synthesis of eicosanoids free radical 
production occurs and is discussed below. The production 
of prostaglandin E2, a known T lymphocyte suppressing 
agent, was decreased bYi vitamin E during infect~on and 
may explain how the vitamin enhanced antibody produc
tion33 and reduced mastitis in dairy cows.59 Vitamin E 
content of milk and blood were inversely related to 
prostaglandin and thromboxane levels in these tissues in 
cows with mas ti tis. 6 

Oxidative Damage 

Highly reactive oxygen-containing molecules such as 
free radicals and hydrogen peroxide are normal metabolic 
products generated via certain enzymes such as oxidases, 
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cyclooxygenases, lipoxygenases, dehydrogenases and per
oxidases,35 and by the action of metal ions and xenobi
otics.56 A few of the free radicals produced are superoxide 
(Oi), hydroxyl radical (HO·), and peroxy radical (ROO·) 
as well as hydrogen peroxide (H2O2) which is not a free 
radical. The enzymes genera ting these reactive oxygen 
molecules are located within membranes (plasma, mito
chondrial, endoplasmic reticulum and nuclear), within the 
aqueous regions of the cell (including peroxisomes), and 
in phagocytes.61 Uncontrolled production or decreased 
quenching of these free radicals results in cell death. Free 
radicals can result in disruption of membrane integrity, 
eicosanoid synthesis, protein function, DNA structure and 
energy production. They may damage not only the cell 
which produced them, but also diffuse out and damage 
adjoining cells.22 

Free radical and hydrogen peroxide levels are con
trolled in the cell by antioxidants and metalloenzymes.22 

The lipid soluble antioxidants such as vitamin E,8 vitamin 
A,31 and carotenoids12 are localized in membranes and 
protect them by quenching the free radicals. 

In the lipid portion of membranes the absence of ade-. 
quate vitamin E may allow free radicals to cause a chain 
reaction of free radical production in the polyunsaturated 
fatty acids located there. Disruption of the cellular mem
brane may allow leakage of cellular contents, such as 
enzymes like creatine kinase from muscle cells, into the 
plasma. 

Vitamin E Improves Stress and Disease 
Resistance in Cattle 

A number of investigations have shown that both dairy 
and beef calves are born with tocopherol levels less than 
0.2 mg a-tocopherol/dl plasma 15,50,5l,46 which may be 
considered deficient.1 The administration of vitamin E to 
calves increased lymphocyte stimulation to mitogens and 
immunoglobulin levels in serum while decreasing serum 
IBR viral replication and creatine kinase, a preclinical 
indicator of muscular dystrophy. 50,51 Subsequent experi
ments again demonstrated that vitamin E administration 
to calves increased immune response and weight gain 
while decreasing plasma cortisol and the presence of 
enzymes of muscle origin.52,53 

This depression in the stress responsive hormone cor
tisol by vitamin E may help explain the improved gain and 
feed efficiency of stressed beef calves (250 kg) fed 450 IU 
supplemental vitamin E daily in their feedlot receiving 
diet.34 However, feeding 200 IU vitamin E per head daily 
to heavier steers (366 kg) entering the feedlot did not 
increase performance.13 Yearling cattle did not evidence 
a gain response when fed 50, 100 or 300 IU/head/day com
pared to controls until 0.1 ppm Se was supplemented.30 

Adding Se to the diets of cattle getting 100 or 200 
IU/head/day of vitamin E increased (P<.05) gains relative 
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to nonsupplemented controls during the first 28 days. In 
another study, newly arrived stressed feeder cattle were 
fed either O or 1600 IU vitamin E per kg diet.24 The cattle 
fed vitamin E gained 22.2% faster (P<.05), had 11.7% less 
morbidity and 12.5% fewer sick days compared to 
controls. 

Two trials were conducted with newly arrived feedlot 
calves38 in which vitamin E was either injected or fed. In 
the first trial vitamin E was injected intramuscularly at 0, 
1250 or 2500 IU. The initial plasma a-tocopherol was .62 
~ll.g/dl, which fell to .36 mg/di in the control and to .34 
mg/di in the 2500 IU injected cattle 28 days later. No 
effect of vitamin E administration on gain was found. In 
the second trial, cattle were allotted to four treatments; 1) 
no vitamin E, 2) 2500 IU vitamin E injected IM, 3) 1000 
IU vitamin E fed/head/day or 4) both injected and fed 
vitamin E. Average daily gain was not influenced in 28 
days by vitamin E supplementation, and initial vitamin E 
plasma levels of .68 in all groups dropped in 28 days to .34, 
.26, .48, and .48 in treatments 1, 2, 3, and 4, respectively. 

