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(ABSTRACT)

The effects of vitamin E supplementation during late gestation were evaluated in dairy or
beef cattle in three experiments. Dairy cows were injected with vitamin E and selenium (Se) in
one study; beef cows were offered oral vitamin E supplementation via a free-choice vitamin-
mineral mix in two studies. Breed-related effects were also evaluated. Jerseys had higher blood
Se and lower serum vitamin E concentrations than Holsteins at dry-off and higher blood Se
concentrations than Holsteins 3-4 weeks pre-calving and at calving. Selenium supplementation
increased blood Se concentrations at calving. Treatment did not affect serum vitamin E
concentrations at calving or post-calving, nor blood Se concentrations post-calving. Beef cattle
consuming supplemental vitamin E (treatment) had greater responses to treatment when calving
in late winter than when calving in late summer. Treated multiparous cows calving in winter had
increased serum and colostral vitamin E concentrations but treatment did not affect colostral or
serum immunoglobulin G (IgG) concentrations of their calves. Calves from treated, multiparous
cows calving in winter had increased 205-day adjusted weaning weights (AWWSs). Treatment
did not affect colostral vitamin E or IgG concentrations of nulliparous heifers calving in winter,
nor serum vitamin E or IgG concentrations, or AWWSs of their calves. Six hundred 1U
supplemental vitamin E/head/day did not affect serum vitamin E concentrations of dams,
colostral vitamin E or 1gG concentrations, serum vitamin E or IgG concentrations, or growth of
calvesin the summer-calving herd. Breed-related differencesin vitamin E concentrations and
AWW occurred in both herds. Consumption of 600-1000 |U vitamin E/cow/day (treatment)
during late gestation via a free-choice vitamin-mineral mix increased vitamin E concentrationsin
serum and the lipoprotein fraction containing no apolipoprotein B (non-ApoB) from 1-2 weeks
pre-calving to calving. Treatment group calves had higher vitamin E concentrationsin serum
and non-ApoB than control group calves. Treatment did not affect cholesterol or phospholipid



concentrations in serum or the lipoprotein fractions of either cows or calves. Treatment
increased vitamin E cholesterol (VEC) and vitamin E phospholipid (VEPL) ratiosin the serum
and non-ApoB of cows and calves. Various breed-related differences also occurred.
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Chapter 1

I ntroduction

Sound nutritional programs are cornerstones of successful venturesin animal agriculture.
Other considerations, such as genetics and management, are also important. However, even the
most genotypically superior animal will perform poorly without proper nutrition. Finishing
steers would not gain five pounds a day without exceptional feed bunk management. Broilers
could not attain market-ready weightsin five to six weeks without adequate nutrient intake to
support such arapid growth rate. Individual dairy cows could not produce 50,000 pounds of
milk in ayear, nor could dairy herds average greater than 30,000 pounds of milk production over
the same time period, without consuming properly formulated rations.
Diets must deliver adequate amounts of nutrientsin order for animals to produce at
optimal levels. Furthermore, the supplementation of individual essential nutrients can at times
enhance animal performance or alleviate a recognized deficiency. Such scenarios, particularly
those of enhanced performance through single nutrient supplementation, continue to be identified
on aregular basis. Examplesinclude providing supplemental protein to cattle on western range
lands, “flushing” ewes with increased dietary energy pre-breeding to enhance ovulation
rate/fertility, and giving supplemental calcium to recently fresh dairy cows to decrease metabolic
disorders and periparturient disease. Supplementing Se to ruminants in Se-deficient geographic
regions and increasing the dietary copper and zinc content for young, growing horses to reduce
the incidence of developmental orthopedic disease are two more examples of this practice.
Vitamin E, a dietary essential, fat-soluble vitamin, can enhance animal performance when
provided in amounts above minimal requirements. Claims attributed to supranutritional
provision of vitamin E vary from preventing cancer and cataracts in humans, to enhancing
fertility in rats, improving immunity in swine, and preventing mastitis in dairy cows. Research
on vitamin E supplementation in beef cattle has revealed several promising findings. However,
uncertainties remain regarding such issues as the effects of vitamin E supplementation on
colostral vitamin E and immunoglobulin concentration, passive immunity in calves, and calf

growth.



Experiments included in this dissertation were therefore conducted to evaluate the effects
of vitamin E supplementation during late gestation in both dairy and beef cattle. Effects of
parenteral vitamin E and selenium supplementation during the dry period were determined in
Holstein and Jersey cows. Effectsof oral vitamin E supplementation during late gestation were
examined in two herds of beef cattle—one calving in late winter and the other calving in late
summer. Potential breed differences in vitamin E metabolism were also investigated in both the
beef and dairy studies. Lipoprotein cholesterol and phospholipid concentrations were examined
concurrently with vitamin E concentrations to attempt explanation of treatment and breed-related
differences in the beef studies. Lastly, a novel means of indicating vitamin E status per

lipoprotein particle, the vitamin E phospholipid (VEPL) ratio, was investigated.



Chapter 2

Review of theVitamin E Literature

Introduction

Vitamin E is one of four fat-soluble vitamins required by all mammals. Natural forms of
vitamin E are synthesized in plants and are comprised of agroup of related compounds, the
tocopherols and tocotrienols, which demonstrate various degrees of biological activity.
Structurally, both families of compounds contain a hydroquinone nucleus and isoprenoid side
chain but differ with respect to side chain saturation and methyl group placement on the chroman
ring.! The Greek lettersa, B, y, and & structurally designate each tocopherol (tocol) and
tocotrienol. Structural differences control the vitamin E activity for the given compounds.
Alphatocopherol isthe most prevalent and exhibits the highest degree of biological activity of
the naturally occurring forms of vitamin E.>® Further evidence of itsimportance is provided by
a 1982 study wherein pigs and cattle were fed diets containing a variety of tocols, but only
absorbed and utilized a-tocopherol.* Although a-tocopherol is of primary importance, p-
tocopherol, y-tocopherol, and a-tocotrienol demonstrate 15-40% of a-tocopherol’s biological
activity.”

Vitamin E is abundant in vegetable oils, the germ fraction of most grains, egg yolk, liver,
and green, leafy plants. Vitamin E concentrations vary in common livestock feeds (Table 2-1).
Commercially available sources are synthesized from deodorizer distillates, a byproduct of
vegetable oil manufacture and refinementhese distillates contain a mixtureoof -, y-, and
o-tocopherols. Alpha-tocopherol is extracted, then methylated following purification by ultra-
vacuum molecular distillatioh. The resultingx-tocopherol concentrate is often acetylated to
producea-tocopheryl acetate (Figure 2-1), a compound more resistant to oxidation and therefore
more stable during feed processing and storage. Oxidative destruction of vitamin E is enhanced
by exposure to oxygen, heat, moisttignd UV light® as well as contact with polyunsaturated

fatty acid€ and certain trace minerds.



Table 2-1. Alpha-tocopherol concentrations of various feedstuffs on an as-fed basis.?

Feedstuff Mean Concentration (ma/kq) Range
Barley 7.4 4-11
Oats 7.8 4-11
Corn 8.3 0-21
Wheat 11.6 5-30
Corn gluten feed 155 2-42
Wheat bran 16.5 10-25
Wheat middlings 20.1 2-41
Soybean meal 2.3 0-8
Whol e soybeans 18.1 11-33
Grass 8.1 5-15
Grasssilage 234 10-92
Grass hay 12.7 1-21
Cornsilage 31 0-9
Fish meal 5.0 0-18
Meat and bone meal 1.6 0-5

Alpha - Tacopherol
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Figure 2-1. Structure of alpha-tocopherol and alpha-tocopheryl acetate.



Vitamin E is absorbed with fat and digestion is facilitated by the activity of bile and
pancreatic lipase.” Absorption occursin the small intestine and is impaired by malabsorptive
disorders.’® The alcohol form is absorbed directly by the intestinal wall, whereas the ester form
must be hydrolyzed to the alcohol form within the gut lumen prior to absorption.? Once
absorbed, vitamin E isincorporated into chylomicrons, entersthe intestinal lacteals, and is
delivered to the general circulation as a component of lymph.

The primary role of vitamin E in biological systemsisthat of an antioxidant. The
vitamin neutralizes free radicals and prevents oxidative damage of intramembranous and
intracellular lipids. Although vitamin E content varies throughout the body, the highest
concentrations occur within tissues of high lipid content (e. g. adipose and liver).** Vitamin E
primarily resides and exerts its biological activity within cell membranes and cellular organelles
that possess high oxidation-reduction capabilities, specifically microsomes and mitochondria.*?

Vitamin E aso functions in a number of other biochemical and physiological roles.
Supplementation of vitamin E at levels above those minimally required to prevent overt signs of
deficiency enhances both cell mediated and humoral immunity.*® Neutrophil activity,* > T-cell
function,*® macrophage activity,” and antibody production'® ** % have all responded favorably
to vitamin E supplementation. Enhanced monocyte function™* and lymphocyte stimulation'®
have also been reported in association with supplemental administration. Vitamin E may aso
function as a cofactor in cellular respiration, as it restricts the activity of cytochrome C
reductase.” It inhibits platelet aggregation by suppressing arachidonic acid peroxidation,? an
essential step in the formation of the prostaglandins involved with normal clotting function.” %
Lastly, rolesin vitamin C, coenzyme Q, and DNA synthesis have a so been suggested for

vitamin E.’

Historical Information

Vitamin E was discovered in 1922 by Evans and Bishop at U.C.- Berkeley. They
identified a previously unknown compound in wheat germ, lettuce, and alfalfa meal; this organic
compound was determined essential for normal reproduction in femalerats.** Evanset al.
Isolated the compound from wheat germ oil in 1936, definitively demonstrated all of its



previously attributed properties, and identified it as a-tocopherol.® The designation vitamin “E”
was proposed by Surg,as “E” was the next sequential letter to be arbitrarily assigned to an
organic nutrient required in small amounts in the diet. “Tocopherol” is derived from the Greek
“tokos” (childbirth or offspring), the Greek “pherein” (to bring forth), and “ol”, which
structurally designates it as an alcoffol.

The earliest studies involving vitamin E and farm animals occurred in the 1920’s and
30’s and focused on various aspects of reproductive performance. Hickman and Harris first
suggested in 1946 that some biochemical functions of vitamin E could result from some type of
antioxidant activity’® In 1957, Schwarz and Foltz proved the relationship between vitamin E
and the previously unidentified (from a functional standpoint) element, seleniuAi (Sedy
learned that liver necrosis in the rat and exudative diathesis in the chick could be prevented by
the dietary inclusion of some types of brewer’s y&gsthich contained no vitamin E). The
substance found functioning in place of vitamin E was determined to be Se. Further support and
clarification of this functional relationship was achieved in 1973 when Rotruck et al. proved that

Se was an essential component of glutathione peroxidase (GSH-PXx).

Absorption, Transport, and Tissue Uptake

Ingested vitamin E associates with lipids within the gastrointestinal tract because of its
hydrophobic nature. Vitamin E initially enters the gut lumen in association with triglycerides,
but its absorption does not occur until these compounds are broken down via lipase-mediated
hydrolysis into non-esterified fatty acids gdwnonoglycerides: structures small enough to
traverse the brush border membrane of the small intestine. Non-esterified fatty afids and
monoglycerides interact with bile salts to form mixed micelles. Because of their extremely small
size, mixed micelles are uniformly dispersed within the aqueous phase of the gutiumen.
Except for bile salts, all components of mixed micelles are absorbed by enterocytes upon contact
with the brush border. Specifically, vitamin E is absorbed in the alcohol form by simple
diffusion3' Only 20-30% of the vitamin E ingested is typically absorB&d. However,
absorptive efficiency is inversely related to the amount present in tfiéatidtmay be

somewhat influenced by concentrations within the body.



Once inside the mucosal epithelia cells, absorbed vitamin E either enters cell organelles
or their membranes, or remains within the cytosol. That fraction present in the cytosol is taken
up by chylomicrons, the predominant lipoprotein secreted by the intestine.®* Chylomicrons
facilitate transport of absorbed dietary lipids to the general circulation.®® Formation of
chylomicrons begins in the smooth endoplasmic reticulum with the process of de novo
triglyceride synthesis.** Once the devel oping triglyceride mass reaches a certain size, the Golg
apparatus adds an apoprotein moiety to the particle and packages it within a secretory vesicle.™
The chylomicron (now relatively water soluble due to its apoprotein component) is then released
viaexocytosis and deposited in the lymphatic circulation. Thereafter, vitamin E (asa
chylomicron component) enters the bloodstream as lymph empties into the right atrium viathe
thoracic duct.

Like other fat-soluble vitamins, vitamin E is transported through the bloodstream
attached to a carrier molecule. However, unlike vitamin A, which utilizes a specific carrier
protein, vitamin E is transported through circul ation as a component of serum lipoproteins.*>%°
Across species, vitamin E distribution among lipoprotein classes corresponds to the relative
proportions of each lipoprotein class present (i. e. total lipid distribution). Cattle, for example,
maintain the majority of their serum vitamin E in the high density lipoprotein (HDL) fraction,
which is the predominant lipoprotein class present in the bovine.**** Conversely, humans
contain the majority of their circulating lipids and vitamin E in the low density lipoprotein (LDL)
fraction.> %

Lipoproteins are molecular complexes comprised of varying amounts of triglyceride, free
cholesterol, cholesteryl ester, phospholipid, and apolipoprotein.*’ Lipoproteins have a bi-layered
globular structure. They consist of a hydrophobic core comprised of triglyceride and esterified
cholesterol wrapped in arelatively more hydrophilic layer of phospholipid, unesterified
cholesterol, and protein.*® They are generally categorized into four density-dependent classes:
high, low, and very low density lipoproteins (termed HDL, LDL, and VLDL, respectively), plus
chylomicrons. These molecular complexes function to stabilize and transport circulating lipids
49, 50

in awater soluble form aswell as facilitate the exchange of lipids between tissues.

Essentially all lipoproteins originate from either the liver or intestine.*



Vitamin E moves between lipoprotein classes within the bloodstream independent of an
exchange protein.'* Transfer between lipoproteinsis thermodynamically controlled by the
relative lipid content of the lipoprotein particles involved in the exchange.® The specific
mechanism(s) of a-tocopherol uptake by cells are not fully known. However, evidence suggests
the process involves lipoprotein lipase activity®* as well as receptor-mediated recognition and
uptake of lipoprotein particles.™* For example, human fibroblast cultures with a hereditary LDL -
receptor deficiency,> or otherwise manipulated to inhibit LDL uptake,> exhibited significantly
lower a-tocopherol uptake versus normal cells. Additional studies have substantiated this
relationship by demonstrating a positive correlation between activity of tissue-specific LDL
receptors and tissue vitamin E concentration.>

Other methods of cellular vitamin E uptake may exist. Recent studies have identified the
presence of a a-tocopherol binding protein in the cytosol of rat liver and heart,” rabbit heart,
and bovine heart.>” Perhaps a similar protein functioning in cellular uptake also exists. Passive

diffusion is another possihility, as is some specific form of HDL receptor-mediated transport.™

Serum Lipoproteins of Cattle

Four classes of density-based lipoproteins are found in cattle: HDL, LDL, VLDL, and
chylomicrons. High density lipoproteins predominate in adult cattle, comprising approximately
80% of the circulating lipoproteins.** The remaining 20% of lipoproteinsin bovine serum exist
as chylomicrons, VLDL, and LDL.* %> 458 High density lipoproteins contain 68-90% of the

lipids (weight-basis) present in bovine serum,** 4+ *°

with the remainder existing in the other
lipoprotein classes and as volatile fatty acids (VFA) and non-esterified fatty acids (NEFA).
Chylomicrons contain up to 2.5%,* > VLDL less than 5%,* and LDL approximately 4-7%" of
the total serum lipids (weight-basis) in cattle. Cholesteryl esters and phospholipids comprise
approximately 90% (weight-basis) of the circulating lipidsin cattle.** These lipid structures exist

in all lipoprotein fractions™ but are found in highest amounts in the HDL fraction of cattle.** **

60, 61
The lipoprotein classes have different rolesin lipid and energy metabolism.
Chylomicrons transport triglycerides from the intestine to peripheral tissues.®? Very low density

lipoproteins transport triglycerides from the liver to extrahepatic tissues such as the mammary



gland and adipose tissue.*® Very low density lipoproteins ultimately evolve into LDL after
transferring varying amounts of cholesterol and the mgjority of their triglyceride® to peripheral
tissues, plus a portion of their apolipoprotein C to HDL.%® Low density lipoprotein is believed to

deliver cholesterol to extrahepatic tissues for membrane or steroid synthesis® ® High density

lipoproteins transport phospholipid and cholesterol from extrahepatic tissues to the liver.® ©

Lipoproteins can be separated by ultracentrifugation,*® ** ** electrophoresis,*® ©"%°

46, 72,73 or some

40, 42, 44

precipitation with sulfated polysaccharides,” ™ affinity chromatography,

60, 74

combination of these procedures. Lipoprotein classification is based upon density,

electrophoretic mobility within agarose gel,*” or apolipoprotein content® ™

and is dependent
upon the method(s) of separation used. One method of separation by apolipoprotein composition
resultsin fractions designated as a- (no apolipoprotein B present) and - (apolipoprotein B
present).”* ™ Enzyme-linked immunosorbent assays™ " (ELISA) and single radial
immunodiffusion assays™ (SRID) have been developed to determine concentrations of
apolipoproteinsin bovine serum. Apolipoprotein A-1 isthe primary protein moiety in the HDL
of cattle®® % and other mammals.”® % The apolipoproteins B (B-48 or B-100) are the major

protein moieties of mammalian LDL, VLDL, and chylomicrons.*® % ™

General Function and Activity

Vitamin E functions primarily as an antioxidant. Vitamin E prevents formation of
peroxides and free radicals from cellular lipids by interrupting the initial stages of free radical
production and undergoing oxidation itself, thereby preserving cell membrane integrity.
Membrane lipids are very susceptible to peroxidation due to the high degree of unsaturation
required to facilitate fluidity.” Lipid peroxidation can lead to membrane protein oxidation,
further damaging cellular integrity and possibly leading to complete cellular destruction.
Vitamin E aso inhibits the conversion of existing lipid peroxides to the much more reactive and
destructive peroxide radicals, thereby reducing further damage and helping maintain cell
membrane integrity (Figure2-2).”’
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Figure 2-2. Function and activity of vitamin E at the cellular level.”’

Vitamin E functionsin concert with Se, a primary antioxidant. Selenium is an essential
component of glutathione peroxidase and phospholipid hydroperoxide glutathione peroxidase,”
enzymes that function in hydrophilic environments (e. g. cell cytosol, interstitial fluid) and
cellular membranes, respectively. The glutathione-containing enzymes are referred to as primary
or preventive antioxidants, which function to suppress free radical formation through precursor
removal and catalyst inactivation.” Vitamin E exerts its activity in hydrophobic environments
such as cell and cellular organelle membranes (Figure 2-3). It acts as a secondary or chain-
breaking antioxidant, inhibiting peroxidation by minimizing the chain length of the propagation
reaction.” Vitamin E achieves this through direct action with peroxyl radicals.
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Figure 2-3. Antioxidant system locations within the cell.®°

Based upon in vitro studies, a-tocopherol has been determined to have near optimal structural

and behavioral properties for neutralizing peroxyl radicals.®*®® The tocopheroxy! radical formed

in the reaction between a-tocopherol and a peroxyl radical isrelatively stable. Alpha-tocopherol
effectively “traps” the peroxyl radical and prevents further oxidative darffagecha-
tocopherol molecule is capable of trapping two peroxyl radicals. Once oxidized (in the
tocopheroxyl radical form), the molecule can potentially undergo regeneration to the
metabolically active form (tocopherol) via reduction by vitamif? Gf not regenerated, the
tocopheroxyl radical is irreversibly converted to tocopheryl quinone, a metabolically inactive

compound excreted in bifé.

Dietary Requirements of Production Animals

The National Research Council’'s (NRC) published nutrient requirements may not exceed
the minimum dietary concentrations known or believed required for prevention of clinical signs
of deficiency. These requirements may not address the fact that vitamin E appears to
demonstrate specific functions when provided at levels greater than those which prevent

deficiency® Nutrient levels required to optimize/maximize immunity, reproduction,

11



performance, etc. are often 2-20 fold higher than NRC maintenance requirements, thus providing
abasisfor additional dietary provision.

White muscle disease is the best known and most commonly reported manifestation of
vitamin E and/or Se deficiency in livestock.2® However, vitamin E deficiency, alone or in
conjunction with selenium deficiency, has been linked to several other diverse clinical
syndromes that are variably manifested by the common production species (Table 2-2). The
scope of itsinvolvement in various body systems is perhaps best described by Blaxter and
Brown, who stated that “...deficiency of no other vitamin results in such a wide diversity of

clinical signs and pathological changéy.”

Table2-2. Clinical syndromes associated with vitamin E and/or selenium defici€hcies.

Species Clinical Syndromes
Poultry Encephalomalacia, Exudative Diathesis,
Muscular Dystrophy
Horses White Muscle Disease, Steatitis, Neonatal Weakness,
Myodegeneration, Degenerative Myeloencephalopathy
Pigs White Muscle Disease, Mulberry Heart Disease, Hepatosis

Dietetica, Mastitis/Metritis/Agalactia

Cattle and/or Sheep White Muscle Disease, Retained Placenta, Mastitis,
Metritis, Abortions and Stillbirths, Neonatal Weakness,
Myodegeneration, Il Thrift and Poor Weight Gain, Male
and Female Infertility, Impaired Immune Function

(Adapted from Blodgett, D. J., 1998)

Dietary vitamin E requirements of horses are largely extrapolated from research in other
species”® Roneus et al. reported no adverse effects in maintenance horses consuming only 15
IU vitamin E/kg ration dry matter but also stated that 100 1U/kg were required to maximize liver
and muscle vitamin E concentratioisThe NRC recommends 50 U vitamin E/kg ration dry
matter for maintenance horses and 80-100 1U/kg ration dry matter for growing horses, pregnant
and lactating mares, and horses in work.