Steers treated with 25 mg Se, 340 IU vitamin E, or 25 
mg Se plus 340 IU vitamin E relative to controls after 
arrival, or the combination of vitamin E and Se 14 days 
prior to shipping and again on arrival did not evidence any 
improvement in health or performance.20 The Se-vitamin 
E combination gave increased serum IgG titers to P. 
hemolytica. Doubling the vitamin E plus Se levels did not 
affect performance or days sick but linearly increased 
antibody titers. 

Vitamin E supplementation was not effective in eli-
citing an improved growth or feed conversion response in 
some of the above trials. This discrepancy in response to 
vitamin E may have been because the cattle were inade
quate in dietary Se or other minerals needed in metalloen
zymes necessary in reducing reactive oxygen compounds. 
Or it may be that they were already adequate in vitamin E, 
they received insufficient stress, or that inadequate vita
min E was administered during recovery from · stress and 
disease. 

Dietary and Physiological Factors Increasing 
the Need for Vitamin E 

In trying to determine the supplemental level of vita
min E needed for optimal production and disease resis
tance, several factors which increase the need of the vita
min need to be considered. These factors are labelled ei
ther dietary or physiological, and are presented in Table 1. 

A vitamin E deficiency was reported to occur in chick
ens and rats following nitrite ingestion.7 Since nitrate is 
rapidly reduced to nitrite in the rumen, nitrite could affect 
vitamin E nutriture in ruminants. High vitamin A intake 
has also been found to reduce tissue vitamin E content in 
calves.18 

Dietary polyunsaturated fatty acids (PUFA) may 
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TABLE 1. Factors increasing an animal's need for 
vitamin E. 

A. Dietary 

1. Nitrites 
2. High vitamin A 
3. High polyunsaturated fatty acids 
4. Propionic acid or sodium hydroxide preser-

vatives 
5. High grain diets for ruminants 
6. Chemical form 
7. Low levels of other antioxidants 
8. Low levels of Cu, Mn, Zn, Se, Fe 

B. Physiological 

1. Rapid growth 
2. Stress 
3. Exercise 
4. Pregnancy 
5. Pathogenic disease 
6. Adipose tissue 
7. Low vitamin C 
8. Product production 

increase the vitamin E requirement by two different 
mechanisms. First, PUFA's impair vitamin E absorp
tion23 and secondly, more E is required to control peroxi
dation of these fatty acids in tissues.19 Polyunsaturated 
fatty acids rise to quite high levels in young growing 
grasses.40 They are apparently protected in the grass from 
hydrogenation in the rumen, and give rise to high plasma 
levels of linoleic and linolenic acids in cattle. 41,5 If young 
cattle are deficient in selenium and vitamin E, and then 
consume PUFA's in grass and are stressed or exercised, 
muscle myopathy results5,54,14,40,4 presumably from the 
free radical-induced peroxidation of the muscle cell mem
branes. Other tissue membranes probably also suffer per
oxidation. Recent research demonstrated that muscle 
PUFA content was greater in cattle fed grain-on-grass 
than fed a high grain diet in confinement.32 More infor
mation regarding types of feed which may bypass their 
unsaturated fatty acids through the rumen and increase 
the need for vitamin E needs to be ascertained. 

Further factors increasing the need for vitamin E have 
been reported. Preservatives such as propionic acid or 
sodium hydroxide were found to destroy the a-tocopherol 
in grains within a matter of weeks.55 Rumen destruction 
of vitamin Eby the microflora was found to increase as 
the corn content of the ration increased. 3 The chemical 
form of vitamin E which has the greatest biological activ
ity to the animal is a-tocopherol. However, plants contain 
several other isomers of the vitamin which have little or 
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no activity. More recent vitamin E assays using HPLC has 
elucidated that much less a-tocopherol is present than 
formerly reported (Table 2). This also implies that cattle 
are frequently receiving insufficient dietary a-tocopherol. 

TABLE 2. Alpha tocopherol content of feed stuffs 
(IU/kg). 