Lactating sows and recently weaned pigs have the greatest metabolic demand for vitamin
E in swine. Growing swine rations should contain from 11 tot&l Uip to 30 IU of

supplementdl vitamin E per kg of ration dry matter. Recommendations of 20-30 IU vitamin

12



E/kg of ration dry matter for gestating and lactating sows, and 22 1U/kg for breeding boars have
also been proposed.*®

Vitamin E requirements for beef cattle have not been definitively established, however
several recommendations exist. The NRC recommends young calves consume 15-60 [U vitamin
E/kg dietary dry matter,” whereas optimum weight gain in finishing steers was facilitated by
supplementing the basal ration with 50-100 |U vitamin E/animal/day.*® BASF Corporation
recommends the following levels of dietary vitamin E provision: 100-200 |U/head/day for
mature beef cows, 800-1600 |U/head/day for recently received and growing cattle, and 600-1000
|U/head/day for finishing cattle.®*

Definitive requirements for dietary provision of vitamin E have aso not been established
indairy cattle. NRC dietary recommendations for vitamin E intake are 15-60 1U/kg dietary dry
matter for young calves, 121 |U/head/day for 6-12 month old calves, 242 |U/head/day for 12-24
month old heifers, 154 |U/head/day for dry cows, and 308 |U/head/day for lactating cows.'%
BASF Corporation recommends the daily provision of 300 U vitamin E for nursing calves, 200-
400 IU for recently weaned calves, 100-200 IU for replacement heifers, and 800-1600 IU for
mature cows.'®* Similarly, Erdman suggests providing calves, heifers, dry cows, and lactating
cows with 100-150, 200-300, 300-1000, and 300-500 U vitamin E/head/day, respectively.’®®

Factors Influencing Dietary Requirements
Specific requirements for vitamin E are difficult to establish, as numerous variables
influence the dietary concentrations required. For example, species of concern and stage of

95, 99, 103, 101

production will affect estimated requirements. Metabolic oxidative and energy

demand’® and the presence of other dietary components, such as high dietary levels of

gossypo
dietary requirements of vitamin E. The presence of Se, sulfur-containing amino acids, vitamin

| 105108 £ 107 ¢y 18 vitamin A,’ carotenoids,'® PUFAS,” or nitrates,'° may increase

C, and/or certain fat-soluble antioxidants (e. g. ethoxyquin,” BHT"®) will decrease requirements.”
111, 112

Dietary Se content may have the greatest influence on recommendations for provision of
vitamin E in the diet, due to the similar biological functions of these two nutrients. Selenium

nutriture may be influenced by dietary vitamin E and sulfur content” aswell as the form of Se
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consumed.™*® This micromineral should typically be present in the ration dry matter at the
recommended™* or legally allowed limit for supplementation™ of 0.1-0.3 mg/kg, depending

upon the production specie of concern. Selenium supplementation isimportant to animals

grazing in geographic regions known to be Se deficient,™®

117, 118

or consuming forages and grains

known to be marginal to deficient in Se content.

Research in Selected Production Species
Horses

Supranutritional supplementation of vitamin E in horses resultsin several positive effects,
manifested by multiple body systems. Unfit horses experiencing moderate to heavy work may
benefit from high dietary concentrations of vitamin E. Horses and zebras fed 100 U vitamin
E/kg dietary dry matter experienced no muscle soreness or lameness when captured and
restrained, but developed both when fed only 50 |U vitamin E/kg dry matter.*> Although vitamin
E and/or Se deficiencies have been incriminated in the pathogenesis of exertional

19 other reports refute any causal relationship.’® Valentine et al. report no

rhabdomyolysis,
significant association between a horse’s vitamin E or Se status and its response to dietary
treatment of polysaccharide storage myopathy (also known as exertional rhabdom¥dlysis).
Vitamin E deficiency has been established as a risk factor for equine motor neuron
disease (EMNDJ? Similarly, the development of equine degenerative myeloencephalopathy
(EDM) is associated with low concentrations of vitamin E in pla&thand a vitamin E
deficiency is suspected as significant predisposing f&&tdf> Furthermore, oral vitamin E
supplementation at 2000 IU/day decreased the incidence of EDM, while long term treatment
with 6000 IU/day improved the clinical signs of some affected horses, especially when treated
early in the course of the dised&e’*®
Baalsrud and Overnes reported enhanced humoral immune response to novel antigens in
horses supplemented orally with 600 U vitamin E and/or 5 m§’SReproductive capabilities

in horses given supplemental vitamin E are not enhalicedntrary to other species.
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Swine

Studies from as early as 1977 have documented the immunoenhancing effects of vitamin

132 133 i mmunity

E supplementation in swine.®® Improvements in both humoral*** *** and cellular
have been reported. Another benefit to porcine immune function was demonstrated when 900 1U
of intramuscular a-tocopherol reduced the detrimental effects of endotoxin by suppressing the
post-exposure production of interleukin-6 and cortisol in young pigs.***

Feeding sows 50 U supplemental vitamin E/kg ration dry matter increases milk and

colostral vitamin E content,*®

36

possibly conferring enhanced immunity in neonatal pigs. Asis

135, 137

the case in cattle™® and other ruminants, very little vitamin E crosses the porcine placenta

135

Therefore, colostrum isavital source of vitamin E to newborn pigs.™ Serum vitamin E

concentrations decrease in the periparturient sow,"® similar to what has been reported in dairy
COWS.l39, 140

Vitamin E supplementation benefits other body systemsin swine. Spermatazoa
concentration was increased in boars fed 1000 |U vitamin E/day for seven weeks.*** Piatkowski
et a. reported that 22 1U supplemental vitamin E/kg ration dry matter maintained tissue vitamin

E concentrations in gilts through the duration of pregnancy.'*

Supplementing the grower-
finisher ration with 100 IU vitamin E/kg of feed reduced lipid oxidation and increased
palatability of the resulting retail cuts.**® In-vitro research has shown that dietary vitamin E
supplementation may decrease the extent and severity of the intramuscular peroxidation

reactions that occur in pigs suffering from malignant hyperthermia. ***

Small Ruminants

Most research on vitamin E supplementation in small ruminants has involved sheep.

Many of the supplementation benefits reported in other species have aso been observed in
sheep.

Supplementing lambs with 250 IU vitamin E and 0.3 mg Se/kg feed increased body mass
gain and altered several measurements of rumen function, including increased volatile fatty acid
production and total protozoa numbers, and decreased rumen pH.** To the best of the author’s
knowledge, these favorable alterations in rumen function have not been reported in association

with vitamin E or selenium supplementation in other ruminant species.
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Like swine and cattle, pregnant ewes transfer minimal amounts of vitamin E across the
placenta to the devel oping fetus(es), and colostrum is the primary vitamin E source for the
newborn lamb.*®**"" Supplementing ewe lambs with 15, 30, and 60 mg of di-a-tocopheryl
acetate per day during the last 28 days of pregnancy resulted in a dose-dependent increasein a-
tocopherol concentrations in colostrum and serum of 3 day-old lambs.**® Kott et al. reported
additional benefits of vitamin E supplementation in ewes during late gestation. Ewes
supplemented with 330 [U vitamin E/day for the last three weeks of pregnancy showed no
difference in weight, body condition score, prolificacy, or fertility versus unsupplemented
controls.® However, mortality rates in the early portion of the lambing season were lower in
lambs from supplemented ewes.*® A significant increase in pounds of lamb weaned per ewe
was associated with the mortality difference.**

Vitamin E supplementation enhances both cellular**® and humoral ™ immunity in sheep.
It also lengthens product shelf-life, where retail cuts from lambs supplemented with oral vitamin
E underwent less lipid oxidation than retail cuts derived from unsupplemented controls.**

The effects of vitamin E supplementation on ovine fertility vary. The previously
discussed work by Kott et al. found no effect of oral vitamin E supplementation on ewe
fertility.’*® Conversely, Segerson and Ganapathy found a trend towards improved ova fertility in
ewes given multiple intramuscular injections of 136 1U vitamin E and 10 mg Se.™®® Segerson et
al. found an increase in uterine contractions moving towards the oviducts of ewes given 136 U

vitamin E and 10 mg Se viaintramuscular injection.'*®

Research in Cattle

Vitamin E supplementation in cattle has been investigated for more than 60 years. Vogt-
Moller and Bay, in 1931 reported that wheat germ oil injections cured sterility in some cows
identified as repeat breeders.™* Salisbury determined in 1944 that supplemental vitamin E did
not affect the semen quality, sperm characteristics, or fertility of dairy bulls used for artificia
insemination.'>

Vitamin E supplementation has reduced the occurrence of mastitis," **°

157 S159, 160

cystic

158-160

ovaries,™" retained placentas, and metriti indairy cows. In addition, vitamin E

supplementation has been associated with a shorter anestrous period post-calving,*>"
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decreased services per conception,'®® and a reduction in days open.*®* Hurley and Doane
indicated that cows supplemented with vitamin E and Se demonstrated enhanced sperm transport
and an increase in uterine contractions which moved toward the oviducts.”® Reduced udder
edemawas reported for dairy heifers fed 1000 |U/head/day vitamin E and at least 0.15 ppm Se
for the last 40 days of gestation.’® Laceteraet al. demonstrated that parenteral supplementation
of 0.25 IU dlI-a-tocopheryl acetate and 0.05 mg Se per kg of body weight given 3 and 1.5 weeks
before calving increased colostrum and early lactation milk production in Holsteins by 22 and
10%, respectively.’® Lacetera’s results contrast a recent review of the bovine vitamin E
literature by Corah, et al. The authors of this review concluded that a production response to
supplemental vitamin E occurred more frequently when the vitamin E was provided orally rather
than parenterally®

Beneficial effects of vitamin E supplementation on bovine immune function include
stimulation of serum antibody synthesis (particularly f§&nd reduced glucocorticoid
production®®” ¥ Supplementation of vitamin E also prevents periparturient inhibition of
neutrophil chemotaxis in dairy cows.Cipriano et al. reported that vitamin E and selenium
supplementation elevated antibody titers and enhanced phagocytic activity in dairy®alves.
Enhanced calf growth rdfé and a trend towards improved passive immune $tinscalves
have also occurred in conjunction with vitamin E supplementation. Jackson et al. evaluated the
effects of vitamin E supplementation on the signs associated with fescue toxicosis. Neither 1000
nor 2000 IU oral vitamin E per day affected feed intake, milk yield, rectal temperature, or body
weight changes in Holstein cows consuming endophyte-infected fesc@ haljth respect to
dairy product quality, adequate dietary vitamin E provision increases milk shelf life, through
reduction of the rate and extent of milk fat autoxidatfort’

Newly received feedlot cattle supplemented with vitamin E have demonstrated increased
average daily gains and improved feed-to-gain raffoS? as well as reductions in morbidity
versus unsupplemented contrtfs.Benefits of supplementation on weight gain may not be
restricted to the feedlot, however. Wright et al. assessed the effects of pre-weaning vitamin E
supplementation on early post-weaning weight gain in 1896 this study, beef calves
supplemented with 500 U vitamin E per day for 48 days before weaning gained an average of

0.11 kg per day more than their control counterparts for the first 4 weeks after weaning.
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Similar to its effects on milk quality, vitamin E supplemented during the finishing period
increases beef product shelf-life. Thisfinding iseconomically significant to the beef industry, as
reports estimate annual savings of $175 million'" to $1 billion'"® by extending retail product
shelf-life by 1-2 days. Faustman et al. showed that feeding 370 IU vitamin E/head/day increased
the stability of sirloin steak color from Holstein steers.'”’ Steers in Faustman'’s study were
supplemented with vitamin E beginning at 110 kg of body weight and continuing until a
slaughter weight of 545 kg was reached. In a study by Garber et al., beef steers fed 500 U
vitamin E/head/day for 119-133 days produced meat with an extended shelf-life because of
decreased metmyoglobin formation and lipid oxidalf6nSeveral other studies also report
improved retail product quality resulting from decreased lipid oxidation in association with
vitamin E supplementatiof{®*®*

Nockels et al. reported that parenteral supplementation of vitamin E to brood cows
approximately one month before calving enhanced the passive immune status of thetfcalves.
Similarly, increases in IgG concentrations of colostrum and calf serum have been obtained with
prepartum Se supplementation in cows grazing Se-deficient pa&tuiéswever, other studies
involving maternal vitamin E supplementation in both B&€f° and dairy cow* have found
no difference in passive immune status between treatment and control group calves. Reduced
incidence of neonatal diarrhea has also been reported in association with maternal
supplementation of 1000 |U/head/day vitamin E during late gest&tiovitamin E content of
the colostrum from treated cows in this study increased, as did the plasma vitamin E
concentration of their calves at two days of &ge.

Results of studies examining the effects of vitamin E supplementation in beef cows are
variable and limited, but have shown enough benefits to merit additional investi§ation.
Research undertaken in this dissertation is intended to enhance the evolving database of
knowledge on vitamin E supplementation in late gestation cattle and the relationship between

vitamin E and serum lipoproteins in cattle.
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Chapter 3
Effects of Supplementation with Parenteral Vitamin E and Selenium during

theDry Period in Jersey and Holstein Cows

Abstract

The effects of supplementation with parenteral vitamin E and selenium (Se) during late
gestation on parturient and post-parturient blood concentrations of these micronutrients were
evaluated in 16 Jersey and 36 Holstein cows. Cows were alotted to blocks by breed and
expected calving date. Cows within blocks were randomly assigned vitamin E or Se treatment in
a2X2 factoria design. Treatments were administered as subcutaneous injections approximately
3-4 weeks prior to anticipated calving. Dosages were empirically based on body weights of the
two breeds. Holsteins were given 3000 IU and 32.5 mg of vitamin E and Se, respectively, while
Jerseys were given 2400 1U of vitamin E and 22.5 mg of Se. All groups were similarly housed,
managed and fed through the study period. Blood samples were taken at dry-off, 3-4 weeks prior
to predicted calving date (the time of treatment), within 24 hours after calving, and 2-3 weeks
post-calving for assessment of serum vitamin E and blood Se concentrations. Jerseys had higher
blood Se (P=0.0001) and lower serum vitamin E (P=0.005) concentrations than Holsteins at dry-
off. The breed effect for Se persisted, with Jerseys having higher blood Se concentrations than
Holsteins at the pre-calving (P=0.0001) and calving (P=0.0002) samplings. Selenium
supplementation resulted in higher blood Se concentrations at calving (P=0.04). Treatment did
not affect serum vitamin E concentrations at calving or post-calving, nor blood Se concentrations
post-calving. A periparturient decline in serum vitamin E concentrations was observed in both
breeds and all treatment groups.

INTRODUCTION

Vitamin E and Se supplementation is frequently associated with a decreased incidence of

158-160 159, 160, 187 157,187

retained fetal membranes, metritis, cystic ovaries, and periparturient

mastitis™® % in dairy cows. Other studies, however, report no benefit to such
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supplementation.’® These nutrients are often supplemented in lactating cow rations. Vitamin E
and Se supplementation is commonly recommended for dry cows, ™" *®” but does not occur on
some dairies. Vitamin E and Se are sometimes administered parenterally during the dry
period.'®

Dietary concentrations of Se and vitamin E in dry cow rations vary between dairies
because of the different concentrates, forage types, and forage qualities fed during the dry period.
Weiss et a. reported lower dietary Se concentrations for dry period rations than for early

139

lactation rations in nine Ohio dairies.™ Some dairy producers feed adry cow ration consisting

primarily, if not exclusively, of hay. Thisand other stored forages typically have reduced
vitamin E content as compared to vegetative, good quality pasture.® 194192

Minimum requirements for vitamin E and Se are well established for lactating dairy
cows.’ However, data are limited on provision of supplemental vitamin E and Se to dry cows.
Dietary vitamin E recommendations for dry cows vary, ranging from 200-1000 |U/head/day. %>
103, 193195 Fyrthermore, only two reports of potential breed-related differencesin serum

concentrations of vitamin E existsin cattle, " %

and none are known to exist for Se. Lastly,
studies utilizing parenteral supplementation of these nutrients during the dry period have yielded
varied results. Therefore, objectives of this study were to determine: 1) if parenteral
supplementation of vitamin E and Se during lactation maintains adequate circulating
concentrations of these nutrients through the dry period; 2) if differences exist in circulating
concentrations of vitamin E and Se between Holstein and Jersey breeds during the dry period,;
and 3) if parenteral treatment with vitamin E and Se affects circulating concentrations of these

nutrients through the dry period and into early lactation.
MATERIALSAND METHODS

Cows and Experimental Design

Sixteen multiparous Jersey and thirty-six multiparous Holstein cows bred to calve
between July and September of 1995 were included in the study. Cows were blocked by breed
and expected calving date, then randomly assigned within blocksto vitamin E or Se treatment in

a2X2 factorial design. All cows were maintained, treatments were administered, and samples
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were collected in accordance with the Guidelines for the Care and Use of Agricultural Animals
in Agricultural Research and Teaching.

Vitamin E and Se were administered parenterally 3-4 weeks prior to anticipated calving
date. The dosage employed was empirically based on estimated average body weights for the
two breeds and followed product label guidelines. Holsteins and Jerseys were estimated to
weigh an average of 591 and 409 kg, respectively. Holsteins were given 3000 [U of vitamin Ein
the form of d-a tocopherol (VITAL E"- 300, 300 IU/ml d-a tocopherol, Schering-Plough
Animal Health, Kenilworth, NJ) and Jerseys were given 2400 |U. Each dose was administered
by a single subcutaneous injection behind the right shoulder. Selenium (MU-SE”, 5 mg/ml Se
and 50 mg/ml d-a tocopheryl acetate, Schering-Plough Animal Health, Kenilworth, NJ) was
administered at the dose of 32.5 mg for Holsteins and 22.5 mg for Jerseysviaasingle
subcutaneous injection on the right side of the neck. Vitamin E was administered in combination
with Se because no pure Se product was available. Therefore, Holsteins and Jerseys given Se
also respectively received 442 and 306 U vitamin E as d-a tocopheryl acetate.

All cows were similarly housed, managed and fed for the duration of the study, which
began in May and ran through the end of October. During the dry period, cows had free-choice
access to pasture consisting primarily of tall fescue, orchardgrass, and some white clover.
Pasture Se concentrations ranged from 30-60 g Se/kg pasture DM. Pasture analysis for vitamin
E content was not performed, but concentrations were estimated to average 50 mg a-
tocopherol/kg pasture DM.2 Cows were fed a transition ration, which contained 0.3 mg total
Se/kg ration DM, beginning approximately 1 week prior to calving. Early lactation rations were
similar in feed composition and nutrient content, and also contained 0.3 mg total Se/kg ration
DM. Transition and early lactation rations were not analyzed for vitamin E content but were

estimated to contain approximately 40.5 and 32 mg a-tocopherol/kg ration DM, respectively.

Sample Collection and Analysis

Blood samples were collected via coccygeal venipuncture into Vacutainers™ (Beckton-
Dickinson, Franklin Lakes, NJ) four times from each cow: dry-off, 3-4 weeks prior to anticipated
calving date, within 24 hours post-calving, and 2-3 weeks after parturition. Ten ml of blood was

collected in EDTA tubes for determination of Se concentration and ten ml of blood was collected
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in tubes with no additives for determination of vitamin E concentration. All samples taken for
assessing vitamin E concentrations were protected from light and heat during handling, storage,

and analysis. Serum was harvested by allowing the collected blood samples to clot for 30-60

minutes, then spinning at 3433 X g for 5 minutes. Separated serum was pipetted off the packed

red cell clot and stored frozen at -20°C in polypropylene tubes until the time of analysis for
vitamin E content. Blood was stored refrigerated in tubes containing EDTA until analyzed for
Se concentration. Serum samples were analyzed for vitamin E content by high-pressure liquid
chromatography (HPLC), and blood Se concentrations were determined by atomic absorption
spectrophotometry using a Varian Spects2® (Varian, Sugar Land, TXY’

Vitamin E analysis was modified from a previously reported techriifju¥itamin E
extraction was performed by adding to a 1 ml serum samplepl @A 000ug/ml a-tocopheryl
acetate (internal standard), followed by 2 ml of 95% ethanol, and 3 ml of HPLC-grade
cyclohexane. Between additions, the solution was vortexed for 10, 20, and 45 seconds,
respectively. After centrifugation at 3064gxor 10 minutes, the top (cyclohexane) layer of the
centrifugate was pipetted into a 5 ml conical vial and fully evaporated under nitrogen on a
heating block at 6. One hundregd! of 95% ethanol was then added to the vial, which was
then vortexed intermittently for 1 minute to reconstitute the vitamin E. In order to minimize
photodegradation, the entire vitamin E extraction procedure was carried out in subdued light.

Samples underwent HPLC analysis on a Varian Star Chromatograph (Varian, Sugar
Land, TX) employing a Supelco C18 reverse-phagan54.6 x 150 mm column, guard column,
and a 1Qul injection loop. Pure methanol (100%) was used as the mobile phase at a flow rate of
2 ml/min. Ultraviolet detection was carried out at 294 nm. The concentratetoobpherol in
each sample was determined by comparing its peak area with that of known standards, and using

peak area of the-tocopheryl acetate internal standard to correct for percent recovery.
Statistical Analysis

Data were analyzed by the GLM procedure of S8SThe model included the main
effects of vitamin E treatment, Se treatment, breed, and all two- and three-way interactions.
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RESULTS

Holstein cows had lower blood Se (P=0.0001) and higher serum vitamin E (P=0.005)
concentrations than Jerseys at dry-off (Table 3-1). The breed-related difference in blood Se
concentrations persisted through the time at which the immediate post-calving sample was taken.
Jersey cows had higher Se concentrations than Holstein cows at the mid-dry period (P=0.0001)
and calving (P=0.0002) samplings (Table 3-1). There were no other differencesin serum
vitamin E concentrations between breeds through the study period (Table 3-1).

Treatment with vitamin E did not affect serum vitamin E concentrations at calving
(P=0.15) or post-calving, even though the treatment group tended (P=0.07) towards higher serum
vitamin E concentrations immediately prior to vitamin E administration (Table 3-2). Treatment
with Se increased blood Se concentrations at calving (P=0.04). Selenium treatment did not affect
post-calving blood Se concentrations (Table 3-2). No significant two- or three-way interactions

occurred.

DISCUSSION

A periparturient decline in serum vitamin E concentrations was observed in both breeds
irrespective of treatment group. This finding has been reported in several other studies™* 4%
and is correl ated with a decrease in circulating lipoprotein concentrations.®® Lipoproteins
transport vitamin E in the bloodstream, and therefore affect the concentration of vitamin E in
circulation, 3 40 201 202

Plasma or serum vitamin E concentrations are commonly used as a practical means of
evaluating vitamin E statusin cattle.*®” % 2! Serum vitamin E concentrations of > 4.0 ug/ml
are considered adequate,® between 2.0 and 4.0 pg/ml marginal, and < 2.0 pg/ml deficient by the
VMRCVM Toxicology Laboratory. Regardless of breed, all groups had adequate mean
concentrations of vitamin E in serum at all samplings except calving. Serum vitamin E
concentrations at calving averaged in the marginal range (Tables 3-1 and 3-3). The
periparturient decline in serum vitamin E concentrations can be at least partialy attributed to a

concurrent decrease in serum lipoprotein concentrations.* #% %21 Other contributing factors
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may include a periparturient decrease in vitamin E intake (as related to a periparturient declinein
DM intake),' and removal of vitamin E from the bloodstream as it contributes to colostrum
synthesis.*** 2%

Blood Se concentrations are often used as a measure of Se status.**>** Blood Se
concentrations > 100 ng/ml are generally considered adequate, between 50 and 100 ng/ml
marginal, and < 50 ng/ml deficient in this region of the United States.*®* ?® Blood Se
concentrations were adequate at each sample period irrespective of breed or treatment group.

Blood Se concentrations differed between Jerseys and Holsteins at dry-off. This
difference persisted through the mid-dry period sampling and was still evident at calving despite
supplementation of all cows with 0.3 mg total Se/kg ration DM for approximately the last week
of gestation. Comparable Se concentrations between breeds at the post-calving sampling can be
attributed to longer-term provision (3-4 weeks) of dietary Se'*" 2% prior to sampling.

The breed-related difference in blood Se concentrations observed in this study has not
been previously reported. Thisfinding suggests a breed-related difference between Holsteins
and Jerseysin Se metabolism as has previously been reported for Cu, Fe, and Zn.*® Breed-
related differences in hepatic concentrations of certain trace minerals have also been reported in
beef cattle.””’

Serum vitamin E concentrations were lower at dry-off for Jerseys than for Holsteins, even
though al cows were consuming the same late lactation ration (data not shown). Aswas
anticipated, Jersey cows demonstrated an early dry period increase in serum vitamin E
concentrations. This increase was expected for all cows, because the ad-libitum provision of
pasture throughout the dry period should have raised serum vitamin E concentrations as a result
of its presumed high vitamin E content.’* 1% 2% Aswas evident for Se, the breed-related
differences in serum vitamin E concentrations at dry-off and changes through the dry period
might suggest possible breed-related differences in serum lipoprotein concentrations, ** 2%
Limited evidence exists for cattle that suggests breed-related differencesin vitamin E
metabolism. Garber et al. reported differences in serum vitamin E concentration, response to
supplementation, and metabolism of this nutrient between finishing beef and dairy steers.!’®
Charmley et al. have suggested a breed-rel ated difference in serum vitamin E concentrations
between nonlactating dairy cows and pregnant, crossbred beef heifers.*®
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In this study, all treatment groups maintained mean blood Se concentrations within the
adequate range for the duration of the dry period. This occurred even though forages consumed
were Se-deficient and no supplemental Se was provided (except by experimenta treatment) until
the transition ration was fed beginning approximately 1 week prior to calving. Maintenance of
adeguate blood Se concentrations during the dry period depends in part upon blood Se
concentrations attained during late lactation,™® and also reflects Se intake®™ during the dry
peri 0q.139. 208

Mean concentrations of serum vitamin E remained adequate through the majority of the
dry period but dropped into the marginal range at parturition. Just as dietary Se content

influences blood Se concentrations,*®”?®

the adequate concentrations of vitamin E in serum
observed in this study are at least in part attributable to the presumed high concentration of
vitamin E present in the pasture.® ***** Cows turned dry during periods of low pasture
availability or otherwise managed such that fresh forage intake is limited would very likely
demonstrate lower concentrations of serum vitamin E at parturition as well as for the majority of
the dry period.*® ?° Cows so managed might not maintain adequate serum vitamin E
concentrations in the periparturient period, possibly resulting in sub-optimal immune function**®
and an increased incidence of disease.*® 19 187. 211

In summary, mid-dry period supplementation of parenteral Se administered according to
product label directions and at the time relative to calving employed in this study elevated blood
Se concentrations in dairy cows at parturition. Mid-dry period supplementation of parenteral
vitamin E at the time administered in this study and at recommended label dosages did not affect
serum vitamin E concentrations in dairy cows at parturition.

Further research is needed to substantiate the apparent breed-related differencesin Se
metabolism suggested by the differencesin blood Se concentrations observed between Jerseys
and Holsteinsin this study. Additional research is also needed to investigate the possibility of
differences in vitamin E metabolism suggested by the observed differencesin serum vitamin E

concentrations between Jersey and Holstein cows at dry-off.
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Table 3-1. Effect of breed on serum vitamin E and blood selenium concentrationsin
periparturient Jersey and Holstein cows.*

Serum Vitamin E (pug/ml) Blood Selenium (ng/ml)
Sample Period Jersey Holstein P Jersey Holstein P
Dry Off 3.6+0.2 55+04 0.005 1775 141+ 4 0.0001
3-4 weeks pre-calving 48+0.3 47+0.2 0.76 145+5 108 + 4 0.0001
Within 24 hr post-calving 26+0.2 29+0.1 0.16 155+ 4 124+5 0.0002
2-3 weeks post-calving 41+03 41+0.2 0.98 167+ 4 157+7 0.36

*Values are least sgquares means * standard error of 16 and 36 observations for Jerseys and Holsteins, respectively.

Table 3-2. Effect of parenteral vitamin E or selenium (Se) supplementation during |ate gestation
on serum vitamin E or blood Se concentrations of periparturient Jersey and Holstein cows.
Jerseys and Holsteins were given 2400 and 3000 IU vitamin E, or 22.5 and 32.5 mg Se
respectiively, as subcutaneous injections immediately after taking ‘3-4 weeks pre-calving’
sample.

Serum Vitamin E (ug/ml) Blood Selenium (ng/ml)
Sample Period Control Vit. Etreatment P Control Se treatment P
3-4 weeks pre-calving 44+0.2 51+03 0.07 127+6 126+ 6 0.84
Within 24 hr post-calving 25+0.2 29+0.2 0.15 131+7 148+ 5 0.04
2-3 weeks post-calving 43+0.3 40+0.2 0.49 159+ 7 165+ 7 0.61

*Values are least sguares means + standard error and are based on 26 observations for the control and treatment
groups, respectively.
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Chapter 4
Effectsof Oral Vitamin E Supplementation During Late Gestation in
Beef Cattle Calvingin Late Winter

Abstract

The effects of oral vitamin E supplementation during late gestation were examined in two
beef cattle herds calving in late winter. One herd consisted of multiparous cows (trial 1) and the
other of nulliparous heifers (trial 2). All cattle consumed an estimated average of 200 and 319
U vitamin E/head/day in their basal |ate gestation and periparturient rations, respectively. Cattle
in the treatment group of each trial consumed an average of an additional 1000 |U/head/day of
supplemental vitamin E in afree-choice vitamin-mineral mix beginning 30 days prior to the
onset of a65-day calving season and continuing until they calved. Intrial 1, treatment increased
serum vitamin E concentrations of cows pre-calving (P=0.04), calving (P=0.009), and post-
calving (P=0.01) and also increased colostral vitamin E concentrations (P=0.07). Treatment did
not affect calf serum or colostral 1gG concentrations. Calves from treated cows had heavier 205-
day adjusted weaning weights (AWWS) than calves from untreated cows (P=0.02). A treatment
by breed interaction occurred whereby calves from treated Angus cows had higher serum
vitamin E concentrations at 24-48 hours of age than calves from untreated Angus cows
(P=0.002). Angus cows had higher serum vitamin E concentrations than Hereford cows pre-
calving (P =0.01), and tended toward higher serum vitamin E concentrations at calving (P=0.09)
and post-calving (P=0.09). Angus cows had higher colostral vitamin E concentrations than
Hereford cows (P=0.06). Intrid 2, treatment increased serum vitamin E concentrations of
heifers at calving (P=0.01), but did not affect pre-calving (P=0.13) or post-calving concentrations
of serum vitamin E. Treatment tended to increase 205-day AWWSs of calvesin trial 2 (P=0.08).
Treatment did not affect vitamin E or 1gG concentrations in colostrum or the serum of 24-48
hour-old calvesintrial 2. Angus heifersin trial 2 had higher serum vitamin E concentrations at
calving (P=0.02) and post-calving (P=0.06) than Hereford heifers.
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INTRODUCTION

Calves are born with physiologically low stores of vitamin E, afat-soluble vitamin that
crosses the bovine placentain limited amounts.™*” *** Adequate vitamin E status is necessary for

proper musculoskeletal development®** 18 169, 213

and optimal immune system function.
Colostrum is the primary source of vitamin E for neonatal calves.™®”?? Producers sometimes
supplement calves with vitamin E during the first few days of life in an attempt to improve
vitamin E status. Supplemental vitamin E can be given parenterally to neonatal calves. Less
commonly, calves are given oral vitamin E or cows are supplemented during late gestation via
oral or parenteral means to increase colostral vitamin E content.

Enhancement of the vitamin E status of neonatal calves may be most important when
dams are consuming low levels of vitamin E during late gestation. Harvested forages and
dormant winter pastures typically contain less vitamin E than growing, vegetative forages™ 24 %%
and usually comprise the magjority of the late gestation rations of beef cows calving in late winter
and early spring. Increased provision of vitamin E to cows during late gestation should increase
vitamin E provision to the newborn calf, as vitamin E isincorporated in colostrum during
synthesis in late gestation™® and vitamin E concentration of colostrum is related to maternal
i nt ak e 216, 217

Studies on vitamin E supplementation in late gestation dairy cattle have focused on
enhancing cow immunity and performance, whereas such studies in beef cattle have focused on
the benefitsto the calf. The effects of vitamin E supplementation in pregnant beef cows have
varied across experiments. Parenteral administration of 3000 1U of vitamin E to crossbred beef
cows approximately one month prior to parturition increased plasma vitamin E concentrationsin
calves and enhanced their passive immune status.'®* However, Hayek et al. reported no effect of
injecting beef cows with 1000 U vitamin E approximately two weeks prepartum on either the
passive immune status or serum vitamin E concentration of their calves.® Weisset al. increased
the colostral vitamin E content of Holstein cows by feeding 70 [U vitamin E/kg diet dry matter

during the dry period,

indicating the potential for oral vitamin E supplementation of the dam to
increase vitamin E provision to the newborn calf. This experiment seeks to enhance the

presently disparate and limited knowledge base on the effects of vitamin E supplementation
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during late gestation in beef cows and to determine if breed-related differencesin vitamin E
nutriture may exist.

Experimental objectives were to assess the effects of brood cow exposure to a free-choice
vitamin-mineral mix formulated to provide 1000 IU vitamin E/head/day during |ate gestation.
Response variables examined were serum vitamin E concentrations in cows and calves, colostral
vitamin E and immunoglobulin G (IgG) concentrations, serum IgG concentrations of calves, and
calf growth. A secondary objective of the study was to evaluate the data for any potential breed

differences in vitamin E status among beef cattle.

MATERIALSAND METHODS

Experimental Design

In trial one, thirty-eight Angus and sixteen Hereford cows were allotted to groups
homogenous with respect to breed, age, and serum vitamin E concentration. All cowswere
multiparous and between three and nine years of age. In trial two, twenty Angus and five
Hereford nulliparous heifers were all otted to groups homogenous with respect to breed and
yearling weight ratio. Members of homogenous groups within each trial were then randomly
assigned to treatment and control groups approximately 1 month prior to the beginning of a 65-
day calving season that extended from mid-January through March. One Angus cow in the trial
1 treatment group was originally misidentified as a Hereford by virtue of her ID number
configuration. Thisoversight created an equal number of Angus in the treatment and control
groups of trial 1, but also resulted in a disparate number of Herefords in the treatment and control
groups. Because of a sorting error at establishment of the treatment and control groups for trial
2, one Angus heifer initially designated as a control group member was included with the
treatment group and remained there for the duration of the study. The sorting error and uneven
number of Hereford heifersinvolved in the study resulted in numerical differences between
Angus and Herefords in the treatment and control groups of trial 2.

For the purposes of this study, ‘supplemental vitamin E’ refedsdetocopheryl acetate
originating from a commercial premix (Rovamix E™ 125, Roche Vitamins and Fine Chemicals,

Nutley, NJ) and added to a free-choice vitamin-mineral mix (Appendix A). Cattle in the
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treatment group of each trial were exposed to supplemental vitamin E beginning one month prior
to the start of the calving season and ending at parturition.

Vitamin-mineral mix provision and intake were monitored 2-3 times per week. The
concentration of vitamin E in the treatment groups’ vitamin-mineral mixes was adjusted weekly
using the average per head per day consumption rate of the previous week. The average
consumption rate of the previous week served as expected level of average consumption for the
forthcoming week. Samples of the vitamin-mineral mix with added vitamin E were analyzed by
a commercial laboratory to ensure agreement between calculated and actual vitamin E
concentrations. Exposure of the treatment groups to supplemental vitamin E ceased at
parturition, however all cows still had free-choice access to the vitamin-mineral mix.

Stored forages comprised the majority of the brood cow rations for the duration of
supplemental vitamin E provision. Forages fed during the study were analyzed for vitamin E
content by high-pressure liquid chromatography (HPLC) at a commercial laboratory and were
stored frozen at —2C until analysis. In an attempt to minimize any potential pasture effects,
treatment and control groups within each trial were alternated between two pastures on a
biweekly basis so that each group spent an equal amount of time on each of two respective
pastures utilized during the supplementation phase of the experiment. The vitamin-mineral mix
offered free-choice to all cattle contained 30 mg Se/kg (as-fed basis).

Cattle were moved to small pastures 1-2 weeks prior to their anticipated due dates so they
could be more closely observed in the periparturient period. Cattle and their calves were placed
in maternity stalls shortly after parturition and typically remained there for 2-3 days after calving
in order to monitor and ensure calf well-being. Calves were allowed to voluntarily nurse their
dams and colostrum intake was not monitored. Upon leaving the maternity stalls, all dams and

calves from both trials were returned to pasture, managed, and fed as a single herd.

Sample Collection and Analysis

Blood samples were collected via coccygeal venipuncture three times from each dam
after vitamin E supplementation began: approximately 1-2 weeks prior to calving, within 6 hours
post-calving, and again 2-3 days post-calving. A single blood sample was collected from each

calf at 24-48 hours of age via jugular venipuncture. All blood samples were collected into
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Vacutainers~ (Beckton-Dickinson, Franklin Lakes, NJ) without additives. Blood sampleswere
allowed to clot for 30-60 minutes, centrifuged, and the serum from each sample was then
harvested and frozen at -20°C until analysis.

Colostral samples were obtained from each dam within 6 hours of calving for
determination of vitamin E and 1gG concentrations. For each dam, ateat (or teats) was wiped
clean, stripped 3-4 times, and 20-30 ml of colostrum was collected in a Whirl-Pak”. Pre-suckle
colostral samples were desired and were successfully obtained from fifty-five cattle (thirty-five
in trial 1 and twenty in trial 2). All colostrum and serum samples were stored frozerf@t —20
until the time of analysis. Samples were protected from light and heat during collection,
handling, and analysis to reduce vitamin E degradation.

Calves were weighed at birth and again at weaning (late August) to determine 205-day
adjusted weaning weights (AWWS) (Appendix B). Calves averaged 204 days of age at weaning.
All calf weights were obtained using platform scales.

Serum vitamin E concentrations were determined by HPLC (Appendix C). Colostral
vitamin E concentrations were also determined by HPLC, but sample composition necessitated
modification of the vitamin E extraction method used (Appendix D). Serum and colostral IgG
concentrations were determined via a single radial immunodiffusion (SRID) technique using a
commercial kit (VMRD, Pullman, WA) (Appendices E and F).

Statistical Analysis

Data from both trials were analyzed using the GLM procedure of SAS (versiorf$.12).
Factors in the model included treatment, breed, and their two-way interaction. Significant two-
way interactions were evaluated using the SLICE option to compare means of one factor within

each level of the other factof

RESULTS

Trialsland 2
Hay fed during mid- and late gestation contained an average of 6.7 mg/kg (100% DM
basis) vitamin E. The hay and corn silage fed during the last 10-16 days of gestation and first 2-

3 days after calving (the periparturient period) averaged 13.7 and 5.9 mg/kg (100% DM basis)
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vitamin E, respectively. Based upon the concentrations of vitamin E in forage, al cattle
consumed an estimated average of 200 and 322 IU vitamin E/head/day in the basal |ate gestation
and periparturient rations, respectively. This estimation includes vitamin E (approximately 15-
25 IU/head/day) provided by the vitamin-mineral mix that was offered free-choice to al cattle.
Cattle in the treatment groups of each trial therefore consumed an average total of 1200 and 1322
U vitamin E/head/day in their |ate gestation and periparturient rations, respectively. All cattle
involved in trials 1 and 2 consumed an average of 2.3 mg Se/head/day for the duration of

supplemental vitamin E provision.

Trial 1

One calf was born dead. This occurrence reduced the sample size used to evaluate calf
serum vitamin E and 1gG concentrations by one observation. The sample size for analysis of
205-day AWW weas further reduced because of the death of one calf at three days of age and the
sale of five cow-calf pairs prior to weaning. The mean concentration of serum vitamin E for the
treatment (vitamin E-exposed) and control groups did not differ approximately 1 month prior to
the beginning of supplemental vitamin E provision (Table 4-1).

Cows exposed to supplemental vitamin E provided in a free-choice vitamin-mineral mix
(treatment) had increased concentrations of serum vitamin E at pre-calving (P=0.04), calving
(P=0.009), and post-calving (P=0.01) (Table 4-1). Treated cows had higher concentrations of
colostral vitamin E (P=0.07) but colostral 1gG concentrations did not differ between treatment
and control groups (Table 4-2). Treatment did not affect serum 1gG concentrations of 24-48
hour-old calves (Table 4-3). A treatment by breed interaction occurred whereby calves from
Angus cows exposed to the supplemental vitamin E had higher concentrations of serum vitamin
E at 24-48 hours of age than calves from unexposed Angus cows (P=0.002) (Table 4-4). Calves
from treated cows had heavier 205-day AWWSs than calves from control cows (P=0.02) (Table 4-
3).

Angus cows had higher concentrations of serum vitamin E than Hereford cows at the
initial sampling (P=0.007) and pre-calving (P = 0.01), and tended towards higher concentrations
of serum vitamin E at calving (P=0.09) and post-calving (P=0.09) (Table 4-5). Angus cows had

higher (P=0.06) concentrations of vitamin E in colostrum than Hereford cows (16.1+2.2 and
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8.7+2.6 pg/ml, respectively). Angus calves tended toward heavier 205-day AWWS than
Hereford calves (239.0+4.4 and 224.9+7.5 kg, respectively) (P=0.09).

Trial 2

One heifer experienced a dystocia and delivered a dead calf, reducing the sample size for
calf serum vitamin E and IgG concentrations by one observation. One cow-calf pair involved in
thistrial was sold prior to weaning, reducing the sample size for 205-day AWW by one
additional observation.

Exposure of nulliparous heifers to supplemental vitamin E during late gestation
(treatment) increased their serum vitamin E concentrations at parturition (P=0.01), but did not
affect their pre-calving or post-calving serum vitamin E concentrations (Table 4-1). Treatment
did not affect vitamin E or 1gG concentrations of colostrum (Table 4-2), or vitamin E or 1gG
concentrations of serum from their 24-48 hour-old calves (Table 4-3). Calves from treated
heifers tended toward heavier 205-day AWWSs than calves from control heifers (P=0.08) (Table
4-3).

Angus heifers had higher concentrations of serum vitamin E at calving (P=0.02) and post-
calving (P=0.06) than Hereford heifers (Table 4-5). Angus calves had heavier 205-day AWWSs
than Hereford calves (248.8+4.4 and 226.6+8.3 kg, respectively) (P=0.03).