HPLC HPLC/ 
USAa Canb NRC NRC (%) 

Corn 19 6 30 63-21 
Barley 12 30 40 
Wheat 15 19 79 
Milo 8 15 54 
Alfalfa hay 45 78 58 
Corn silage 18 12 

aAdams, 1982 
bHarvey and Bieber-Wlaschny, 1988 

Furthermore, it appears that when supplementing the 
vitamin, the alcohol form of tocopherol is better absorbed 
by calves than the tocopheryl ester.52 This response was 
substantiated by Hidiroglou et al., (1988). Plasma and tis
sue a-tocopherol concentrations were compared in beef 
cattle following oral supplementation of dl-a-tocopherol, 
d-a-tocopherol, dl-a-tocopheryl acetate or d-a-tocopheryl 
acetate. Pla~ma tocopherol concentration was most 
rapidly increased by d-a-tocopherol followed in decreasing 
order by d-a-tocopheryl acetate, dl-a-tocopherol, and dl
a-tocopheryl acetate. In the adrenal, kidney, liver and 
lung, a-tocopherol concentrations were higher if the ani
mal was supplemented with d-a-tocopherol rather than dl
a-tocopherol. 

The need for vitamin E may also be increased if other 
antioxidants such as carotenoids, which could spare vita
min E in membranes, are deficient.12 The adequacy of 
elements needed in enzymes for removal of free radicals 
may also affect vitamin antioxidant status. It's been 
reported that a deficiency of selenium increased vitamin E 
utilization,21 whereas, selenium supplementation spared 
vitamin E.58 Although little information is available 
concerning the adequacy of copper, manganese, zinc and 
iron in metalloenzyme systems which rid the cell of free 
radicals and hydrogen peroxide, it would seem that their 
deficiency would increase the vitamin E required. 

Now lets consider some of the physiological factors 
which increase the need for vitamin E. A primary func
tion of a-tocopherol is as an antioxidant of lipids. Reac
tions promoting oxidation of lipids, as in the phospholipid 
portion of cellular membranes, will increase the utiliza-
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tion of the vitamin. Some of the most powerful oxidants 
produced are free radicals and hydrogen peroxide. Young, 
rapidly growing animals are building tissue which has a 
high energy requirement. There are a number of systems 
which generate free radicals, and one such system may 
arise in the production of energy. Free radicals such as 
superoxide anion (Oz'-) and hydroxyl radical (HO·) may 
be produced by the mitochondrial respiratory chain. 
Superoxide dismutases containing copper and zinc or 
manganese scavenge the superoxide anion and convert 
two of the radicals into hydrogen peroxide. Hydrogen 
peroxide may be scavenged by iron-containing catalase or 
peroxidase to yield water, or reduced by selenium-con
taining glutathione peroxidase.60 

In stress, free radical production from the adrenal 
microsomal cytochrome P-450 monooxygenase system is 
increased in the synthesis of glucocorticoids.29 Also in 
stress, epinephrine may increase free radical production 
by increasing nutrient availability needed in energy pro
duction. Epinephrine also increases phospholipase A2 
activity which increases arachidonate release and peroxide 
and free radical production concomitant with eicosanoid 
synthesis. Vitamin E may be used in this system to pre
vent oxidation and the synthesis of certain pros
taglandins.33 Basically, when metabolism is increased in 
response to growth, stress or exercise, free radical pro
duction may be increased, thereby increasing the need for 
antioxidants. 

Research has demonstrated that there is an increased 
free radical production in muscle and liver of rats exer
cised to exhaustion.17 Rats made vitamin E deficient but 
not exercised had free radical concentrations, lipid peroxi
dation, and sarcoplasmic reticulum, endoplamsic reticu
lum and mitochondrial damage similar to exercise 
exhausted rats. It was also found that vitamin E was 
depleted in skeletal muscle and liver of rats that were 
being endurance trained.2 Lipid peroxidation .in nuclei 
and microsomes from rats fed 400 IU vitamin E/kg diet 
was reduced relative to controls fed 40 IU, and deficients 
fed less than 1 IU/kg.49 

Another instance when supplemental vitamin E may 
be beneficial is during pregnancy. Both pregnant humans 
and rats have been reported to have increased serum 
lipoperoxides.62 Pregnant rats fed adequate vitamin E 
showed increased blood lipoperoxides relative to non
pregnant ones. When the pregnant rats were fed a vitamin 
E deficient diet, blood lipoperoxides were also increased 
by the vitamin deficiency. The authors postulated that the 
increased metabolic demands due to fetal growth 
increased free radical production, and levels were pro
duced which exceeded antioxidant quenching and free 
radical catabolizing systems. 

I am unaware of published free radical levels in preg
nant cows, calf fetuses or neonatal calves. However, 
knowing that calves have low vitamin E levels at birth, it 
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seems that free radical levels might become quite high, at 
least in the rapidly growing fetus. 