DISCUSSION

Intrial 1, beef cows exposed to supplemental vitamin E in afree-choice vitamin-mineral
mix during late gestation had higher serum vitamin E concentrations at all sample periods and
also had higher colostral vitamin E concentrations than control cows. These results are
comparable to those of Zobell et a. who recently reported the effects of late gestation vitamin E
supplementation in 134 crossbred beef cows.’® Supplemented cows in Zobell's study were fed
1000 IU vitamin E/head/day for the last 60-100 days of gestation. Supplemented cows had
higher serum vitamin E concentrations pre-calving and at calving, higher colostral vitamin E
concentrations, and their calves had higher serum vitamin E concentrations at 24-48 hours of
age. Similar results were obtained in the present trial, except for a treatment by breed interaction

involving vitamin E concentrations in serum of 24-48 hour-old calves.
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Intrial 2, treatment increased serum vitamin E concentrations of nulliparous heifers only
at parturition. Treatment did not affect serum vitamin E concentrations of nulliparous heifers
pre-calving or post-calving. In thisrespect, the heifersin trial 2 responded somewhat differently
than the cowsin trial 1. Growth increases tissue demand for vitamin E.'% It is therefore
possible the different responses to treatment observed in the two trials are age-related, with
heifers having a greater tissue demand for vitamin E resulting from growth. Relative to cows,
increased tissue demand by heifers could reduce the concentration difference in serum vitamin E
afforded by supplementation, as surplus serum vitamin E leaves circulation in an attempt to
satisfy tissue requirements. Serum vitamin E concentrations can differ because of differencesin

serum lipoprotein concentration.® %

Therefore, serum lipoprotein concentrations may differ
between cows and heifers, resulting in an age-related difference in serum vitamin E
concentrations.

Intrial 1, only calves from treated Angus cows had higher serum vitamin E
concentrations. It isunknown why calves from treated Hereford cows did not respond similarly.
Based on the difference in serum vitamin E concentrations between calves from treated and
control Angus cows, the higher serum vitamin E concentrations of calves from treated Angus
cows may have resulted from increased maternal consumption of vitamin E. Other factors that
may have caused or contributed to the treatment by breed interaction include differencesin

38,40 and vitamin E concentration within

vitamin E absorption,? serum lipoprotein concentration,
lipoprotein particles.*’

The higher concentrations of serum vitamin E for Angus versus Hereford cows at the
initial sampling and pre-calving indicate that a breed-related difference in serum vitamin E
concentrations existed in trial 1. Further evidence of this differenceis provided by the trend
towards higher concentrations of serum vitamin E for Angus versus Hereford cows at parturition

and again post-calving. Increased concentrations of serum lipoproteins® *°

and higher degrees
of vitamin E saturation per lipoprotein particle® increase circulating concentrations of vitamin E.
Angus cattle of al ages may have higher serum lipoprotein concentrations than comparably aged
Herefords, or Angus cattle may attain a higher degree of vitamin E saturation per lipoprotein
particle. Either possibility would create the potential for a physiologic state that facilitates the

higher concentrations of serum vitamin E observed in Angus cows and calvesin trial 1.



Therefore, it islikely such a physiologic state existed in all Angus calves, but the provision of
additional vitamin E in colostrum heightened its manifestation in those calves from treated
Angus cows.

Intrial 1, calves from treated cows had heavier 205-day AWWSs than calves from control
cows. Intria 2, treatment group calves had 205-day AWWSs that tended to be heavier than those
of control group calves. Oral vitamin E supplementation has previously facilitated increased
weight gain in both post-weaned dairy'®® and beef calves.'™®** However, thisisthe first study
reporting a growth response in pre-weaned calves as aresult of maternal vitamin E
supplementation during late gestation.

Weaning weight and maternal milk production are highly correlated.?**??* The heavier
205-day AWWs of treatment group calvesin trial 1 and the trend towards heavier 205-day
AWWSs of treatment group calvesintrial 2 may have therefore resulted from increased milk
production. Laceteraet al. reported that administering 5 mg sodium selenite and 25 U dl-a-
tocopherol acetate/100 kg of body weight to Holstein cows 3 and 1.5 weeks prior to calving
increased colostral production by 22 percent and milk production during the first 12 weeks of
lactation by 10 percent.’® Since vitamin E and Se exhibit similar biological functions,®? the
supranutritional level of vitamin E supplementation may have increased milk production by the
treated cowsin trial 1 (and to alesser extent, the treated heifersin trial 2) as Se and vitamin E
supplementation did in Lacetera’s study. Additional research is needed to assess the
repeatability of the 205-day AWW response to treatment, and to elucidate reasons for it.

Colostral 1IgG concentrations were not affected by oral vitamin E supplementation in
either trial of the present study. This finding agrees with those of Arthington, who fed yearling
heifers either 400 or 800 IU vitamin E/head/day beginning 36 days prior to c&fvitgither
level of supplemental vitamin E provision affected colostral IgG concentrations relative to those
of their respective control group in Arthington’s st#efy. The author is unaware of any data that
contradict the findings of Arthington or those reported herein concerning the effects of vitamin E
supplementation on colostral IgG concentrations.

Oral vitamin E supplementation of dams did not affect serum IgG concentrations of
calves in either trial, a finding in agreement with Arthingfdrand Zobell et a*> Conversely,

Nockels et al. reported a 46.7% increase (statistically insignificant) in serum IgG concentrations
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of 36-40 hour-old calves from cows treated with 3000 U of parenteral vitamin E approximately
1 month before calving.'** The response difference seen by Nockels et al. could possibly be
attributed to the method of vitamin E supplementation, but Hayek et al. also supplemented
vitamin E (1000 1U/cow 2 weeks prior to parturition) parenterally and found no differencein
serum IgG concentrations of calves from treated and control dams.*®* The difference in response
to injected vitamin E could have been dose-dependent, or related to the vaccine given
concurrently with treatment to the cows in Nockels’ study. Considering vaccination as a
potential confounder was not reported by Nockels et al. as a possible explanation for the
numerical difference in passive immune status attributed solely to treatment.

Vitamin E has been reported to function as an adjuvant in $He@p.Perhaps when
administered concurrently with a vaccine, vitamin E has “remote adjuvant” capabilities as well.
Differences in the immunoenhancing capabilities of vitamin E based on route of administration
and the presence or absence of a concurrent immune challenge have been €igested.

Breed-related differences in serum vitamin E concentrations were discovered. Angus
cows in trial 1 tended toward higher concentrations of serum vitamin E than Hereford cows at
calving and post-calving, and had higher concentrations of serum vitamin E than Hereford cows
at the initial sampling and pre-calving. Similarly, Angus heifers in trial 2 had higher
concentrations of serum vitamin E than Hereford heifers at calving and post-calving. Breed-
related differences in tissue concentrations of trace minerals have been reported f3? 4ttle.
Garber et al. have reported differences in serum vitamin E concentrations between vitamin E-
supplemented beef and dairy ste€fsnd Charmley et al. have suggested a breed-related
difference between nonlactating dairy cows and pregnant, crossbred beef'ffeiféraever,
differences in serum vitamin E concentrations among British beef breeds have not been
previously reported to the author’s knowledge.

Other breed-related differences also occurred. In trial 1, Angus cows produced colostrum
with a higher concentration of vitamin E than did Hereford cows. This finding has not been
previously reported to the author’'s knowledge. Calves from Angus cows tended to have heavier
205-day AWWs than did calves from Hereford cows. Angus heifers produced calves with

higher 205-day AWWs than did Hereford heifers in trial 2. Similar findings on Angus and
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Hereford weaning weights have been reported previously,*" and probably result from

differencesin average milk yield for the Angus and Hereford breeds.”®

In summary, supplementing vitamin E in afree-choice vitamin-mineral mix (average
consumption of 1000 IU/head/day) during late gestation resulted in more differencesin the
multiparous cow herd (trial 1) than the nulliparous heifer herd (trial 2). Increased concentrations
of serum vitamin E in calves born to treated Angus cows may have resulted in improved calf
health or performance as indicated by variables not evaluated in the present study.™ %> %2 The
heavier 205-day AWWSs attained by calves from treated cows and the tendency towards the same
in calves from treated heifers show tangible benefits may result from maternal vitamin E
supplementation during late gestation in certain production scenarios. However, additional
research is needed to assess the repeatability of the 205-day AWW response to treatment, and to
elucidate reasons for it.

Thetotal cost of supplemental vitamin E per dam averaged approximately $2.50, given
that the average dam calved 30 days into the calving season. The differences in weaning weight
between treatment and control group calves across the two trials resulted in greater than a 5-to-1
return on investment (excluding any added labor costs), given a price of $65 per hundred weight
for weaned calves. Therefore, supplementing beef cattle in late gestation with oral vitamin E at
the rate of 1000 1U/head/day appears economically justified when the cattle are consuming

stored forages and otherwise similarly managed to the herd utilized in this experiment.
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Table4-1. Effect of oral vitamin E supplementation (avg. 1000 1U/head/day) during late
gestation on serum vitamin E concentrations in a herd of periparturient Angus and
Hereford cows (Tria 1) and aherd of nulliparous Angus and Hereford heifers (Trial 2)
calving in late winter.*

Serum Vitamin E (pug/ml)

Cows Heifers
Sample Period Control Treatment P Control Treatment P
Initial set-up® 7.3+03 75+03 076
1-2 weeks pre-calving 42+0.2 51+04 0.04 35+02 42+0.3 0.13
Parturition 3.3+0.2 43+0.3 0.01 31+02 43+0.3 0.01
2-3 days post-calving 3.0+01 3.6+02 0.01 31+02 3.6+02 0.27

*Values are least squares means + standard error of 28 and 26 observations for the control and treatment
groups in the cow herd, and 11 and 14 observations for the control and treatment groups in the heifer herd,
respectively.

SSamples taken approximately 1 month prior to the beginning of supplemental vitamin E provision.

Table4-2. Effect of oral vitamin E supplementation (avg. 1000 1U/head/day) during late
gestation on concentrations of colostral vitamin E and immunoglobulin G (1gG) in aherd
of periparturient Angus and Hereford cows (Trial 1) and a herd of nulliparous Angus and
Hereford heifers (Trial 2) calving in late winter.*

Cows Heifers
Colostral Analyte Control Treatment P Control Treatment P
Vitamin E (ug/ml) 88+20 159+29 007 12.3+34 152+34  0.65
1gG (g/L) 67.6+4.9 65.1+31 0.70 91.7+84 935+80 0.90

*Values are least squares means + standard error of 28 and 26 observations for the control and treatment
groups in the cow herd, and 11 and 14 observations for the control and treatment groups in the heifer herd,
respectively.
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Table 4-3. Effect of oral vitamin E supplementation (avg. 1000 1U/head/day) during late
gestation in a herd of multiparous Angus and Hereford cows (Trial 1) and a herd of
nulliparous Angus and Hereford heifers (Tria 2) calving in late winter on serum vitamin
E and immunoglobulin G (1gG) concentrations of 24-48 hour-old calves and 205-day

adjusted weaning weights (AWWs).*

Cows

Heifers

Cdf Variable Control Treatment P

Control Treatment P

Serum vitamin E (pg/ml) 16+01(27) 19+0.2(26) 0.08
Serum 1gG (g/L) 204+21(27) 224+19(26) 053
205-day AWW (kg) 222.1+55(23) 241.7+5.2(24) 0.02

14+02(10) 17+02(14) 032
17.7+22(10) 243+31(14) 021
229.1+7.2(9) 246.3+50(14) 0.08

*Values are least squares means + standard error of (n) observations.

Table 4-4. Effect of breed and oral vitamin E supplementation (avg. 1000 1U/head/day)
during late gestation on serum vitamin E concentrations of 24-48 hour-old Angus and

Hereford calves born in late winter to multiparous cows.*

Serum Vitamin E (ug/ml)

Breed Control Treatment pS
Angus 1.7+0.1(18) 23+0.2(19) 0.002
Hereford 14+0.1(9) 14+02(7) 0.96

*Values are least squares means of (n) observations + standard error.
8P values were derived usi ng the SLICE option of SAS.
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Table 4-5. Effect of breed on serum vitamin E concentrations during the periparturient
period in a herd of multiparous Angus and Hereford cows (Trial 1) and a herd of
nulliparous Angus and Hereford heifers (Trial 2) calving in late winter.*

Serum Vitamin E (ug/ml)

Cows Heifers
Sample Period Angus Hereford P Angus Hereford P
Initial set-up® 8.0+0.2 6.8+ 0.4 0.007
1-2 weeks pre-calving 52+03 41+0.2 0.01 40+0.2 36+04 0.40
Parturition 41+02 35+0.2 0.09 42+03 31+04 0.02
2-3 days post-calving 35+02 31+02 0.09 3.7+0.2 3.0+03 0.06

*Values are least squares means + standard error of 38 and 16 observations for the Angus and Hereford
breeds in the cow herd and 20 and 5 observations for the Angus and Hereford breeds in the heifer herd,
respectively.

SSamples taken approximately 1 month prior to the beginning of supplemental vitamin E provision.
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Chapter 5
Effectsof Oral Vitamin E Supplementation During Late Gestation in

Beef Cows Calving in Late Summer

Abstract

The effects of oral vitamin E supplementation were examined in a beef cattle herd
calving in late summer. Thirty-seven Angus and Hereford cattle were allotted to groups
homogenous with respect to breed, age, and serum vitamin E concentration. Cattle were then
randomly assigned to trestment and control groups approximately 1 month prior to the beginning
of a65-day calving season. Free-choice pasture served as the basis of all late gestation and
periparturient rations. Cattle in the treatment group consumed an average of 600 |U/head/day of
supplemental vitamin (treatment) E in a free-choice vitamin-mineral mix beginning 30 days prior
to the start of a 65-day calving season and continuing until they calved. Treatment did not affect
maternal concentrations of serum vitamin E at pre-calving, calving, or post-calving. Treatment
did not affect colostral vitamin E or 1gG concentrations, nor did it affect serum vitamin E or 1gG
concentrations of 24-48 hour-old calves. 205-day adjusted weaning weights (AWWSs) did not
differ between treatment and control group calves. Several breed-related differences occurred.
Angus calves had higher concentrations of vitamin E (P=0.007) and 1gG (P=0.006) in serum at
24-48 hours of age than Hereford calves. Angus calves also had heavier 205-day AWWs than
Hereford calves (P=0.0002). Angus dams had higher post-calving concentrations of vitamin E in
serum (P=0.07) and colostrum (P=0.03) than Hereford dams.

INTRODUCTION

Calves are born with physiologically low stores of vitamin E, afat-soluble vitamin that
crosses the bovine placentain limited amounts.*** #? Adequate vitamin E statusis necessary for

proper musculoskeletal development™ 14 169,213

and optimal immune system function.
Colostrum is the primary source of vitamin E for neonatal calves.*® % Because calves are born
with alow vitamin E status, attempts are often made to increase their vitamin E nutriture within
thefirst few days of life. Supplemental vitamin E can be given to neonatal calvesin an

injectable form. Less commonly, calves are given oral vitamin E or cows are supplemented
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during late gestation via oral or parenteral meansin an attempt to increase colostral vitamin E
content.

Studies of vitamin E supplementation during late gestation in dairy cattle have primarily
focused on enhancing cow immunity and performance, whereas such studies in beef cattle have
centered on the benefitsto the calf. The effects of vitamin E supplementation in pregnant beef
cows have varied across experiments. Parenteral administration of 3000 IU of vitamin E to
crossbred beef cows approximately one month prior to parturition increased plasmavitamin E
concentrations in calves and enhanced their passive immune status.*®® However, Hayek et al.
reported no effect of injecting beef cows with 1000 U vitamin E approximately two weeks
prepartum on either the passive immune status or serum vitamin E concentration of their
calves.'® Weiss et a. increased the colostral vitamin E content of Holstein cows by feeding 70

|U vitamin E/kg diet dry matter during the dry period,®

indicating the potential for oral vitamin
E supplementation of the dam to increase vitamin E provision to the newborn calf.

Enhancement of the vitamin E status of neonatal calves may be justified when dams are
consuming low concentrations of vitamin E during late gestation, but the potential for benefit is
unknown when pregnant cows are on vitamin E-replete diets. Fresh, green forages such as good
quality pasture generally contain aminimum of 50 mg a—tocopherol/kg dry mattér,
approximately 5-6 times the averametocopherol content of h&y, These amounts exceed the
15 mgo—tocopherol/kg ration dry matter recommended for mature beef cattle by the NRC. This
study sought to determine whether supranutritional vitamin E supplementation of late gestation
beef cattle consuming a presumably vitamin E-replete diet results in any production-related
benefits.

Experimental objectives were to assess the effects of exposing late gestation cows on an
ad-libitum fresh forage diet to a free-choice vitamin-mineral mix formulated to provide 600 1U
supplemental vitamin E/head/day. Response variables examined were vitamin E concentrations
in dam and calf serum, vitamin E and immunoglobulin G (IgG) concentrations of colostrum, calf
passive immune status, and calf growth. A secondary objective of the study was to evaluate the
data for any potential breed-related differences in vitamin E status among beef cattle.
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MATERIALSAND METHODS

Experimental Design

Thirty-seven beef cattle calving in late summer were divided into groups homogenous
with respect to vitamin E concentrations in serum, breed, and age. Cattle were then randomly
assigned to treatment and control groups approximately 1 month prior to the beginning of a 65-
day calving season that extended from late August through October. The study population was
comprised of fifteen Angus and twenty-two Hereford cattle. Thirteen cattle involved in the study
were nulliparous heifers. All cattle involved in the study were between two and six years of age,
with the exception of one Angus cow that was eleven.

For the purposes of this study, ‘supplemental vitamin E’ refedsdetocopheryl acetate
originating from a commercial premix (Rovamix E 125, Roche Vitamins and Fine Chemicals,
Nutley, NJ) and added to a free-choice vitamin-mineral mix (Appendix A). Cattle in the
treatment group were exposed to supplemental vitamin E beginning one month prior to the start
of the calving season and ending at parturition. The free-choice vitamin-mineral mix that was
available to both the treatment and control groups contained a basal concentration of 125 U
vitamin E/Ib (as-fed basis).

Vitamin-mineral mix provision and intake were monitored 2-3 times per week. The
concentration of supplemental vitamin E in the treatment group’s vitamin-mineral mix was
adjusted weekly using the previous week’s average per head per day consumption rate. The
average consumption rate of the previous week served as the basis of supplemental vitamin E
provision for the forthcoming week. Samples of the vitamin-mineral mix with added vitamin E
were analyzed by a commercial laboratory to ensure agreement between calculated and actual
vitamin E concentrations. Exposure of the treatment group to supplemental vitamin E ceased at
parturition, however all cows still had free-choice access to the vitamin-mineral mix.

Free-choice pasture comprised the majority of the brood cow rations for the duration of
vitamin E supplementation. Pasture samples were analyzed for vitamin E content by high-
pressure liquid chromatography (HPLC) at a commercial laboratory and were stored frozen at —
20°C until analysis. In an attempt to minimize any potential pasture effects, treatment and
control groups were alternated between pastures on a biweekly basis so that each group spent an

equal amount of time on each of the pastures utilized during the supplementation phase of the



experiment. The vitamin-mineral mix offered free-choiceto all cattle contained 30 mg Se/kg
(asfed basis).

Cattle were moved to small pastures 1-2 weeks prior to their anticipated due dates so they
could be more closely observed in the periparturient period. Cows and their calves were placed
in maternity stalls shortly after parturition and typically remained there for 2-3 days after calving
in order to monitor and ensure calf well-being. Upon leaving the maternity stalls, all cows and
calves were returned to pasture, managed, and fed as a single herd.

Sample Collection and Analysis

Blood samples were collected from cattle approximately 5 weeks prior to the beginning
of vitamin E supplementation in order to use vitamin E concentrations in serum as acriterion for
establishment of treatment and control groups. Blood samples were collected via coccygeal
venipuncture three times from each cow after vitamin E supplementation began: approximately
1-2 weeks prior to calving, within 6 hours post-calving, and again 2-3 days post-calving. A
single blood sample was collected from each calf at 24-48 hours of age viajugular venipuncture.

All blood samples were collected into Vacutainers~ (Beckton-Dickinson, Franklin Lakes, NJ)
without additives. Blood samples were allowed to clot for 30-60 minutes, centrifuged, and the
serum from each sample was then harvested and frozen°@ vl analysis.

Colostral samples were obtained from each dam within 6 hours of calving for
determination of vitamin E and IgG concentrations. For each dam, a teat (or teats) was wiped
clean, stripped 3-4 times, and 20-30 ml of colostrum was collected in a WHitl-Pag&-suckle
colostrum samples were desired and were successfully obtained from twenty-eight cattle.
Colostral and serum samples were stored frozen &G-26til the time of analysis. All samples
were protected from light and heat during collection, handling, and analysis to reduce vitamin E
degradation.

Calves were weighed at birth and again at weaning (late March) to determine 205-day
adjusted weaning weights (AWWSs) (Appendix B). All calf weights were obtained using
platform scales. Calves averaged 204 days of age at weaning.

Serum vitamin E concentrations were determined by high-pressure liquid
chromatography (HPLC) (Appendix C). Colostral vitamin E concentrations were also

determined by HPLC, but sample composition necessitated modification of the vitamin E
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extraction method used (Appendix D). Serum and colostral 1gG concentrations were determined
viaasingleradial immunodiffusion (SRID) technique using acommercia kit (VMRD, Pullman,
WA) (Appendices E and F).

Statistical Analysis

Data were analyzed using the general linear model of SAS (version 6.12).%® The model
included treatment, breed, and age, plus al two- and three-way interactions. Age was divided
into two categories: nulliparous dams were categorized as heifers and multiparous dams as cows.
Significant two-way interactions were evaluated using the SLICE option to compare means of

one factor within each level of the other factor.?®
RESULTS

One Angus cow did not calve. Three Hereford dams had twins that were not sampled.
These occurrences reduced the number of calves available for serum vitamin E and 1gG analysis.
One calf died at 7 days of age due to septicemiaresulting from omphalitis. In addition, eight
cow-calf pairs were sold prior to weaning. The combination of calf mortality and sold cow-calf
pairs further reduced the number of calves available to evaluate 205-day AWWSs.