Another source of free radicals is the phagocyte which 
produces them to destroy particles it has ingested.11 

Vitamin E is needed by the phagocyte to protect its mem
branes from damage by its own free radical production, 
and is also needed by adjacent tissue which may be the re
cipient of free radicals exiting the phagocyte. Pathogeni
cally induced diseases thereby increase the need for vita
min E. 

A phenomena which may increase the vitamin E 
requirement of an animal is its total adipose tissue. In 
studies with rats given vitamin E, adipose tissue was sec
ond to liver in its rate of accumulating the vitamin.37 

Large adipose stores may compete for most of the vitamin 
E consumed. Furthermore, vitamin E, once in adipose tis
sue of rats, was slowly released upon vitamin E deple
tion. 37 This finding of low availability of adipose vitamin 
E substantiated earlier work done with guinea pigs.36 

Guinea pigs had been fed a vitamin E deficient diet but, 
while other tissues became depleted, there was little 
change in adipose levels even when muscle myopathy 
occurred. Perhaps fattening cattle may become vitamin E 
deficient not only from reduced feed levels and greater 
rumen destruction, but also from competition from its 
own fat stores. 

Vitamin C has been shown to scavenge free radicals 
and to reduce oxidized vitamin E at its own ex
pense.48,39,43 Ruminants depend upon their own liver 
synthesis of vitamin C, as it is destroyed in the rumen. 
Cattle, and in particular young calves, may not have suffi
cient vitamin C synthesis during stress and disease to 
reduce oxidized vitamin E for reutilization. 45 

Certainly the vitamin E requirement is increased when 
a product such as milk is produced. Energy production 
may increase concurrent free radical levels and the vitamin 
may be lost from the body in the product. 

How Should the Vitamin E Status be Assessed? 

In order to provide sufficient vitamin E for optimal 
growth, reproduction, and health, the vitamin E status of 
the animal must be assessed relative to these parameters. 
Adams (1982) reported that, based on other researcher's _ 
findings, clinically diagnostic signs of vitamin E deficiency 
appeared in cattle with levels of less that 0.2 mg a-toco
pherol/dl plasma and that an adequate level was above 0.4 
mg a-tocopherol/dl. However, the plasma level of a-toco
pherol which might indicate that the animal would have 
improved stress and disease resistance appears to be 
highly variable according to the studies just presented. 
How then do we know what the vitamin E status of the 
animal is? Plasma a-tocopherol may be determined, but 
does this vitamin in transport reflect tissue levels? Rumi
nant vitamin E plasma levels may not reflect vitamin E 
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status57 and may have limited value for diagnosing vitamin 
E deficiency.9,15 

An experiment was initiated in our laboratory to 
determine if plasma vitamin E of newly arrived feeder cat
tle was affected by supplementing 1000 IU dl-a-tocopheryl 
acetate/head/day, and if the plasma level reflected the 
vitamin level in red flood cells and neutrophils. 46 These 
two cell types were readily accessible and contain vitamin 
E in their membranes which should reflect that in other 
tissues. Blood was collected from 15 head after arrival at 
the feedyard and weekly thereafter for four weeks. Plasma 
red blood cells (RBC) and neutrophils were analyzed for 
a-tocopherol by high performance liquid chromatography 
(HPLC) by Hoffmann-LaRoche Inc., Nutley, New Jersey 
and the results are reported in Table 3. 

The results indicated that plasma vitamin E decreased 
(P<0.05) after the first week, gradually rose and at 4 
weeks was higher (P<0.05) than the initial level. This ini
tial decline in serum vitamin E one week after transport 
and handling stress was also reported by Droke and 
Loerch, 1989. Vitamin E was below accurate levels of 
detection in both the RBC and neutrophils until weeks 3 
and 4 of vitamin supplementation. If these blood cell lev
els represent other tissue levels such as muscle in the ani
mal, then plasma tocopherol values may not indicate ani
mal status as much as dietary intake. 

In order to determine if RBC and/or neutrophils might 
better reflect vitamin E tissue status than plasma levels, 

TABLE 3. Alpha tocopherol levels of blood con-
stituents from cattle. 

Plasma RBC Neutrophils 
Week mg/di mg/100 ml1 µ,g/109 cells 

0 .433bc2 <.0053 <.005 
1 .327d <.005 <.005 
2 .336cd <.005 <.005 
3 .500b .039 (10)4 1.54 (5) 
4 .633a .017 (14) 2.89 (15) 

I 

· 1Corrected to blood containing a 40% hematocrit. 
2Numbers followed by different small letters are differ

ent (P<0.05). 
3Below accurate levels of detection. 
4Number of samples in which vitamin E could be mea-
sured is in parentheses. 

vitamin E was injected into cattle.47 Six heifers with an 
average weight of 340 kg were bled from the jugular vein 
on days 1, 2, 3, 6, 9, and 10. Three thousand IU of vitamin 
E (dl-a-tocopheryl acetate) was injected intramuscularly 
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on days 3, 6 and 9 following blood sampling. Neutrophils, 
RBC, and plasma were analyzed for vitamin E by HPLC in 
Dr. Craits laboratory, Oregon State University, Corvallis, 
OR. The results are shown in Table 4. 

TABLE 4. Alpha tocopherol levels of blood con
stituents from cattle prior to and after dl-a-tocopheryl 
acetate injection. 

Plasma RBC Neutrophils 
Days mg/di mg/100m1 µ,g/1 o9cells 

1 .362 .014 A2 .295 
2 .348 .014A .294 
3 .361 .014A .183 
6 .361 .011 AB .238 
9 .328 .008 BC .240 

10 .333 .005 C .190 

1Corrected to blood containing a 40% hematocrit. 
2Numbers followed by different capital letters are dif
ferent (P<O.003). 

Plasma vitamin E levels were unaffected by vitamin E 
injections. The vitamin E ester appeared to be an unus
able form of the vitamin, as there is probably no esterase 
in the liver to convert it to a-tocopherol. It is the alcohol 
form that is used by the tissues. While plasma vitamin E 
levels remained unchanged, a significant decrease 
(P<0.003) in RBC levels occurred from days 3 to 10. 
Neutrophils exhibited brief decreases in their levels of the 
vitamin. 

The stress of handling and bleeding the cattle may 
increase tissue free radical and H20 2 production. As 
antioxidant defenses in these tissues are used to scavenge 
or reduce these oxidants, vitamin E may be depleted and 
lipoperoxides may exit into the circulation. In the circula
tion lipoperoxides may increase peroxidation of other cell 
membranes and lead to reduced antioxidant levels of 
vitamin E. Thus RBC vitamin E levels may be a good 
indirect indicator of vitamin E status of tissues. Neu
trophils may also have their vitamin E content reduced by 
lipoperoxides, but since their turnover (2-3 days) is so 
rapid it is difficult to assess a significant change in their 
vitamin level. While there were no nonstressed cattle bled 
as controls, the results suggest that even the stress of 
bleeding and handling is sufficient to reduce RBC vitamin 
E levels. 

Further research is being conducted to determine the 
effects of stress on lipoperoxide levels and vitamin E uti
lization in cattle. 
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Summary 

There is no longer a question as to the ability of vita
min E, when supplemented at an adequate level, to 
increase the immune response of cattle if antioxidant sta
tus has been reduced. The question remains of how much 
vitamin E is enough to produce this desired effect. An 
attempt has been made in this paper to discuss some of 
the dietary and physiological factors which increase the 
animals need for vitamin E. Many of these phenomena 
are not yet well understood and need much more research 
before a requirement for vitamin E can be established 
which will increase the animal's disease and stress resis
tance. The animal's tocopherol status needs to be 
identified through its measurement in some easily ob
tained sample and correlated with the level which provides 
enhanced stress and disease protection. 