Pastures contained a reported average of 1.7 mg/kg (100% DM basis) a—tocopherol.

This is a very lowo—tocopherol concentration for vegetative forage and is believed to be an
erroneous value resulting from laboratory erroa-docopherol degradation during storage of the
samples before analysis.

Mean concentrations of serum vitamin E did not differ for the treatment and control
groups approximately five weeks prior to the beginning of supplemental vitamin E provision
(Table 5-1). Cattle in the treatment group consumed an average of 600 IU/head/day
supplemental vitamin E for the duration of supplemental vitamin E provision. Cattle in both the
treatment and control groups consumed an average of 3.0 mg of Se per day during late gestation.

Exposure of cattle to supplemental vitamin E provided in a free-choice vitamin-mineral
mix (treatment) had no effect on serum vitamin E concentrations of dams at pre-calving, calving,
or post-calving (Table 5-1). Treatment did not affect concentrations of vitamin E or IgG

(P=0.14) in colostrum (Table 5-2), nor did it affect concentrations of vitamin E (P=0.18) or I1gG



in serum of 24-48 hour-old calves from treated dams (Table 5-3). 205-day AWWSs did not differ
between treatment and control group calves (Table 5-3).

Several breed-related differences occurred. At 24-48 hours of age, Angus calves had
higher concentrations of vitamin E (P=0.007) and 1gG (P=0.006) in serum than Hereford calves
(Table 5-4). Angus calves aso had higher 205-day AWWSs than Hereford calves (P=0.0002)
(Table 5-4). Angus dams had higher post-calving serum vitamin E (P=0.07) and colostral
vitamin E (P=0.03) concentrations than Hereford dams (Table 5-4).

DISCUSSION

Mean concentrations of vitamin E in the serum of cows were consistently higher in the
present study than for the winter-calving herd (Chapter 4) at any given sample period. Mean
serum vitamin E concentrations of prepartum cows in the present study are similar to those
reported for nonlactating dairy cattle fed pasture during the dry period.*** Mean concentrations
of serum vitamin E in 24-48 hour-old calves in the present study are similar to those in the
winter-calving herd (Chapter 4) and those reported by Zobell et al.*** Mean concentrations of
serum IgG in 24-48 hour-old calvesin the present study averaged 16% higher than in the winter-
calving herd (Chapter 4) but 56% lower than those reported by Zobell et al.*® Colostral vitamin
E concentrations in the present study are similar to those of supplemented cows and all heifersin
the winter-calving herd, but approximately 80% higher than those of unsupplemented cows in
the winter-calving herd (Chapter 4).

Zobell et al.*® and Bass (Chapter 4) both supplemented |ate gestation beef cows with oral
vitamin E at the rate of 1000 IU/head/day. Zobell's study was conducted during the fall and
winter in Alberta, Canada; and it is therefore probable that the cows consumed only harvested
forage during the supplementation phase of the study. Cattle participating in Bass’ study
(Chapter 4) also consumed only harvested forage during the period of supplemental vitamin E
provision. Cattle in the present study were grazing pasture and are presumed to have a greater
total intake of vitamin E.*°* %! This assumption provides one possible explanation for the lack
of a treatment effect on the response variables measured.

Vitamin E has no true tissue reservoir, unlike the liver which can function as a storage

depot for vitamin A> Attainment and maintenance of optimal vitamin E concentrations within
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the body are therefore dependent upon consistent and adequate vitamin E intake,*® such as that
afforded to cattle by ad-libitum consumption of vegetative pasture.**>#° Once vitamin E intake,
tissue demand, and body concentrations attain homeostasis, supplemental vitamin E may not
affect concentrations of vitamin E in serum or colostrum unless it is consumed in amounts wel
above those provided in the basal diet. Charmley et al. fed pregnant, crossbred beef heifers 0,
1000, 2000, and 4000 1U of supplemental vitamin E/day for 21 days (basal dietary
concentrations of vitamin E were not reported).’® Heifers supplemented with vitamin E had
higher concentrations of serum vitamin E than unsupplemented heifers, but the response to
supplementation appeared to plateau with the 1000 |U/head/day treatment.**

Other researchers have reported that cattle respond in a dose-dependent manner to the
total amount of vitamin E consumed. Quigley and Bernard reported a dose-dependent increase
in serum vitamin E concentrations of neonatal dairy calves fed averages of 11, 111, and 1011 1U
vitamin E.?® Weiss et al. reported higher concentrations of vitamin E in serum for periparturient
dairy cows consuming 4905 U vitamin E/head/day than for those consuming 940 and 1900 1U
vitamin E/head/day.?* Weiss et al. reported in another study that dairy cows consuming an
average of 1474 U vitamin E/head/day during the dry period had higher concentrations of serum
vitamin E at calving than those consuming an average of 574 |U vitamin E/head/day.?® Garber
et al. reported a linear, dose-dependent increase in serum vitamin E concentrations of crossbred,
yearling beef steersfed 166, 465, 972, and 1753 IU vitamin E/head/day for 112 days.*™

It appears as though approximately atwo-fold increase in the amount of vitamin E
consumed is necessary to increase concentrations of serum vitamin E. The dairy studies®®® 222
mentioned above report dose-dependent increases in serum vitamin E concentrations when the
total amount of vitamin E fed was at least 2.5-fold higher than the next level of vitamin E
provision. Garber’s study involving beef steers reports dose-dependent increases in serum
vitamin E concentration for levels of vitamin E provision as low as 1.8-fold higher than the next
level of vitamin E fed’® Bass reported higher concentrations of serum vitamin E for treated
cattle (Chapter 4) that were associated with at least a four-fold increase in the total amount of
vitamin E consumed. A similar difference in total vitamin E intake probably occurred in the
study by Zobell et af® but the vitamin E content of the basal ration was not reported. Since
treatment did not affect serum vitamin E concentrations in the present studyi, it is likely that the

amount of supplemental vitamin E consumed did not result in a sufficient difference in
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proportional intake of vitamin E between the treatment and control groups. Therefore
supplemental vitamin E, relative to the amount in the basal diet, did not affect concentrations of
vitamin E in serum or colostrum. In fact, consumption of an average of 600 |U/head/day
supplemental vitamin E did not affect any response variable measured in this study.

Severa breed-related differencesin vitamin E status were found. Angus calves had
higher concentrations of vitamin E in serum than Hereford calves at 24-48 hours of age (Table 5-

4). Angus dams had higher concentrations of vitamin E in serum 2-3 days post-calving than

Hereford dams and also higher concentrations of colostral vitamin E (Table 5-4). Many of these

results agree with those reported by Bass (Chapter 4), wherein Angus cows had higher serum and
colostral vitamin E concentrations than Hereford cows. In that same study, nulliparous Angus

heifers had higher concentrations of vitamin E in serum at calving and 2-3 days post-calving than
nulliparous Hereford heifers. The repeatability of these findings between differently designed

studies provides additional evidence for the author’s belief that the Angus and Hereford breeds
differ with respect to vitamin E metabolism or nutriture.

In summary, supplementing vitamin E in a free-choice vitamin-mineral mix (average
consumption of 600 IU/head/day) during late gestation did not benefit the cattle in this study.
The absence of any response to treatment is attributed to the presumably high content of vitamin
E in the basal di&t'® ™! that negated any response to the amount of supplemental vitamin E
provided. Based upon these findings, oral vitamin E supplementation at the rate of 600
IU/head/day beginning one month prior to the onset of the calving season does not appear

justified in pregnant beef cattle consuming fresh, vegetative forages.
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Table5-1. Effect of oral vitamin E supplementation (avg. 600 |U/head/day) during late
gestation on serum vitamin E concentrations in periparturient Angus and Hereford dams
calving in late summer.*

Serum Vitamin E (ug/ml)

Sample Period Controal Treatment P

Initial set-up® 6.4+ 0.2 (18) 6.2+ 0.3(19) 0.62
1-2 weeks pre-calving 6.3+ 0.3(18) 59+ 0.4 (19) 0.42
Parturition 4.3+0.2(17) 4.8+ 0.3(18) 0.26
2-3 days post-calving 34+02(17) 3.8+0.3(17) 0.36

*Values are least squares means of (n) observations + standard error.
SSamples taken approximately 5 weeks prior to the beginning of supplemental vitamin E provision.

Table 5-2. Effect of oral vitamin E supplementation (avg. 600 |U/head/day) during late
gestation on the immunoglobulin G (IgG) and vitamin E concentrations of colostrum from
Angus and Hereford dams calving in late summer.*

Control Treatment P
Colostral 1gG (g/L) 117.4 + 12.7 (17) 89.9 + 9.6 (18) 0.14
Cologtral vitamin E (ug/ml) 16.8 + 2.8 (16) 154+ 2.7 (18) 0.73

*Values are least squares means of (n) observations + standard error.
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Table 5-3. Effect of supplementing Angus and Hereford dams calving in late summer
with oral vitamin E (avg. 600 |U/head/day) during late gestation on serum vitamin E and
immunoglobulin G (1gG) concentrations of their 24-48 hour-old calves and on 205-day
adjusted weaning weights (AWWSs) of their calves.*

Control Treatment P
Serum vitamin E (ug/ml) 1.6+0.2(15) 21+02(18) 0.18
Serum IgG (g/L) 22.6 +3.1(15) 26.4 + 2.6 (18) 0.40
205-day AWW (kg) 227.4+12.9(9) 214.7 +11.2 (15) 0.36

*Values are the least sguares means of (n) observations + standard error.

Table 5-4. Effect of breed on serum vitamin E and colostral 1gG concentrations in
Angus and Hereford dams calving in late summer and on serum vitamin E and
immunoglobulin G (IgG) concentrations and 205-day adjusted weaning weights (AWWS)
of their calves.*

Breed
Variable Angus Hereford P
Dam serum vit. E (ug/ml) 2-3 days post-calving 40+0.4(14) 3.2+ 0.2(20) 0.07
Colostral vit. E (ug/ml) 20.6 + 3.6 (13) 11.6 + 1.9 (21) 0.03
Serum vit. E (ug/ml) in 24-48 hr.-old calves 24+0.3(14) 1.3+0.1(19) 0.007
Serum 1gG (g/L) in 24-48 hr.-old calves 314+ 2.6(14) 17.6 + 2.5 (19) 0.006
Calf 205-day AWW (kg) 2548+6.3(11)  187.3+9.1(13)  0.0002

*Values are least squares means of (n) observations + standard error.
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Chapter 6
Effectsof Oral Vitamin E Supplementation on Concentrations of Vitamin E,
Phospholipid, and Cholesterol in Serum and Serum Lipoprotein Fractions of
Beef Cattle

Abstract

The effects of oral vitamin E supplementation were evaluated on vitamin E, cholesteral,
and phospholipid concentrations in periparturient beef cows and their 24-48 hour-old calves.
Serum and two lipoprotein fractions, one containing no apolipoprotein B (non-ApoB) and
another containing apolipoprotein B (ApoB), were assayed in all animals. Consumption of 600-
1000 1U vitamin E/cow/day during late gestation (treatment) via a free-choice vitamin-mineral
mix increased vitamin E concentrations in serum (P=0.07) and non-ApoB (P=0.06) from 1-2
weeks pre-calving to calving. Calvesfrom treated cows had higher vitamin E concentrationsin
serum (P=0.07) and non-ApoB (P=0.06) at 24-48 hours of age than calves from untreated cows.
Treatment did not affect cholesterol or phospholipid concentrationsin serum or either lipoprotein
fraction in either cows or calves. Vitamin E, cholesterol, and phospholipid concentrations
decreased in serum and both lipoprotein fractions (P<0.0001) of cows from 1-2 weeks pre-
calving to calving. Effects of treatment on vitamin E cholesterol (VEC) and vitamin E
phospholipid (VEPL) ratios in serum, non-ApoB, and ApoB were evaluated in both cows and
calves. Treatment increased VEC (P=0.004) and VEPL (P=0.003) ratios in serum of cows; it
also increased VEC (P=0.003) and VEPL (P=0.003) ratiosin non-ApoB of cows. Calvesfrom
treated cows had higher VEC (P=0.01) and VEPL (P=0.01) ratios in serum, as well as higher
VEC (P=0.06) and VEPL (P=0.04) ratiosin non-ApoB than calves from untreated cows. All
VEC and VEPL ratio valuesin serum and both lipoprotein fractions of cows decreased from pre-
calving to calving (P<0.0001), or were affected by atime by treatment interaction (P<0.05), with
the exception of the ApoB VEPL ratio. Various breed-related differences occurred between
Angus and Hereford cows and calves in vitamin E, cholesterol, and/or phospholipid
concentrations, and/or VEC and VEPL ratios.
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INTRODUCTION

Vitamin E nutriture of cattle is commonly assessed by measuring concentrations of the
vitamin in plasma or serum.** 140:146.200.230.231 Tha req)|ting concentration is often used as the
sole factor to decide whether an animal is deficient, marginal, or adequate with respect to
vitamin E status. Like other fat-soluble vitamins, vitamin E is transported through the
bloodstream attached to a carrier molecule. However, vitamin E uses serum lipoproteins rather
than a specific carrier protein for transport through circulation.***° Vitamin E distributes
proportionately among serum lipoprotein fractions in a concentration-dependent manner that
follows the distribution of lipoprotein classes for a given species.*® The predominant lipoprotein
class present in the bovineis HDL,*** 2! which does not contain apolipoprotein B.*: ¢

Herdt and Smith advocated measuring vitamin E in conjunction with lipoproteins as a
more accurate means of assessing vitamin E nutriture, given that serum vitamin E concentrations
arerelated to and partially controlled by serum lipoprotein concentrations.*® However, serum
lipoprotein concentrations are controlled by lipid metabolism, a dynamic process that occurrs
independent of variationsin vitamin E intake and metabolism. Thus, serum vitamin E
concentrations are in part dependent upon an animal’s lipoprotein status, which may vary
considerably. A means of assessing circulating vitamin E concentrations that accounts for serum
lipoprotein status was therefore sought.

Reporting vitamin E concentrations relative to a lipid component is not a new idea. As
early as 1947, the tocopherol concentration of bovine colostrum was expressed per uflit of fat.
Horwitt et al. suggested that plasma vitamin E concentrations be expressed per gram of total
plasma lipid in 1973* Weiss et al. reported that plasma vitamin E concentrations declined by
49 and 35% from dry-off to calving in dairy cows receiving no supplemental vitamin E or 1000
|U/head/day through the dry period, respectiv&lyHowever, when expressed per unit of
plasma cholesterol, vitamin E concentrations at calving for these same two groups of cows were
92 and 116% of their respective dry-off values, thus demonstrating a relationship between
concentrations of plasma vitamin E and cholesterol in dairy cows. This relationship served as
the basis of Herdt and Smith’s evaluation of the vitamin E cholesterol (VEC) ratio as a means to
correct for the variability in serum vitamin E concentrations of dairy cattle resulting from

changes in lipoprotein concentratidfis.
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The relative concentrations of vitamin E and cholesterol do not differ between HDL,
LDL and very low density lipoprotein (VLDL) fractions of dairy cattle.** Distributions of
vitamin E and cholesterol across bovine lipoprotein fractions results in consistent VEC ratios in
HDL, LDL and VLDL fractions.** Use of the VEC ratio associates changes in serum vitamin E
concentration with changes in serum lipoprotein concentration and thereby increases accuracy in
determination of a cow’s vitamin E statlisThis relationship holds true for Holstein cattle
across various stages of lactation, with the possible exception of early lactation (0-20 days in
milk).*

Herdt and Smith acknowledge that their study does not address any of several factors that
influence circulating cholesterol and lipoprotein concentrations. Increased parity, milk yield, and
stage of lactation increase serum cholesterol concentratfo@erum cholesterol concentrations
also vary through the estrous cy€ig.Cholesterol is a primary precursor for the synthesis of
bovine steroid hormon&% and the ovary exhibits one of the highest rates of cholesterol uptake
per gram of organ tissd& however, the relative impact of these two factors on circulating
cholesterol concentrations is minimal.

Serum cholesterol concentrations are determined by serum lipoprotein concentrations,
which may be modified by external factors. Supplemental fat in the ration inéfé&eand
high ambient temperatures decré&sserum lipoprotein and total cholestéfdtoncentrations
in dairy cattle. Puppione reported that the onset of lactation increases HDL concentrations in
bovine plasmé&?

Because extrinsic and intrinsic factors modify serum cholesterol concentrations, a
different means of assessing vitamin E status relative to lipoprotein concentration is proposed.
Phospholipids, like cholesterol, are an integral lipoprotein constituent; and serum cholesterol and
phospholipid concentrations are positively correldfed.?** ?* However, phospholipid
concentrations may vary less than cholesterol concentrations, as phospholipids exist in
lipoproteins solely as a structural component of the more hydrophilic particle efterior.
Additionally, vitamin E is associated with phospholipids in membr&fied’ suggesting a better
structural relationship with phospholipid than cholesterol. Lastly, serum phospholipid
concentrations are equally, if not more consistent than cholesterol concentrations across both
changes in lipoprotein density and variations in animal age and productiof’stagfé ?*

These considerations offer reasonable evidence of the potential for a consistent relationship
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between vitamin E and phospholipid in bovine serum and across bovine lipoprotein fractions. A
vitamin E phospholipid (VEPL) ratio may therefore be a more accurate indicator of bovine
vitamin E concentration per lipoprotein particle than isthe VEC ratio.

Herdt and Smith did not evaluate vitamin E or cholesterol concentrations of the same
animal at different physiological states. Examination of the changesin lipoprotein vitamin E,
cholesterol, and phospholipid concentrations in the same animals across time may yield further
evidence of the interrelationship and dynamics of the aforementioned lipoprotein components.
Such data might support the superiority of oneratio (VEPL or VEC) over the other.

This study sought to evaluate the relationships of vitamin E, cholesterol, and
phospholipid in serum and two lipoprotein fractions of beef cattle. Serum lipoproteins are

40, 42, 44 72-74

commonly separated and classified based upon density or apolipoprotein content.
Ultracentrifugation is used to separate lipoproteins into density-dependent classes designated as
HDL, LDL, and VLDL.**#*% | ipoprotein fractions evaluated in the present study were
separated based upon apolipoprotein content. These lipoprotein fractions either did not contain
apolipoprotein B (non-ApoB) or did contain apolipoprotein B (ApoB) and equate with HDL and
LDL+VLDL, respectively.

Specific objectives included determination of vitamin E, cholesterol, and phospholipid
concentrations and relationships in serum, non-ApoB, and ApoB of beef cows between pre-
calving and calving. Vitamin E, cholesterol, and phospholipid concentrations and relationships
were also evaluated in serum, non-ApoB, and ApoB of 24-48 hour-old beef calves. The effects
of breed and provision of supplemental vitamin E (treatment) were examined on concentrations
of vitamin E, cholesterol, and phospholipid in the serum and lipoprotein fractions of cows and
calves. Vitamin E phospholipid and VEC ratios were calculated for serum, non-ApoB, and
ApoB of cows at pre-calving and calving, and of their 24-48 hour-old calves. The effects of
breed and provision of supplemental vitamin E in a free-choice vitamin-mineral mix on the

VEPL and VEC ratio values were also examined.



MATERIALSAND METHODS

Experimental Design

Blood samples were obtained from beef cattle involved in two studies evaluating the
effects of oral vitamin E supplementation during late gestation (refer to Chapters 4 and 5). Fifty-
two Angus and thirty-eight Hereford cows and heifers from two herds calving in either late
winter or late summer were chosen at random for inclusion in the study. Dystocia, neonatal calf
death, the birth of three sets of twins, and one cow not calving reduced calf numbersto forty-
nine and thirty-five for the Angus and Hereford breeds, respectively.

Sample Collection and Analysis

Blood samples were collected via coccygea venipuncture twice from each cow after the
start of vitamin E supplementation: approximately 1-2 weeks prior to calving and within 6 hours
post-calving. A single blood sample was collected from each calf at 24-48 hours of age via
jugular venipuncture. All blood samples were collected into Vacutainers~ (Beckton-Dickinson,
Franklin Lakes, NJ) without additives. Blood samples were allowed to clot, centrifuged, and the
serum from each sample was then harvested and frozen°@ v analysis. All samples
were protected from light and heat during collection, handling, preparation, and analysis to
reduce vitamin E degradation.

Two lipoprotein fractions, non-ApoB and ApoB, were derived from serum and separated
via heparin affinity chromatography (Appendix G) using a commercial kit (LDL Direct Plus,
Isolab Inc., Akron, OH). Vitamin E concentrations in serum, non-ApoB, and ApoB were
determined by high-pressure liquid chromatography (HPLC) (Appendix C). Phospholipid and
cholesterol concentrations in serum, non-ApoB, and ApoB were determined by enzymatic
colorimetric reactions using commercial kits (Appendices H and I, respectively). Colostrum was

analyzed for fat content at a DHIA laboratory via near-infrared reflectance spectroscopy (NIRS).

Data Evaluation and Statistical Analysis
Data were analyzed using the GLM procedure of SAS (version 8%1®jtamin E,
cholesterol, and phospholipid concentrations of cows were evaluated within serum, non-ApoB,

and ApoB using a split-plot in time repeated measures analysis of variance. The model included
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breed and treatment as whole-plot factors with time as the sub-plot factor; it also included al
their interactions. Cow nested within treatment and breed was used as the whole-plot error term.
Vitamin E phospholipid and VEC ratios were calculated on an equivalent mass basis for serum
and each lipoprotein fraction, then examined with the same repeated measures analysis of
variance model described above. Significant two-way interactions were evaluated using the
SLICE option to compare means of one factor within afixed level of the other factor.??

Concentrations of vitamin E, cholesterol, and phospholipid in serum, non-ApoB, and
ApoB of calveswere evaluated by analysis of variance. The model included treatment, breed,
and treatment by breed interaction. This model was also used to evaluate VEPL and VEC ratios
in serum, non-ApoB, and ApoB of calves. Vitamin E phospholipid and VEC ratios were not
statistically compared, as they were not independent of one another.

Linear regressions were performed for vitamin E versus phospholipid and vitamin E
versus cholesterol in serum and each lipoprotein fraction of cows pre-calving, cows at calving,
and 24-48 hour-old calves. The main effect of breed on colostral vitamin E and lipid content was
tested ad hoc by analysis of variance in an attempt to explain breed-related differencesin
concentrations of vitamin E, phospholipid, and cholesterol in serum and non-ApoB of 24-48

hour-old calves.

RESULTS

Treated cows had higher vitamin E concentrations in serum (P=0.07) and non-ApoB
(P=0.06) from 1-2 weeks pre-calving to calving (Table 6-1). Serum VEC and VEPL ratios were
higher for treated versus untreated cows (P=0.004 and P=0.003, respectively) (Table 6-2).
Treatment did not affect VEC or VEPL ratiosin ApoB of cows (Table 6-2). Cholesterol and
phospholipid concentrations of serum and both lipoprotein fractions were not affected by
treatment in cows from 1-2 weeks pre-calving to calving (Table 6-1). Treatment aso did not
affect vitamin E concentrations in ApoB of cows (Table 6-1).

Calves from treated cows had higher vitamin E concentrations in serum (P=0.07) and
non-ApoB (P=0.06) at 24-48 hours of age than control group calves; mean concentrations of
vitamin E in ApoB did not differ between the two groups of calves (Table 6-3). Treatment did
not affect concentrations of cholesterol or phospholipid in serum or either lipoprotein fraction of
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calves (Table 6-3). Calvesfrom treated cows had higher VEC ratios in serum (P=0.014) and
non-ApoB (P=0.009), aswell as higher VEPL ratios in serum (P=0.06) and non-ApoB (P=0.04)
than control group calves (Table 6-4). Treatment did not affect VEPL (P=0.14) but tended to
affect VEC (P=0.09) ratiosin ApoB of calves (Table 6-4).

All response variables of cows except the VEPL ratio of ApoB decreased from pre-
calving to calving or were affected by a treatment-by-time or breed-by-time interaction (Tables
6-1 and 6-2). The VEPL ratio of ApoB averaged 6.18 x 10 across the pre-calving to calving
time period (Table 6-2). Concentrations of vitamin E, cholesterol, and phospholipid in serum
and non-ApoB, as well as concentrations of vitamin E and phospholipid in ApoB, all decreased
between 1-2 weeks pre-calving and calving (P<0.0001) (Table 6-1). The VEC ratio in ApoB of
cows decreased from 1-2 weeks pre-calving to calving (P=0.06) (Table 6-2).

Cholesterol concentration in ApoB differed between treated and untreated cows from pre-
calving to calving (P=0.04). Cholesterol concentrationsin ApoB decreased over timein treated
cows (P=0.0001), but decreased to alesser extent in untreated cows (P<0.0001) (Table 6-5).
There was an interaction between time and treatment for VEC ratiosin non-ApoB of cows
(P=0.05). Vitamin E cholesterol ratios of non-ApoB did not change from pre-calving to calving
for treated cows but decreased for untreated cows (P=0.03) (Table 6-5). Similarly, there was an
interaction between time and treatment for VEPL ratios in non-ApoB of cows (P=0.02). Vitamin
E phospholipid ratios did not change in non-ApoB from pre-calving to calving in treated cows
(P=0.16), but tended to decrease in untreated cows (P=0.07) (Table 6-5).

Breed and time interacted on VEC (P=0.05) and VEPL (P=0.04) ratios in the serum of
cows. Serum VEC and VEPL ratios of Angus cows did not change between pre-calving and
calving but serum VEC and VEPL ratios of Hereford cows decreased (P=0.003 and P=0.0007,
respectively) during the same period (Table 6-6). The changein VEPL ratios of non-ApoB
differed for Angus and Hereford cows between pre-calving and calving (P=0.04). Vitamin E
phospholipid ratios in non-ApoB of Angus and Hereford cows numerically increased (P=0.19)
and decreased (P=0.12), respectively, between pre-calving and calving (Table 6-6).

Angus cows had lower cholesterol concentrations in non-ApoB (P=0.048) and higher
phospholipid concentrations in ApoB (P=0.014) than Hereford cows (Table 6-1). Angus cows
had higher VEC ratios in non-ApoB than Hereford cows (P=0.049) (Table 6-2). At 24-48 hours

of age, Angus calves had higher vitamin E concentrations in serum (P=0.009) and non-ApoB
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(P=0.001) than Hereford calves (Table 6-3). Angus calves had higher concentrations of
cholesterol and phospholipid in serum (P=0.0002 and P=0.0001, respectively) and non-ApoB
(P=0.0001 for both), than Hereford calves (Table 6-3). No breed-related effects occurred for calf
VEC or VEPL ratios (Table 6-4).

Ad hoc analysis of colostral composition revealed the Angus breed had higher colostral
vitamin E (P=0.03) and fat (P=0.04) content than Herefords. Mean colostral vitamin E
concentration for the Angus breed was 16.9 + 1.7 ug/ml versus 10.9 + 2.0 pg/ml for Herefords.
Angus and Hereford colostrum contained an average of 7.0 + 0.6% and 5.0 = 0.7% fat,
respectively.

Linear regressions of cholesterol, phospholipid, and vitamin E in serum, non-ApoB, and
ApoB were performed for cows pre-calving, cows at calving, the concentration differences
between the two physiologic states, and 24-48 hour old calves (Appendix J). All linear
regressions of cholesterol versus vitamin E and phospholipid versus vitamin E were significant
(P<0.005) with the exception of phospholipid versus vitamin E in ApoB of calves (P=0.52).

Rel ationships between cholesterol and vitamin E and phospholipid and vitamin E respectively
explained 29% and 31% of the variation in serum vitamin E concentrationsin cows 1-2 weeks
before calving (Figure 6-1). In parturient cows, relationships between cholesterol and vitamin E
and phospholipid and vitamin E explained 22% and 25% of the variation in serum vitamin E
concentrations, respectively (Figure 6-1). Relationships between cholesterol and vitamin E and
phospholipid and vitamin E respectively explained 32% and 26% of the variation in serum

vitamin E concentrations for 24-48 hour-old calves (Figure 6-1).
DISCUSSION

Results of this study indicate oral vitamin E supplementation does not alter circulating
concentrations of cholesterol or phospholipid in serum lipoproteins of cattle. This finding agrees
with those of Weiss et al. who determined that feeding 890 IU/head/day supplemental vitamin E
to dry dairy cows did not affect plasma cholesterol concentrations at any time from 2 weeks pre-
to 2 weeks post-calving but increased plasma vitamin E concentrations at parturition.?®

Serum cholesterol concentrations observed for beef cows in this study averaged 128
mg/dl 1-2 weeks pre-calving and 109 mg/dl at calving. Comparable concentrations of serum
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cholesterol were reported by Herdt and Smith for |ate gestation and periparturient dairy cattle,*°
and by Marcos et a. for dairy cows with normal liver triglyceride content in early lactation.”
Serum cholesterol concentrations of cows reported in the present study are also similar to those
reported by Raphael et al. for Holsteins 0-15 weeks pre-calving™ and by Puppione et al. for
lactating, non-pregnant dairy cows.”** However, cholesterol concentrations within lipoprotein
fractions might differ for beef and dairy cows. Results of the current study indicate
periparturient beef cows have higher non-ApoB and lower ApoB cholesterol concentrations than
late gestation dairy cows with similar concentrations of serum cholesterol.

Serum phospholipid concentrations in the present study averaged 131 and 113 mg/dl for
pre-calving and calving cows, respectively. These serum phospholipid concentrations are similar
to those reported by Raphael et al. for Holsteins 0-15 weeks pre-calving.** However, beef cows
in this study distribute serum phospholipid differently between lipoprotein fractions than do
dairy cattle. Asnoted above for cholesterol, agreater concentration of phospholipid existsin
non-ApoB and alower concentration in ApoB of periparturient beef versus late gestation dairy
cattle. Differencesin cholesterol and phospholipid concentrationsin lipoprotein fractions
between beef and dairy cows likely reflect overall differencesin lipoprotein fraction
distributions.** These differences could result from differences in energy balance,>® genetics,
diet,?*?*" method of sample analysis, or some combination of the above.

Calvesin this study had serum cholesterol and phospholipid concentrations of
approximately 50 and 75 mg/dl, respectively. These serum cholesterol concentrations are 50%
lower than those reported for two-month-old Angus calves™ and 40% lower than those reported
for five-week-old Holstein-Friesian male calves fed a conventional milk replacer diet.*® In
contrast, Forte et al. reported serum cholesterol concentrations for newborn calves (1-9 days of
age) that were 12% lower than those reported in the present study.* Serum phospholipid
concentrations of neonatal beef calves have not been previously reported to the author’s
knowledge. Although one study reporting the lipoprotein composition of newborn calves exists,
breed is not specifiel. Serum phospholipid concentrations of calves in the present study were
58% higher than those reported by Forte ét dh contrast, serum phospholipid concentrations
of calves in the present study were 44 and 37% lower than those previously reported for sixteen-

% and five-week-oltf® Holstein calves, respectively. The differences in serum cholesterol and
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phospholipid concentrations between neonatal beef calves and pre-ruminant dairy calvesresult in
part from age-related differencesin overall serum lipoprotein concentrations.*> ®

Vitamin E, cholesterol, and phospholipid concentrations in the serum of 24-48 hour-old
calves were 35, 42, and 61%, respectively, of the corresponding values for mature cows in the
present study. Day-old calves differ from cowsin their lipoprotein lipid and vitamin E
concentrations because of the rapid conversion from afetal lipoprotein profile where LDL
(ApoB) predominates to amature, HDL (non-ApoB)-predominant profile.* The calves’ high
dietary fat intake (in the form of colostrum) also supports a higher proportion of ApoB particles
in serum when compared to the forage-based rations of adulfEows.

Significant effects of time on vitamin E, cholesterol, and phospholipid concentrations of
periparturient cows were expected, but have not been previously reported for beef cattle. The
periparturient decline in serum and lipoprotein concentrations of vitamin E, cholesterol, and
phospholipid for beef cows in the present study is similar to the decline reported in dairy
cattle? 200234 23529 5 js attributed to corresponding decreases in lipoprotein
concentration§* Findings of this study suggest that, as for dairy cHttlee majority of lipids
and vitamin E in beef cattle serum are associated with the non-ApoB (HDL) fraction.

Concentrations of vitamin E, cholesterol, and phospholipid differed between the Angus
and Hereford breeds. Angus cows had lower non-ApoB cholesterol and higher ApoB
phospholipid concentrations across time than Hereford cows. Angus calves had higher
concentrations of vitamin E, cholesterol, and phospholipid in serum and non-ApoB than
Hereford calves. The higher vitamin E and lipid content of Angus colostrum could account for
the higher vitamin E, cholesterol, and phospholipid concentrations of Angus calves, as increasing
dietary fat content is associated with higher serum lipoprotein concentrations if*attle.

Greater lipid deposition in colostrum could explain the lower cholesterol concentrations in non-
ApoB of Angus cows.

Serum VEC ratios for cows in the present study are higher than those previously reported
for dairy cows™ This difference results from higher concentrations of serum vitamin E for beef
cows. The decline in VEC and VEPL ratios from pre-calving to calving in the present study
indicates that factors other than decreasing lipoprotein concentrations may be involved in the
periparturient decline in serum vitamin E concentrations. Possible reasons for the

disproportional concentration changes of vitamin E and serum lipoproteins during the
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periparturient period include deposition of vitamin E in colostrum,** 2%

achangein the
saturation properties of lipoprotein particles,® 3* 2! and decreased vitamin E intake. %

Although values were not compared statistically, VEC and VEPL ratios of calves were
consistently lower than those of cows. Lower ratios in calves support the premise that neonates
have alower vitamin E status than adult cattle. Serum VEC and VEPL ratios for calves suggest
they are 80% and 55% as vitamin E-replete, respectively, as adult cattle. A comparison of serum
vitamin E concentrations between cows and calves suggests calves are 35% as vitamin E-replete
ascows. The variation in results among these three comparisons provides no support for any
particular method(s). The author does not know which comparison best reflects actual vitamin E
nutriture in cows and calves, but suspects the difference is more accurately represented by serum
VEPL ratios or vitamin E concentrations. This assumption is based on the higher incidence of
white muscle disease in calves as compared to adult cattle.® 8 1%

Differences in vitamin E concentrations caused the differencesin VEC and VEPL ratios
that occurred in the present experiment. For example, VEC and VEPL ratios in serum and non-
ApoB for both cows and calves were increased by treatment because vitamin E concentrations in
cow and calf serum and non-ApoB were also increased by treatment. This consistency suggests
the ratios are sensitive indicators of changesin vitamin E concentration in light of cholesterol or
phospholipid concentration. However, the author is not certain that VEC or VEPL ratios are
substantial improvements over serum vitamin E concentrations for assessing vitamin E nutriture,
or if the accuracy of one ratio exceeds that of the other.

The relationship between concentrations of phospholipid and vitamin E in serum
explained a greater percentage of the variation in serum vitamin E concentrations for cows than
did the relationship between concentrations of cholesterol and vitamin E in serum; the opposite
was true for calves. However, the coefficients of determination for serum vitamin E versus
cholesterol and serum vitamin E versus phospholipid were similar to one another in al linear
regression analyses performed. Furthermore, no regression relationship explained more than
33% of the variation in serum vitamin E concentration. Simple linear regression therefore did
not provide evidence that supported one ratio over the other.

Based upon the comparisons discussed above, results of this study suggest either serum
cholesterol or phospholipid may be used as a lipoprotein “marker” against which to compare

serum vitamin E concentrations for beef cows and calves.
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In summary, vitamin E, cholesterol, and phospholipid appear to exhibit similar
concentrations within and distributions among the serum lipoprotein fractions for beef cows and
neonatal beef calves. The vitamin E and cholesterol data reported herein generally agree with
those previously reported for dairy cows. VEC ratios for beef cows tend to be higher but exhibit
the same periparturient changes as for dairy cows. Vitamin E supplementation does not affect
concentrations of the major lipid components of bovine lipoproteins. Supplemental vitamin E
affects VEC and VEPL ratios only when vitamin E concentrations are concurrently affected.

The findings of this study suggest that using either the VEPL or VEC ratio will resultina
relatively equal assessment of vitamin E concentration relative to lipoprotein concentration for
periparturient cow and neonatal calf serum. These ratios more accurately depict vitamin E
concentration per lipoprotein particle, but may not reflect overall vitamin E status better than
serum vitamin E concentrations alone. To potentially validate one or both ratios, the author
believes research that compares ratio values to defined levels of vitamin E nutriture and also
establishes ratio reference interval s needs to be conducted.
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Table6-1. Effectsof time, breed, and consumption of 600-1000 IU/head/day supplemental vitamin E (treatment) during late
gestation on concentrations of vitamin E, cholesterol, and phospholipid in serum, alipoprotein fraction containing no apolipoprotein B
(non-ApoB), and a lipoprotein fraction containing apolipoprotein B (apoB) of beef cows between 1-2 weeks pre-calving and calving.*

Treatment Time Breed P

Analyte Fraction Control ~ Supplement | Pre-calving  Calving Angus Hereford | Treatment Time  Breed Trtx Time Brd x Time
VitaminE ~ Serum 48+02  54+0.2 5.7+0.2 44402 | 52402  5.0%0.2 0.07 00001 0.63 0.19 0.08
(ng/ml) Non-ApoB  4.2+0.2  4.8+0.2 5.0+0.2 41402 | 4602  45+0.2 0.06 00001 0.66 0.10 0.06
ApoB 05+0.03 0.6+£0.04 | 0.8+0.03 0.4+0.02 | 0.6£0.03 05+0.03 057 00001 053 0.55 0.52
Cholesterol ~ Serum 120+3 117+3 128+3 109+2 11642 121+3 055 00001 0.25 0.46 0.95
(mg/dl) Non-ApoB  112+3 111+3 120+3 103+2 10742 116+3 0.78  0.0001 0.05 0.41 0.19
ApoB 13+0.5 13+0.7 17405 9+0.3 13+0.6 13+0.6 037 00001 0.71 0.04 0.94
Phospholipid  Serum 124+2 12142 131+2 113+2 12242 122+3 041 00001 0.98 0.53 0.74
(mg/di) Non-ApoB  107+2 105+2 11622 96+2 103+2 109+3 040 00001 013 0.92 0.50
ApoB 10£0.5 9+0.5 13+0.5 6+0.2 10+0.5 9+0.5 054 00001 0.01 0.61 0.27

*Values are least squares means + standard error of 90 pre-calving and calving observations, 43 and 47 control and supplement group observations, and 52 and
38 Angus and Hereford breed observations, respectively.
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Table 6-2. Effectsof time, breed, and consumption of 600-1000 IU/head/day supplemental vitamin E (treatment) during late
gestation on vitamin E cholesterol (VEC) and vitamin E phospholipid (VEPL) ratiosin serum, alipoprotein fraction containing no
apolipoprotein B (non-ApoB), and a lipoprotein fraction containing apolipoprotein B (apoB) of beef cows between 1-2 weeks pre-
calving and calving.

Ratio Treatment Time Breed P

(Valuex 10°) Fraction Control  Supplement | Pre-calving  Calving Angus Hereford | Treatment Time Breed Trtx Time Brd x Time

VEC Serum 3.95+0.12 4.61+0.15 | 4.47+0.14 4.08+0.14 | 4.42+0.14 4.14+0.13 0.004 0.01 0.21 0.09 0.05
Non-ApoB  3.73+0.10 4.35+0.14 | 4.12+0.12 3.96+0.13 | 4.24+0.13 3.83+0.11 0.003 0.26 0.05 0.05 0.13
ApoB 4.20+0.17 4.37+0.27 | 4.63t0.27 3.94+0.18 | 4.39+0.24 4.18+0.19 0.55 0.06 0.47 0.78 0.91

VEPL Serum 3.81+0.12 4.42+0.13 | 4.34+0.13 3.89+0.12 | 4.17+0.13 4.07+0.12 0.003 0.002 0.63 0.10 0.04
Non-ApoB  3.89+0.12 4.59+0.15 | 4.26+0.13 4.22+0.15| 4.38+0.14 4.10+0.13 0.003 0.74 0.23 0.03 0.04
ApoB 5.98+0.28 6.43+0.31 | 6.33+t0.28 6.08+0.31 | 5.89+0.26 6.53+0.35 0.33 0.54 0.16 0.63 0.70

*Values are least sguares means + standard error of 90 pre-calving and calving observations, 43 and 47 control and supplement group observations, and 52 and
38 Angus and Hereford breed observations, respectively.



Table 6-3. Effectsof maternal consumption of 600-1000 |U/head/day supplemental

vitamin E (treatment) during late gestation and breed on concentrations of vitamin E,
cholesterol, and phospholipid in serum, alipoprotein fraction containing no
apolipoprotein B (non-ApoB), and a lipoprotein fraction containing apolipoprotein B
(apoB) of beef calves at 24-48 hours of age.*

Treatment Breed P
Analyte Fraction Control  Supplement Angus Hereford | Treatment Breed
VitaninE  Serum 1.6+0.1 1.9+0.4 2.0+0.1 1.5+0.1 0.07 0.009
(ug/ml) Non-ApoB 1.3+0.1 1.5+0.1 1.6+0.1 1.1+0.1 0.06 0.001
ApoB 0.4+0.03  04+0.03 | 04+0.03  0.4+0.03 0.23 0.94
Cholesterol ~ Serum 51+2 49+1 54+2 46+1 0.37 0.0002
(mg/dl)  Non-ApoB 382 37£1 42+1 33+1 0.57 0.0001
ApoB 13+0.5 12+0.4 13+0.5 12+0.5 0.35 0.36
Phospholipid Serum 76+3 7522 83+3 68+2 0.85 0.0001
(mg/dl)  Non-ApoB 63£3 62+2 69+2 5542 0.94 0.0001
ApoB 12+0.6 11+0.4 12+0.5 11+0.5 0.47 0.25

*Values are least squares means + standard error of 39 and 45 control and supplement group observations,
and 49 and 35 Angus and Hereford breed observations, respectively.

Table 6-4. Effects of maternal consumption of 600-1000 |U/head/day supplemental
vitamin E (treatment) during late gestation and breed on vitamin E cholesterol (VEC) and
vitamin E phospholipid (VEPL) ratiosin serum, alipoprotein fraction containing no
apolipoprotein B (non-ApoB), and a lipoprotein fraction containing apolipoprotein B
(apoB) of beef calves at 24-48 hours of age.*

Ratio Treatment Breed P
(Valuex 10®% Fraction Control ~ Supplement Angus Hereford | Treatment Breed
VEC Serum 3.14+0.18 3.84+0.20 | 3.68+0.19 3.31+0.21 0.01 0.19
Non-ApoB  3.24+0.18 4.01+0.21 | 3.86+0.20 3.39+0.22 0.01 0.11
ApoB 2.76x0.22 3.31+0.23 | 2.90+0.19 3.17+0.29 0.09 041
VEPL Serum 2.14+0.13 251+0.14 | 240+0.13 2.24+0.14 0.06 0.42
Non-ApoB  2.00+0.12 2.38+0.13 | 2.34+0.13 2.04+0.12 0.04 0.10
ApoB 327029 3.90+0.30 | 3.34+0.25 3.83+0.37 0.14 0.25

*Values are least sguares means + standard error of 39 and 45 control and supplement group observations, and
49 and 35 Angus and Hereford breed observations, respectively.
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Table 6-5. Effect of atreatment by time interaction on cholesterol concentrationsin a
lipoprotein fraction containing apolipoprotein B (apoB), vitamin E cholesterol (VEC)
ratios in alipoprotein fraction containing no apolipoprotein B (non-apoB), and vitamin E
phospholipid (VEPL) ratiosin non-ApoB of beef cows from 1-2 weeks pre-calving until
calving.