References 

1. Adams, C.R. 1982. Feedlot cattle need supplemental vitamin E. 
Feedstuffs, May 3, pages 24-25. 2. Aikawa, K.M., AT. Quintanilha, B.O. 
de Lumen, G.A Brooks and L. Parker. 1984. Exercise endurance 
training alters vitamin E tissue levels and red cell hemolysis in rodents. 
Biosci. Rep. 4:253-257. 3. Alderson, N.E., G.E. Mitchell, Jr., C.O. Little, 
R.E. Warner and RE. Tucker. 1971. Preintestinal disappearance of 
vitamin E in ruminants. J. Nutr. 655-660. 4. Allen, W.M., R. Bradley, S. 
Berrett, W.H. Parr, K. Swannack, C.R.Q. Barton and A Macphee. 1975. 
Degenerative myopathy with myoglobinuria in yearling cattle. Br. Vet. J. 
131:292-308. 5. Arthur, J.R. 1988. Effects of selenium and vitamin E 
status on plasma creatine kinase activity in calves. J. Nutr. 118:747-755. 
6. Atroshi, R., J. Tyopponen, S. Sankari, R. Kangasniemi and J. Paran
tainen. 1986. Possible roles of vitamin E and glutathionine metabolism 
in bovine mastitis. Internal. J. Vet. Nutr. Res. 57:37-43. 7. Bauernfeind, 
J. 1980. Tocopherols in foods. fu: L.J. Machlin (ed), ''Vitamin E. A 
Comprehensive Treatise" New York, Marcel Dekker, pp 99-108. 8. Bieri, 
J.G. 1984. Vitamin E fu: Present Knowledge in Nutrition. ed. 5 
Washington. The Nutrition Foundation pp 226-240. 9. Blaxter, K.L. 
1962. Vitamin E in health and disease of cattle and sheep. fu: R.S. 
Harris and I.G. Wool, eds. Vol. 20 ''Vitamins and Hormones." Academic 
Press, New York pp 633-657. 10. Bonnette, E.D. and E.T. Kornegay. 
1987. Influence of supplemental vitamin E and weaning age on 
performance, humoral antibody production and serum cortisol levels of 
pigs. 1986-87 Virginia Tech Livestock Research Report. Animal Science 
Research Report No. 6. Virginia Polytechnic Institute and State 
University, Blacksburg, VA pp 104-106. 11. Breazile, J.E. 1988. The 
physiology of stress and it relationship to mechanisms of disease and 
therapeutics. fu: J.L. Howard, ed., ''The Veterinary Clinics of North 
America: Food Animal Practice," Vol. 4, No. 3., Stress and Disease 
Cattle, W.B. Sanders Co., Philadelphia, pp 441-480. 12. Burton, G.W. 
and K. V. Ingold. 1984. Beta-carotene: An unusual type of lipid 
antioxidant. Sci. 224:569-573. 13. Carrica, J.M., RT. Brandt and R.W. 
Lee. 1986. Influence of vitamin Eon feedlot performance and carcass 
traits of beef steers fed either lasalocid or monensin. J. An. Sci. 63:422. 
(Suppl. 1) 14. Chalmers, G.A., M.K. Decaire, CJ. Zackar and M.W. 
Barrett. 1979. Myopathy and myoglobinurea in feedlot cattle. Can. Vet. 
J. 20:105-108. 15. Cipriano, J.E., J.L. Morrill and N.V. Anderson. 1982. 
Effect of dietary vitamin Eon immune responses of calves. J. Dairy Sci. 
65:2357-2365. 16. Coffey, R.G. and J.W. Hadden. 1985. Neurotransmit
ters, hormones, and cyclic nucleotides in lymphocyte regulation. Fed. 

148 

Proc. 44:112-117. 17. Davies, K.J.A., AT. Quintanilha, G.A Brooks and 
L. Packer. 1982. Free radicals and tissue damage produced by exercise. 
Biochem. Biophys. Res. Com. 107:1198-1205. 18. Dicks, M.W., J.E. 
Rousseau, H.D. Easton, R. Teichman, AP. Grifo and H.A Kenmerer. 
1959. Some interrelationships between vitamin E and vitamin A in 
Holstein calves. J. Dairy Sci. 42:501-511. 19. Draper, H.H. 1980. 
Nutrient interrelationships. fu: L.J. Machlin (ed). ''Vitamin E. A 
Comprehensive Treatise" New York: Marcel Dekker, pp. 272-288. 20. 
Droke, E.A. and S.C. Loerch. 1989. Effects of parenteral selenium and 
vitamin E on performance, health and humoral immune response of 
steers new to the feedlot environment. J. Anim. Sci. 67:1350-1359. 21. 
Fischer, W.C. and P.O. Whanger. 1977. Effects of selenium deficiency 
on vitamin E metabolism in rats. J. Nutr. Sci. Vitaminol 23:273-280. 22. 
Freeman, B.A and J.D. Crapo. 1982. Biology of disease free radicals 
and tissue injury. Lab. Invest. 47:412-426. 23. Gallo-Torres, H.E. 1980. 
Transport and metabolism. fu: L.J. Machlin (ed), ''Vitamin E. A 
Comprehensive Treatise." New York: Marcel Dekker, pp 193-267. 24. 
Gill, D.R., RA Smith, RB. Hicks and R.L. Ball. 1986. The effect of 
vitamin E supplementation on health and performance of newly arrived 
stocker cattle. Animal Science Research Report MP-118. Oklahoma 
State University, Stillwater, 1986. pp 240-243. 25. Golub, M.S. and M.E. 
Gershwin. 1985. Stress-induced immunomodulation: What is it, if it is? 
fu: Animal Stress. Gary P. Moberg (ed.) Am. J. Physiol. Soc. Bethesda, 
MD. pp. 177-192. 26. Hadden, J.W. 1987. Neuroendocrine modulation 
of the thymus-dependent immune system. Ann. N.Y. Acad. Sci. 4%-39-
48. 27. Harvey, J.D. and M. Bieber-Wlaschny. 1988. Vitamin E 
availability to livestock varies dramatically. Feedstuffs, March 21, pages 
15-17. 28. Hidiroglou, N., L.F. Laflamme and L.R. McDowell. 1988. 
Blood plasma and tissue concentrations of vitamin E in beef cattle as 
influenced by supplementation of various tocopherol compounds. J. 
Anim. Sci. 66:3227-3234. 29. Hornsby, P J. and J.F. Crivello. 1983. The 
role of lipid peroxidation and biological antioxidants in the function of 
the adrenal cortex. Part 2. Molecular and Cellular Endocrin. 30:123-
147. 30. Hutcheson, D.P. and N.A Cole. 1985. Vitamin E and selenium 
for yearling feedlot cattle. Fed. Proc. 44:549. 31. Kartha, V.N.R. and S. 
Krishnamurthy. 1977. Antioxidant function of vitamin A Internat. J. 
Vit. Nutr. Res. 47:394-401. 32. Larick, D.K. and B.E. Turner. 1989. 
Influence of finishing diet on the phospholipid composition and fatty acid 
profile of individual phospholipids in lean muscle of beef cattle. J. Anim. 
Sci. 67:2282-2293. 33. Lawrence, L.M., M.M. Mathias, C.F. Nockels and 
R.P. Tengerdy. 1985. The effect of vitamin Eon protaglandin levels in 
the immune organs of chicks during the course of an g. coli infection. 
Nutr. Res. 5:497-509. 34. Lee, R.W., R.L. Stuart, K.R. Perryman, and 
K. W. Ridenour. 1985. Effect of vitamin supplementation on the 
performance of stressed beef calves. J. An. Sci. 61:425 (Suppl. 1). 35. 
Machlin, LJ. and A Bendich. 1987. Free radical tissue damage: 
protective role of antioxidant nutrients. FASEB J. 1:444-445. 36. 
Machlin, LJ., J. Keating, J. Nelson, M. Brin, R. Filipski and O.N. Miller. 
1979. Availability of adipose tissue tocopherol in the guinea pig. J. Nutr. 
109:105-109. 37. Machlin, LJ. and E. Gabriel. 1982. Kinetics of tissue 
a-tocopherol uptake and depletion following administration of high levels 
of vitamin E. N.Y. Acad. Sci. 393-48-59. 38. May, T., T.P. Eck, SJ. 
Bartle, R.L. Preston and R.A Stuart. Vitamin E status and supple
mentation of newly received feedlot cattle. 1987. J. An. Sci. 65:158 
(Suppl. 1) 39. McCay, P.B. Vitamin E: Interactions with free radicals 
and ascorbate. Ann. Rev. Nutr. 1985 5:323-40. 40. McMurray, C.H. and 
P.K. McEldowney. 1977. A possible prophylaxes and model for 
nutritional degenerative myopathy in young cattle. Br. Vet. J. 133:535-
542. 41. McMurray, C.H., D.A Rice and WJ. Blanchflower. 1980. 
Changes in plasma levels of linoleic and linolenic acids in calves recently 
introduced to spring pasture. Proc. Nutr. Soc. 35:65A 42. Murray, R.K., 
D.K. Granner, P.A Mayes and V.W. Rodwell. 1988. fu: Harper's 
Biochemistry 1\venty first ed. Appleton and Lange, San Mateo, CA pp. 