Time
Analyte or Ratio Fraction Group Pre-calving Calving pS
Cholesterol (mg/dl)  ApoB Treatment 18+1 9+0 0.0001
Control 16+1 10+0 <0.0001
VEC ratio (x 10°) Non-ApoB Treatment 4,29+0.19 4.40+0.21 0.55
Control 3.94+0.15 3.52+0.13 0.03
VEPL ratio (x 10%)  Non-ApoB Treatment 4.45+0.19 4.73+0.23 0.16
Control 4.08+0.17 3.70+0.16 0.07

*Values are least squares means + standard error of 47 and 44 pre-calving observations, and 47 and 43
calving observations for the control and treatment groups, respectively.
8p.values derived from the SLICE option of SAS (version 6.12).

Table 6-6. Effect of abreed by time interaction on vitamin E cholesterol (VEC) and
vitamin E phospholipid (VEPL) ratiosin serum and on VEC ratiosin alipoprotein
fraction containing no apolipoprotein B (non-ApoB) of beef cows between 1-2 weeks
pre-calving and calving.*

Time

Ratio (x 10°) Fraction Breed Pre-calving Calving p8

VEC Serum Angus 4.47+0.21 4.37+0.19 0.62
Hereford 4.48+0.18 3.79+£0.17 0.003

VEPL Serum Angus 4.24+0.19 4.09+0.17 0.38
Hereford 4.43+0.16 3.70+0.17 0.0007

Non-ApoB Angus 4.26+0.18 4.50+0.22 0.19

Hereford 4.27+0.18 3.93+0.18 0.12

*Values are least sguares means + standard error of 54 and 38 pre-calving observations, and 53 and 38
calving observations for the Angus and Hereford breeds, respectively.

8p.values derived from the SLICE option of SAS (version 6.12).

66



Figure 6-1. Relationships between vitamin E and cholesterol, and vitamin E and

phospholipid in the serum of beef cows 1-2 weeks pre-calving, cows at calving, and 24-

48 hour-old beef calves.
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Chapter 7

Summary and Conclusions

This dissertation focused on evaluating the effects of vitamin E supplementation in beef
and dairy cattle during late gestation. A second objective was investigation of the relationship
between vitamin E and lipoproteins in the serum of beef cattle. A synopsis of results and
conclusions follows.

The study involving dairy cows (Chapter 3) reveaed two previously unreported
differences in circulating concentrations of micronutrientsin dairy cattle. Jersey and Holstein
cows had different blood Se concentrations through the dry period. Results also indicated the
potential for breed-related differences in vitamin E metabolism, given the different serum
vitamin E concentrations of Jerseys and Holsteins at dry-off. Previous reports of the duration of
efficacy for supplemental vitamin E administered by parenteral means were confirmed. Injecting
dairy cows with vitamin E at the recommended label dosages did not affect serum vitamin E
concentrations 3-4 weeks post-administration. Therefore, thisform of supplemental vitamin E
provision was deemed impractical for beef cattle in most production scenarios due to labor
considerations. Oral vitamin E supplementation was thus chosen in the beef cattle studies that
followed. The author believes the oral route is the best means of providing supplemental vitamin
E to cattle.

Beef cattle in both the winter- and summer-calving studies (Chapters 4 and 5,
respectively) were provided with supplemental vitamin E in a free-choice vitamin-mineral mix.
This means of vitamin E provision seems particularly appropriate for cow-calf herds, the
majority of which subsist on 100% forage rations for most if not all of the year. Other methods
of oral vitamin E provision require the daily feeding of some form of concentrate-- an
impractical consideration for cattle on good quality pasture and a significant labor increase for
herds consuming only pasture or hay. Providing supplemental vitamin E in the mineral mix
would result in aminimal increase in labor.

Oral vitamin E supplementation enhanced production responses of cattle that consumed
stored forages during late gestation. Conversely, cattle consuming vegetative forage did not
respond to oral vitamin E supplementation during late gestation. In the presence of an

abundance of dietary vitamin E,? **"?'> supplemental vitamin E may yield no responses unless
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provided at levels approximating at least twice that of the basal diet.}’® ?®* %" The author
believes continuous, adequate vitamin E intake is essential for maintaining optimal beef cattle
productivity. Results of the present experiments suggest that if beef cows are to attain optimal
productivity, they may require higher dietary levels of vitamin E than those recommended by the
National Research Council® and BASF Corporation.* Based on these results, the author
believes beef cattle should consume aminimum of 1200 U vitamin E/head/day during late
gestation.

Most producers will adopt a new management practice if they anticipate tangible and
economically justifiable results. Cows and calves in the treatment group of the winter-calving

study may have derived unnoticed benefits (e.g. enhanced immune function™ 167 168

) from the
supplemental vitamin E, but this possibility was not evaluated. However, calves from
supplemented cows in the winter-calving herd had increased 205-day adjusted weaning weights
(AWWSs) and calves from supplemented heifers in the winter-calving herd tended towards the
same. Thisresult economically justifies the cost of vitamin E supplementation.

Supplemental vitamin E cost approximately $2.50 per head, given that the average cow in
the winter-calving herd calved 30 days into the calving season. Thisyields an overall cost of
approximately $200 for vitamin E supplementation in the winter-calving herd. The twenty-four
calves from treated cowsin trial 1 and the fourteen calves from treated heifersin trial 2 had 205-
day AWWs that averaged 19.6 and 17.2 kilograms heavier, respectively, than calvesin the
control groups. Attributing all differencesin weight gain to the effects of supplementation
would result in 711 additional kilograms of weaned calf from these two study populations. Even
with an average price of $65.00 per hundred-weight for weaned calves, greater than a 5-to-1
return on investment (excluding any added labor costs) was achieved for al cattle involved in the
winter study. Thus, the heavier 205-day AWWSs of calvesin the treatment groups paid for the
cost of supplementation more than five times over. Although the author would not recommend
supplemental vitamin E under all circumstances, it appears cost-effective in cow-calf herds that
are consuming stored forages during late gestation, are similarly managed, and of similar breed
composition to that involved in the winter study. Further research should be done to test the
repeatability of these findings and thereby provide additional evidence for or against the results

on which these potential recommendations are based.
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Vitamin E concentrations in serum and colostrum differed between Angus and Hereford
cattle in several instances. Angus cows in the winter-calving herd had higher colostral vitamin E
concentrations and often had higher serum vitamin E concentrations than Herefords. Angus
calvesin the winter-calving herd had higher serum vitamin E concentrations at 24-48 hours of
age than Hereford calves. Increased concentrations of serum vitamin E in Angus calves appear
to be primarily of colostral origin. Angus colostrum contains higher concentrations of both lipid
and vitamin E than Hereford colostrum. These differences afford Angus calves a physiologic
basis for higher concentrations of serum lipoproteins and also provide additional vitamin E that
facilitates increased concentrations of this nutrient in serum.

Angus cows may not utilize the same mechanism as their calves for breed-related
differencesin serum vitamin E concentrations. Angus cows had statistically and numerically
higher pre-calving concentrations of serum vitamin E than Hereford cows in the winter- and
summer-calving herds, respectively. Although one might suspect Angus cows of having higher
lipoprotein concentrations at this time, results indicate otherwise. Angus cows had lower
concentrations of cholesterol in the lipoprotein fraction containing no apolipoprotein B (non-
ApoB) and higher concentrations of phospholipid in the lipoprotein fraction containing
apolipoprotein B (ApoB) than Hereford cows between pre-calving and calving. No breed-rel ated
differences in serum cholesterol and phospholipid concentrations occurred and the potential
differences in lipoprotein fraction concentrations effectively cancelled each other out. Therefore,
one might logically conclude that Angus cows have higher concentrations of serum vitamin E
than Hereford cows with comparable concentrations of serum lipoproteins. Breed-related

differencesin lipoprotein saturation capabilities™® 22% 23

might explain this result, and the
differencein VEC ratios in non-ApoB between Angus and Hereford cows provides some support
for thistheory. However, no breed-related differencesin VEC or VEPL ratios occurred in serum
or ApoB of cows. The variability of these results suggests additional research is required before
more definitive conclusions are drawn.

Beef and dairy cattle exhibit similar vitamin E and lipoprotein relationships. Serum
lipoprotein concentrations appear to be the primary determinant of serum vitamin E
concentrations in beef cattle consuming diets that are not deficient in vitamin E. High-density
lipoprotein (equated with non-ApoB in this dissertation), the predominant lipoprotein fraction in

cattle, accounts for the majority of changesin serum vitamin E and lipoprotein concentrations
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that occur over time.** Low-density lipoprotein and VLDL concentrations (equated with ApoB
in this dissertation) influence serum vitamin E concentrations in a similar manner, but to alesser
extent than HDL.*

Serum vitamin E can be reported relative to lipoproteins or some lipid component of
lipoproteins.*> 2 Advocates believe such methods enhance the accuracy of assessing vitamin E
nutriture by concurrently evaluating circulating vitamin E and lipid concentrations.® The VEC
ratio proposed by Herdt and Smith* was evaluated against a novel method of assessing vitamin
E concentration per lipoprotein particle proposed by the author, the VEPL ratio. Experimental
results did not support greater accuracy of one ratio over the other and suggested no practical
difference between the two. Consideration of analytical methods yields further impartiaity to
ratio selection, as the phospholipid and cholesterol assays are similar in cost (as utilized in this
disseration research), use the same equipment, and require the same amount of time and
technical proficiency to run.

The working knowledge of vitamin E metabolism and homeostasis in ruminants presently
contains as many assumptions, theories, and extrapolations as it does facts. Future research may
reveal one of these ratios as more accurate or of greater practical application than the other.
Vitamin E cholesterol and VEPL ratios do account for circulating lipid concentrations, but valid
reference intervals have not yet been established for either ratio. Until thiswork is done, the
added time and expense of performing the phospholipid or cholesterol analysis required for ratio
determination is not justifiable from a diagnostic standpoint. The author therefore believes
serum vitamin E concentrations presently remain the best means of assessing and predicting an

animal’s vitamin E nutriture.
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Appendix A

Composition of Free-choice Vitamin-mineral Mix (as-fed basis):

Nutrient

Cacium
Phosphorus
Salt (NacCl)
Magnesium
Sulfur
Potassium
Zinc
Manganese
Copper
lodine
Cobalt
Selenium
Vitamin A
Vitamin D
Vitamin E

Concentration

(min.) 12.50%
(min.) 7.00%
(min.) 11.00%

.......... (max.) 15.00%

(min.) 12.00%

(min.) 1.00%

(min.) 1.00%

(min.) 0.11%

(min.) 0.10%

(min.) 0.028%
(min.) 0.005%

(min.) 0.0011%

(min.) 0.003%
200,000 IU/Ib.

50,000 1U/Ib.
250 IU/Ib.
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Appendix B

Formulafor Calculating 205-day Adjusted Weaning Weight
(BIF Standard Adjustment Factors)

(((Actual Calf Weight - Birth Weight) / Days of Age) * 205) + Birth Weight
+ Age of Dam and Calf Gender Adjustment

This equation adjusts calves to the same age, thus removing this variable from
consideration. Age of dam and calf gender are also adjusted to remove two additional
sources of variation. Calves from cows age 5-10 years receive no adjustment (adjustment
factor=0). The following adjustment factors were used in calculating 205-day adjusted
weaning weights for calvesin chapters 4 and 5.

Weaning Weight Adjustment (kg)

Age of Dam (years) Mae Female
2 27.27 24.55
3 18.18 13.36
4 9.09 8.18
5-10 0 0
11 and older 9.09 8.18
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Appendix C

Analysis of Vitamin E Concentrationsin Serum and Lipoprotein Fractions

A. Sample Collection and Handling

1. Blood samples were collected from each cow at the outset of the experiment, 1-2
weeks pre-calving, within 6 hours post-calving, and 2-3 days post-calving via coccygeal
venipuncture. Blood samples were taken from each calf at 24-48 hours of age viajugular
venipuncture. Vacutainers” (Beckton-Dickinson, Franklin Lakes, NJ) without additives
were used to collect all blood samples.

2. Blood samples were allowed to clot for 30-60 minutes at room temperature,
centrifuged at 3433 x g for 6 minutes, and the serum from each sample was then
harvested.

3. Serum samples were stored frozen at€2antil the time of analysis.

4. Samples were protected from light and heat to the greatest extent possible during
collection, handling, and analysis.

B. Sample Preparation

1. Serum samples were removed from freezer and allowed to thaw and warm to room
temperature.

2. After reaching room temperature, each serum sample was vortexed (10-15 seconds) to
eliminate any settling or separation that may have occurred.

3. Serum samples were subsequently analyzed for vitamin E concentration.

4. Lipoprotein fractions were generated as indicated in Appendix G and were handled
and analyzed by the same procedure as used for serum.

C. Vitamin E Extraction Procedure

1. Place sample (serum- 0.5 or 1.0 ml, HDL or LDL+VLDL eluate- 2.5 ml) in 12 X 80

mm glass test tube. Lipoprotein fraction eluates (2.5 ml each) used for vitamin E analysis
were derived from 400l of serum.

2. Add 100ul of 1000ug/ml vitamin E acetate in ethanol (internal standard) to sample.
Vortex test tube twice in succession for 7-8 seconds each time.

3. Add 2 ml HPLC-grade ethanol to sample and vortex twice for 5-6 seconds, then thrice
more in succession for 9-10 seconds each time (precipitates serum proteins and
deproteinates sample).

4. Add 3 ml HPLC-grade cyclohexane to sample. Vortex tube 3 times for 4-6 seconds
each time, then thrice more in succession for 10-13 seconds each time (separates lipid-
soluble components of serum into the added cyclohexane).

5. Centrifuge sample for 10 minutes at 306 x

- When finished, centrifuged sample will exist in 3 phases: 1) top layer- cyclohexane
layer (containing vitamin E), 2) bottom layer- ethanol layer, and 3) proteinaceous
centrifugate.

6. Using a transfer pipette, remoargir e cyclohexane (top) layer and place in 1 dram
screw-cap vial.
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7. Uncap vial and affix vial to a rotary evaporator (Buchi Rotavapor R-114, Brinkmann
Instruments, Inc., Westbury, NY, 11590). Evaporate under vacuum at near-maximum
rotary speed (160-180 rpm), with sample immersed in 3& 3&ter bath until solvent is
completely evaporated (approximately 3-4 minutes).

D. Sample Reconstitution

1. Reconstitute sample with 1Q0of 20% cyclohexane in ethanol, being certain to
completely “rinse” vial with solvent in order to return all vitamin E to solution. Vortex
thoroughly to enhance rinsing process. Serum samples of 0.5 and 1.0 ml have been
concentrated 5- and 10-fold, respectively. Lipoprotein fraction samples have been
concentrated 4-fold.

2. Pipette the entire 10 sample into a 1501 HPLC sample insert within a brown
HPLC vial in preparation for HPLC analysis. Cap tightly with top containing intact
silicone septum.

3. Ensure that no air bubbles exist at the bottom of the sample insert vial.

4. Place prepared samples on HPLC machine for analysis.

E. HPLC Analysis for Vitamin E Concentration

1. Samples underwent HPLC analysis on a Varian Star Chromatograph (Varian, Sugar
Land, TX). Serum and lipoprotein fractions were respectively analyzed with Supelco
and PhenomenéxC18 reverse phasepsn, 4.6 x 150 mm columns and guard column.

2. Pure methanol (100%) was employed as the mobile phase at a flow rate of 2 ml/min
(isocratic elution).

3. Ultraviolet detection was carried out at 294 nm usingjd fifjection loop for alll

serum samples and for cow lipoprotein fraction samples; injection volumegubihgde

used to ensure proper filling of sample loop. AuRbhjection loop was used for all calf
lipoprotein fraction samples; injection volumes offé@vere used on calf lipoprotein

fraction samples to ensure proper filling of sample loop.

4. Alpha-tocopherol standards were analyzed with each batch of samples. Peak areas of
six standarax-tocopherol solutions (5, 10, 25, 37.5, 50, 75, andufithl) were used to
generate a standard curve and associated regression equation.

5. The concentration of-tocopherol in each sample was determined by comparing its
peak area with those of standard solutions.

6. The peak area of each sample was plugged into the standard curve equation and the
vitamin E (@-tocopherol) concentration was calculated. Percent recovery was corrected
for using peak area of tlretocopheryl acetate internal standard; sample concentration
factors were also accounted for.
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Appendix D

Analysisof Colostral Vitamin E Concentration

A. Sample Collection and Handling

1. Colostrum samples were obtained from each dam within 6 hours of calving for
determination of 1gG concentrations. For each dam, ateat (or teats) was wiped clean,
stripped 3-4 times, and 20-30 ml of colostrum was collected in a Whirl-Pak" .

2. Colostrum samples were stored frozen atS2til the time of analysis.

3. Samples were protected from light and heat to the greatest extent possible during
collection, handling, and analysis.

B. Sample Preparation

1. Remove colostrum samples from freezer&pthaw, and allow them to warm to

room temperature.

2. Vortex each colostrum sample thoroughly (30-40 seconds). Remove test tube cap and
ring tube with wooden applicator stick to remove any lipid component that has not
returned to suspension. Replace cap and vortex thoroughly again (additional 30-40
seconds).

C. Vitamin E Extraction Procedure

1. Place 500 mg colostrum sample in 12 X 80 mm glass test tube.

2. Add 100ul of 1000ug/ml vitamin E acetate in ethanol (internal standard) to sample.
Vortex test tube twice in succession for 10-12 seconds each time.

3. Add 3 ml HPLC-grade ethanol to sample and vortex twice for 5-6 seconds, then thrice
more in succession for 9-10 seconds each time (precipitates serum proteins and
deproteinates sample).

4. Add 3 ml HPLC-grade cyclohexane to sample. Vortex tube twice for 4-6 seconds,
then thrice more in succession for 10-13 seconds each time (separates lipid-soluble
components of serum into the added cyclohexane).

5. Centrifuge sample for 10 minutes at 306 x

- When finished, centrifuged sample will exist in 3 phases: 1) top layer- cyclohexane
layer (containing vitamin E), 2) bottom layer- ethanol layer, and 3) proteinaceous
centrifugate.

6. Using a transfer pipette, remoargir e cyclohexane (top) layer and place in 3 dram
screw-cap vial.

7. Repeat steps 4-6 twice more, adding the resulting cyclohexane layers to the same
aforementioned 3 dram vial.

8. Uncap vial and affix vial to a rotary evaporator (Blichi Rotavapor R-114, Brinkmann
Instruments, Inc., Westbury, NY, 11590). Evaporate under vacuum at near-maximum
rotary speed (160-180 rpm), with sample immersed in 3& 3&ater bath until solvent is
completely evaporated (approximately 5-7 minutes).
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D. Sample Reconstitution

1. Reconstitute sample with 100 pl of 20% cyclohexane in ethanol, being certain to

completely “rinse” vial with solvent in order to return all vitamin E to solution. Vortex
thoroughly to enhance rinsing process. Colostrum samples have been concentrated 5-
fold.

2. Pipette the entire 10 sample into a 150l HPLC sample insert within a brown

HPLC vial in preparation for HPLC analysis. Cap tightly with top containing intact
silicone septum.

3. Ensure that no air bubbles exist at the bottom of the sample insert vial.

4. Place prepared samples on HPLC machine for analysis.

E. HPLC Analysis for Vitamin E Concentration

1. Samples underwent HPLC analysis on a Varian Star Chromatograph (Varian, Sugar
Land, TX). Serum and lipoprotein fractions were respectively analyzed with a Supelco
C18 reverse phasebn, 4.6 x 150 mm column and guard column.

2. Pure methanol (100%) was employed as the mobile phase at a flow rate of 2 ml/min
(isocratic elution).

3. Ultraviolet detection was carried out at 294 nm usinga fjection loop. Injection
volumes of 3Qul were used to ensure proper filling of sample loop.

4. Alpha-tocopherol standards were analyzed with each batch of samples. Peak areas of
six standardi-tocopherol solutions (5, 10, 25, 37.5, 50, 75, anduifithl) were used to
generate a standard curve and associated regression equation.

5. The concentration of-tocopherol in each sample was determined by comparing its
peak area with those of standard solutions.

6. The peak area of each sample was plugged into the standard curve equation and the
vitamin E @-tocopherol) concentration was calculated. Percent recovery was corrected
for using peak area of tlretocopheryl acetate internal standard; sample concentration
factors were also accounted for.
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Appendix E

Analysis of Serum IgG Concentration

A. Sample Collection and Handling

1. Blood samples were collected from each calf at 24-48 hours of age viajugular
venipuncture. Vacutainers” (Beckton-Dickinson, Franklin Lakes, NJ) without additives
were used to collect all blood samples.

2. Blood samples were allowed to clot for 30-60 minutes at room temperature,
centrifuged at 3433 x g for 6 minutes, and the serum from each sample was then
harvested.

3. Serum samples were stored frozen at€2antil the time of analysis.

B. Sample Preparation

1. Serum samples were removed from freezer and allowed to thaw and warm to room
temperature. 1gG determination kits were stored refrigerated with agar plates inverted as
directed by the manufacturer until used.