THE BOVINE PROCEEDINGS-No. 22 

0 
"'O 
(D 

~ 

~ 
(") 
(D 
00 
00 

0.. ...... 
00 
,-+-
'"i 

~ 
~ ...... 
0 p 



213-217. 43. Niki, E. 1987. Interaction of ascorbate and alpha
tocopherol. Ann. N.Y. Acad. Sci. 498:186-198. 44. Nockels, C.F. 1986. 
Nutrient modulation of the immune system. In: Recent Advances in 
Animal Nutrition, W. Haresign and D.J.A Cole eds. Butterworth, 
Boston, MA pp. 177-192. 45. Nockels, C.F. 1988. The role of vitamins 
in modulating disease resistance. !n.: J.L. Howard, ed. 'The Veterinary 
Clinics of North America, Food Animal Practice," Vol. 4, No. 3. Stress 
and Disease in Cattle. W.B. Sanders Co., Philadelphia. pp 531-542. 46. 
Nockels, C.F., B. Bennett and W. Bruyninckx. 1989. Unpublished data. 
47. Nockels, C.F. and W. Bruyninckx. 1989. Unpublished data. 48. 
Packer, J.E., T.F. Slater, and RL. Wilson. 1979. Direct observation of a 
free radical interaction between vitamin E and vitamin C. Nature 
278:737-738. 49. Quintanilha, AT. and L. Packer. 1983. Vitamin E, 
physical exercise and tissue oxidative damage. !n.: "Biology of Vitamin 
E." Pitman Books, London Ciba Foundation Symposium 101. pp 56-69. 
50. Reddy, P.G., J.L. Morrill, RA Frey, M.B. Morrill, H.C. Minocha, SJ. 
Galitzer, and AD. Dayton. 1985. Effects of supplemental vitamin Eon 
the performance and metabolic profiles of dairy calves. J. Dairy Sci. 
68:2259-2266. 51. Reddy, P.G., J. L. Morrill, H.C. Minocha, M.B. 
Morrill, AD. Dayton and RA Frey. 1986. Effect of supplemental 
vitamin Eon the immune system of calves. J. Dairy Sci. 69:164-171. 52. 
Reddy, P.G., J.L. Morrill and RA Frey. 1987a. Vitamin E 
Requirements of dairy calves. J. Dairy Sci. 70:123-129. 53. Reddy, P.G., 
J.L. Morrill, H.C. Minocha, and J.S. Stevenson. 1987b. Vitamin E is 
immunostimulatory in calves. J. Dairy Sci. 70:993-999. 54. Rice, D.A, 

APRIL, 1990 

W.J. Blanchflower, and C.H. McMurray. 1981. Reproduction of 
nutritional degenerative myopathy in the post ruminant calf. Vet. Rec. 
109:161-162. 55. Rice, D.A, W.J. Blanchflower and C.H. McMurray. 
1985. The effects of moisture, propionic acid, sodium hydroxide and 
anaerobiasis on the stability of vitamin E in stored barley. J. Agricul. Sci. 
(Cambridge) 105:15-19. 56. Rice, D.A and S. Kennedy. 1988. Vitamin 
E and free radical formation: Possible implications for animal nutrition. 
!n.: W. Haresign and DJ.A Cole eds. Butterworth, Boston. pp. 39-57. 
57. Rousseau, Jr.,;.J.E., M.W. Dicks, R Teichmn, C.F. Helmboldt, E.L. 
Bacon, R.M. Prouty, K.L. Dolge, H.D. Eaton, E.L. Jungheer, and G. 
Beall. 1957. Relationships between plasma, liver and dietary tocopherol 
in calves, lambs, and pigs. J. An. Sci. 16:612. 58. Scott, D.L., J. Kelleher, 
and M.S. Losowsky. 1977. The influence of dietary selenium and vitamin 
Eon rat glutathionine peroxidase and glutathione in the rat. Biochem et 
Biophy. Acta 497:218-224. 59. Smith, L.K. and H.R. Conrad. 1987. 
Vitamin E and selenium supplementation for dairy cows. !n.: 'The Role 
of Vitamins on Animal Performance and Immune Response" Symposium 
Proceedings. Roche Technical Symposium, March 11, Daytona Beach, 
Florida. 60. Stryer, L. 1988. Biochemistry. Third Edition. W.H. 
Freeman and Co., New York. p 422. 61. Weiss, S.J. and AF. Buglio. 
1982. Biology of disease phagocyte-generated oxygen metabolites and 
cellular injury. Lab. Invest. 47:5-18. 62. Yoshioka, T., H. Motoyama, F. 
Yamasaki, M. Ando, Y. Takehara and M. Yamasaki. Lipid peroxidation 
and vitamin E levels during pregnancy in rats. Biol. Neonate 53:223-231. 

149 

0 
"'O 
(D 

~ 

~ 
('") 
(D 
00 
00 

0.. ...... 
00 
,-+-
'"i 

~ 
~ ...... 
0 p 


	aabp_1989_proceedings_0169
	aabp_1989_proceedings_0170
	aabp_1989_proceedings_0171
	aabp_1989_proceedings_0172
	aabp_1989_proceedings_0173
	aabp_1989_proceedings_0174
	aabp_1989_proceedings_0175