2. After reaching room temperature, each serum sample was vortexed (10-15 seconds) to
eliminate any settling or separation that may have occurred.

3. Serum samples were subsequently analyzed for IgG content. Commercially available
kits (VMRD, Inc., Bovine IgG SRID Kit) were utilized. Kit directions were followed as
indicated below.

C. Single Radial Immunodiffusion Procedure

1. Add 3ul of each bovine IgG reference standard (3300, 1650, 825, and 412 mg IgG/dl)
to each of the first 4 wells in an anti-bovine IgG-containing agarose gel plate.

2. Remove 31l serum sample with disposable VMRD micropipette, and add to unfilled
well on the agarose gel plate. Use a new pipette for each subsequent sample.

3. When all wells on plate are full, place cover firmly on plate.

4. Allow plate to incubate undisturbed, right-side up, and at room temperature for 18-22
hours prior to reading ring diameters.

D. Determination of Serum IgG Concentrations

1. Ring diameters of standards and samples were measured with an electronic RID
measuring device (Electronic RID Plate Reader, Alta Diagnostic Machines, Ltd.,
Birmingham, England) that measured to the nearest 0.01 mm. For the purposes of
calculation, each ring diameter was measured twice, with the resulting average value used
as the basis for calculating IgG concentration.

2. Standards were plotted in semi-log form (ring diameter (mm) vs. log(lgG
concentration)), with a computer generated linear regression fit to the resulting scatter

plot using CricketGraghcomputer software.
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3. The computer-generated linear equation for each standard curve was used to calculate
IgG concentrations on each serum sample tested on agiven plate. Ring diameter was
plugged into the regression equation as the x value with the resulting y value used to
calculate the IgG concentration of each sample.

4. Standard solutions were assayed on each agar plate used. Therefore, a new standard
curve was generated and served as the basis of concentration calculation on each agar
plate used for determination of serum 1gG concentration.

99



Appendix F

Analysisof Colostral 1gG Concentration

A. Sample Collection and Handling

1. Colostrum samples were obtained from each dam within 6 hours of calving for
determination of 1gG concentrations. For each dam, ateat (or teats) was wiped clean,
stripped 3-4 times, and 20-30 ml of colostrum was collected in a Whirl-Pak" .

2. Colostrum samples were stored frozen atS2til the time of analysis.

B. Sample Preparation

1. Remove colostrum samples from freezer&pthaw, and allow them to warm to

room temperature.

2. Vortex each colostrum sample thoroughly (30-40 seconds). Remove test tube cap and
ring tube with wooden applicator stick to remove any lipid component that has not
returned to suspension. Replace cap and vortex thoroughly again (additional 30-40
seconds).

3. Add 500ul of colostrum to 150@Qul of 0.9% sterile saline, using Eppendorf

micropipette. Thisdilution resultsin afinal volume of 2 ml. Vortex solution thoroughly

(10-15 seconds).

C. Single Radial Immunodiffusion Procedure

1. Add 3 pl of each bovine 1gG reference standard (3300, 1650, 825, and 412 mg IgG/dl)
to each of the first 4 wellsin an anti bovine 1gG-containing agarose gel plate.

2. Remove 3 pl diluted colostrum sample with disposable VMRD micropipette, and add
to unfilled well on the agarose gel plate. Use anew pipette for each subsequent sample.
3. When all wells on plate are full, place cover firmly on plate.

4. Allow plate to stand undisturbed, right-side up, and at room temperature for 18-22
hours prior to reading ring diameters.

D. Determination of Colostral IgG Concentrations

1. Ring diameters of standards and samples were measured with an electronic RID
measuring device (Electronic RID Plate Reader, Alta Diagnostic Machines, Ltd.,
Birmingham, England) that measured to the nearest 0.01 mm. For the purposes of
calculation, each ring diameter was measured twice, with the resulting average value used
asthe basisfor calculating IgG concentration.

2. Using ring diameters from standard solutions (3300, 1650, 825, and 412 mg 1gG/dl),
ring diameter (mm) versus log(IgG concentration) was plotted in CricketGraph® and
served a standard curve for the samples on the respective agarose gel plate.

3. Using the formulated regression curve equation, colostral IgG concentrations were
determined by plugging sample ring diameters into the equation as the x value with the
resulting y value used to calculate concentration. Account for 1:3 dilution of colostrum
with sterile saline by multiplying equation-generated concentration by four.
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4. Standard solutions were assayed on each agar plate used. Therefore, a new standard
curve was generated and served as the basis of concentration cal culation on each agarose
gel plate used for determination of colostral IgG concentration.
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Appendix G

Elution of Lipoprotein Fractions Containing no Apolipoprotein B (non-ApoB) and
Containing Apolipoprotein B (ApoB)

A. Sample Collection and Handling

1. Blood samples were collected from each cow at the outset of the experiment, 1-2
weeks pre-calving, and within 6 hours post-calving via coccygeal venipuncture. Blood
samples were taken from each calf at 24-48 hours of age viajugular venipuncture.
Vacutainers” (Beckton-Dickinson, Franklin Lakes, NJ) without additives were used to
collect al blood samples.

2. Blood samples were alowed to clot for 30-60 minutes at room temperature,
centrifuged at 3433 x g for 6 minutes, and the serum from each sample was then
harvested.

3. Serum samples were stored frozen at&atil the time of analysis.

4. Samples were protected from light and heat to the greatest extent possible during
collection, handling, and analysis.

B. Sample Preparation

1. Serum samples were removed from freezer and allowed to thaw and warm to room
temperature.

2. After reaching room temperature, each serum sample was vortexed (10-15 seconds) to
eliminate any settling or separation that may have occurred.

C. Derivation of non-ApoB Fraction

1. Drain columns (Isolab LDL-Direct Plus™, Isolab Inc., Akron, OH) by removing top
cap, then snapping off tip. Allow columns to fully drain.

2. Equilibrate columns by adding 1.25 ml of non-Apo ffaction elution agent.

Allow equilibration volume to fully drain.

3. Place receptacle tube (glass, 12 X 80 mm) under column. Then place 440 microliters
of thawed, vortexed serum on column. Allow serum volume to fully enter top disc and
column. Collect all drained eluate.

4. Place 110 microliters of non-ApoB)(elution agent on top disc. Wait 5 minutes.
Collect all drained eluate into the same tube as in step 3 above.

5. After the 5 minutes have passed, place 2.2 ml of non-App8ltion agent on

column. Allow column to fully drain into the same tube used to collect eluate from steps
3 and 4.

6. Total non-ApoB eluate volume should equal approximately 2.75 ml. Determine exact
total volume eluted by subtracting dry, empty tube weight from full tube weight,
assuming 1ml eluate weighs 1g.

D. Derivation of ApoB Fraction
1. Place a new tube under the column once drainage of the non-é&pf8ction
elution is complete.
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2. Add 2.75 ml ApoB () fraction elution agent to column. Allow column to fully drain,
collecting al eluate.

3. Total ApoB eluate volume should equal approximately 2.75 ml. Determine exact total
volume eluted by subtracting dry, empty tube weight from full tube weight, assuming
1ml eluate weighs 1g.

E. Subsequent Analysis of non-ApoB and ApoB Lipoprotein Fractions

1. Total volume (weight) eluted for each fraction is then determined.

2. Eluted fractions can then be assayed for vitamin E, phospholipid, and/or cholesterol
content.

3. For determining fraction concentrations of phospholipid and cholesterol, 250
microliters of eluate is removed from each tube (using 100-1000 pl Eppendorf®
Reference Pipette). These samples are combined from each duplicate sample, with the
resulting aggregate eluate thoroughly mixed, then used for phospholipid and cholesterol
concentration determination (AppendicesH and I).
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Appendix H

Analysis of Phospholipid Concentration

A. Sample Collection and Handling

1. Blood samples were collected from each cow via coccygea venipuncture two times
for phospholipid concentration analysis: 1-2 weeks pre-calving and no greater than 6
hours post-calving.

2. Blood samples were collected from each calf at 24-48 hours of age viajugular
venipuncture for phospholipid analysis.

3. Vacutainers~ (Beckton-Dickinson, Franklin Lakes, NJ) without additives were used to
collect all blood samples. All blood samples were alowed to clot for 30-60 minutes at
room temperature, centrifuged at 3433 x g for 6 minutes, and the serum from each sample
was then harvested.

4. Serum samples were stored frozen at€2ntil the time of analysis.

B. Sample Preparation

1. Serum samples were removed from freezer and allowed to thaw and warm to room
temperature.

2. After reaching room temperature, each serum sample was vortexed (10-15 seconds) to
eliminate any settling or separation that may have occurred.

3. Serum samples were then ready for phospholipid concentration analysis or lipoprotein
fractionation. Lipoprotein fractions were generated as described in Appendix G.

C. Microplate Assay for Phospholipid Content

Serum

1. Dilute 90-10Qul of serum 1:1 with distilled water or sterile saline. Vortex the diluted
serum thoroughly (8-10 seconds).

2. Add 10pl of diluted serum to microplate well(s). Add 2@0of phospholipid color
reagent (Phospholipids B Test Kit, Wako Chemicals USA, Inc.) to well(s).

3. Place filled microwell plate (including standards) in microplate reader
(SPECTRAmMak! 250, Molecular Devices Corp., Sunnyvale, CA 94089) and mix for 5
seconds. Incubate plate for 12 min. at@7

4. Read absorbance of well(s) at 505 nm and compare to regression curve equation
generated (SOFTMa¥RO, Version 1.1, Molecular Devices Corp., Sunnyvale, CA,
94089) from standard solution absorbances to determine serum phospholipid
concentration(s).

5. Phospholipid standard solution provided by Wako Chemicals as a component of the
Phospholipids B test kit. Standard concentrations of 300, 150, 75, 37.5, 18.75, and 9.375
mg/dl used to generate a standard curve (see section D).
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Non-ApoB and ApoB Lipoprotein Fractions

1. Add 70 pl of undiluted lipoprotein fraction eluate to plate well(s).

2. Add 230 ul of phospholipid color reagent to well(s) containing a lipoprotein fraction

eluate sample.

3. Placefilled microwell plate in microplate reader (SPECTRAmax[ 250, Molecular

Devices Corp., Sunnyvae, CA 94089) and mix for 5 seconds. Incubate plate for 12 min.

at 37°C.

4. Convert standard solutions from serum concentration-basis to fraction concentration-

basis by dividing each standard by 14 (70 pl fraction versus 5 pl serum). Conversions:

300 mg/dl = 21.4 ug/100 pl, 150 mg/dl = 10.71 pg/100 pl, 75 mg/dl = 5.35 pg/100 pl,

37.5 mg/dl = 2.68 ug/100 ul, 18.75 mg/dl = 1.34 ug/100 ul, and 9.375 mg/dl = 0.67

pg/100 pl. Micrograms per 100 pl equals mg/dl.

5. Following 12 minute incubation, read absorbance of well(s) at 505 nm and compare to
regression curve equation generated (SOFTmax" PRO, Version 1.1, Molecular Devices

Corp., Sunnyvale, CA, 94089) from “lipoprotein fraction” standard solution absorbances
to determine phospholipid concentrations of lipoprotein fractions.

6. The total eluate volume generated during lipoprotein fractionation was predetermined
(Appendix G). Divide this value by 4.4 (total number of u0Qnits of serum from

which the lipoprotein fractions were generated). This yields a conversion factor for each
sample.

7. Multiply sample absorbance (from step 5 above) by the appropriate sample conversion
factor (from step 6 above). The result is the concentration (mg/dl) of phospholipid in
each lipoprotein fraction.

D. Making Standard Solutions for Microplate Phospholipid Analysis

Concentrations:

300 mg/dl Standard: 300 mg/distock solution (Phospholipids B Test Kit, Wako Chemicals
USA, Inc.) diluted 1:1 with double-distilled water (dgl)) or sterile saline.

150 mg/dl Standard: 300 mg/dl solution diluted 1:1 with dd@ or sterile saline.

75 mg/dl Standard: 300 mg/dlI solution diluted 1:3 with dd@ or sterile saline.

37.5 mg/dl Standard: 300 mg/dl solution diluted 1:7 with dg@ or sterile saline.

18.75 mg/dl Standard: 300 mg/dl solution diluted 1:15 with dg® or sterile saline.

9.38 mg/dl Standard: 300 mg/dl solution diluted 1:31 with dg@l or sterile saline.

- All dilutions are on a volume:volume basis.

- To minimize degradation of standards they were individually frozen 4CA+r0

volumes required for the phospholipid assay. The required standards were then thawed
as needed.
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Appendix |

Analysis of Cholester ol Concentration

A. Sample Collection and Handling

1. Blood samples were collected from each cow via coccygea venipuncture two times
for cholesterol concentration analysis: 1-2 weeks pre-calving and no greater than 6 hours
post-calving.

2. Blood samples were collected from each calf at 24-48 hours of age viajugular
venipuncture for cholesterol analysis.

3. Vacutainers~ (Beckton-Dickinson, Franklin Lakes, NJ) without additives were used to
collect all blood samples. All blood samples were alowed to clot for 30-60 minutes at
room temperature, centrifuged at 3433 x g for 6 minutes, and the serum from each sample
was then harvested.

4. Serum samples were stored frozen at€2ntil the time of analysis.

B. Sample Preparation

1. Serum samples were removed from freezer and allowed to thaw and warm to room
temperature.

2. After reaching room temperature, each serum sample was vortexed (10-15 seconds) to
eliminate any settling or separation that may have occurred.

3. Serum samples were then ready for cholesterol concentration analysis or lipoprotein
fractionation. Lipoprotein fractions were generated as described in Appendix G.

C. Microplate Assay for Cholesterol Content

Serum

1. Dilute 20ul of serum with 23Qul sterile saline. Vortex thoroughly (8-10 seconds).

2. Add 60pl of diluted serum to microplate well(s). Add 2di0of cholesterol color

reagent (Isolab LDL-Direct PIUS, Isolab, Inc. Akron, OH) to well(s).

3. Place filled microwell plate (including standards) in microplate reader
(SPECTRAmMakl 250, Molecular Devices Corp., Sunnyvale, CA 94089) and mix for 5
seconds. Incubate plate for 12 min. at@7

4. Read absorbance of well(s) at 505 nm and compare to regression curve equation
generated (SOFTma¥PRO, Version 1.1, Molecular Devices Corp., Sunnyvale, CA,
94089) from standard solution absorbances to determine serum cholesterol
concentration(s).

5. Cholesterol standards obtained from Stanbio and Sigma. Standard concentrations of
400, 200, 100, 50, 25, and 12.5 mg/dl used to generate a standard curve (see section D).

Non-ApoB and ApoB Lipoprotein Fractions

1. Add 60ul of undiluted lipoprotein fraction to plate well(s).

2. Add 240ul of cholesterol color reagent to well(s) containing a lipoprotein fraction
eluate sample.
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3. Placefilled microwell plate in microplate reader (SPECTRAmax[] 250, Molecular

Devices Corp., Sunnyvae, CA 94089) and mix for 5 seconds. Incubate plate for 12 min.

at 37°C.

4. Convert standard solutions from serum concentration-basis to fraction concentration-

basis by dividing each standard by 12.5 (60 pl fraction versus 4.8 pl serum).

Conversions: 400 mg/dl = 32 pug/100 pl, 200 mg/dl = 16 pug/100 pl, 100 mg/dl = 8

pg/100 pl, 50 mg/dl = 4 pg/100 pl, 25 mg/dl = 2 ug/100 ul, and 12.5 mg/dl = 1 pg/100

pl. Micrograms per 100 pl equals mg/dl.

5. Following 12 minute incubation, read absorbance of well(s) at 505 nm and compare to
regression curve equation generated (SOFTmax"~ PRO, Version 1.1, Molecular Devices

Corp., Sunnyvale, CA, 94089) from “lipoprotein fraction” standard solution absorbances
to determine cholesterol concentration(s) of lipoprotein fractions.

6. The total eluate volume generated during lipoprotein fractionation was predetermined
(Appendix G). Divide this value by 4.4 (total number of u0Qnits of serum from

which the lipoprotein fractions were generated). This yields a conversion factor for each
sample.

7. Multiply sample absorbance (from step 5 above) by the appropriate sample conversion
factor (from step 6 above). The result is the concentration (mg/dl) of cholesterol in each
lipoprotein fraction.

D. Making Standard Solutions for Microplate Cholesterol Analysis

Concentrations:

400 mg/dl: 220pul of 200 mg/dIstock solution diluted with 1155ul sterile saline.
200 mg/dl: 200ul 200 mg/dlistock solution diluted with 230Qul ml of sterile saline.
100 mg/dl: 200 mg/dl solution diluted 1:1 with sterile saline.

50 mg/dl: 200 mg/dl solution diluted 1:3 with sterile saline.

25mg/dl: 200 mg/dl solution diluted 1:7 with sterile saline.

12.5 mg/dl: 200 mg/dl solution diluted 1:15 with sterile saline.

6.25 mg/dl: 200 mg/dl solution diluted 1:31 with sterile saline.

- All dilutions are on a volume:volume basis.

- To minimize degradation of standards they were individually frozen 4CA4r0

volumes required for the cholesterol assay. The required standards were then thawed as
needed.
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Appendix J

Linear Regressions of Vitamin E, Cholesterol, and Phospholipid in Serum and two
Lipoprotein Fractions of Cows 1-2 Weeks Pre-calving, Cows at Calving, 24-48
Hour-Old Calves, and Analyte Concentration Changes Pre-calving to Calving
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Appendix K

General Linear Modd Tables- Chapter 3

Table 1. Dry-off.

Serum Vitamin E Concentrations

Source DF Typelll SS FVaue Pr>F
Breed (brd) 1 40.075 8.57 0.0054
Vitamin E (E) 1 2.060 0.44 0.5103
Se 1 0.544 0.12 0.7348
E*Se 1 0.179 0.04 0.8458
brd*E 1 2.434 0.52 0.4744
brd* Se 1 2.087 0.45 0.5076
brd*E* Se 1 0.040 0.01 0.9263
error 44 205.750

Table2. Mid-dry period.

Source DF Typelll SS FVaue Pr>F
Breed (brd) 1 0.143 0.09 0.7622
Vitamin E (E) 1 5.363 3.46 0.0396
Se 1 0.600 0.38 0.5385
E*Se 1 1.772 114 0.2908
brd*E 1 0.356 0.23 0.6344
brd* Se 1 0.0005 0.00 0.9853
brd*E* Se 1 0.027 0.02 0.8943
error 44 68.209
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Table3. Calving.

Source DF Typelll SS FVaue Pr>F
Breed (brd) 1 1.604 2.09 0.1552
Vitamin E (E) 1 1.663 2.17 0.1479
Se 1 0.960 1.25 0.2692
E*Se 1 0.185 0.24 0.6259
brd*E 1 0.209 0.27 0.6039
brd* Se 1 0.034 0.04 0.8338
brd*E* Se 1 0.669 0.87 0.3552
error 44 33.743

Table 4. Post-calving.

Source DF Typelll SS FVaue Pr>F
Breed (brd) 1 0.0013 0.00 0.9755
Vitamin E (E) 1 0.655 0.48 0.4903
Se 1 0.026 0.02 0.8900
E*Se 1 0.626 0.46 0.4999
brd*E 1 0.073 0.05 0.8177
brd* Se 1 0.073 0.05 0.8177
brd*E* Se 1 0.874 0.65 0.4258
error 43 58.138
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Table 5. Dry-off.

Blood Selenium Concentrations

Source DF Typelll SS FVaue Pr>F
Breed (brd) 1 14008.889 27.08 0.0001
Vitamin E (E) 1 149.488 0.29 0.5936
Se 1 22.013 0.04 0.8375
E*Se 1 481.090 0.93 0.3401
brd*E 1 71.949 0.14 0.7110
brd* Se 1 403.398 0.78 0.3820
brd* E* Se 1 1100.013 2.13 0.1519
error 44 22761.750

Table6. Mid-dry period.

Source DF Typelll SS FVaue Pr>F
Breed (brd) 1 15427.284 28.07 0.0001
Vitamin E (E) 1 0.547 0.00 0.9750
Se 1 23.558 0.04 0.8369
E*Se 1 133.547 0.24 0.6245
brd*E 1 1522.085 2.77 0.1032
brd* Se 1 5.558 0.01 0.9204
brd*E*Se 1 1214.778 2.21 0.1443
error 44 24185.833

Table7. Calving.

Source DF Typelll SS FVaue Pr>F
Breed (brd) 1 10468.815 16.69 0.0002
Vitamin E (E) 1 324.503 0.52 0.4762
Se 1 2887.523 4.60 0.0380
E*Se 1 103.128 0.16 0.6873
brd*E 1 796.378 1.27 0.2666
brd* Se 1 46.065 0.07 0.7878
brd* E* Se 1 354.586 0.57 0.4565
error 40 25091.469
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Table 8. Post-calving.

Source DF Typelll SS FVaue Pr>F
Breed (brd) 1 1126.196 0.88 0.3551
Vitamin E (E) 1 62.134 0.05 0.8272
Se 1 348.143 0.27 0.6058
E*Se 1 866.399 0.67 0.4167
brd*E 1 77.683 0.06 0.8072
brd* Se 1 1.355 0.00 0.9743
brd* E* Se 1 144.160 0.11 0.7396
error 40 51466.042
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Appendix L

General Linear Model Tables— Chapter 4

Serum Vitamin E Concentrations

Table1. Cows 1-2 weeks pre-calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 8.264 4.37 0.0416
Breed (brd) 1 12.899 6.83 0.0118
Trt*brd 1 2.652 1.40 0.2418
error 50 94.487

Table2. Cowsat calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 11.149 7.32 0.0093
Breed (brd) 1 4.452 2.92 0.0935
Trt*brd 1 1.066 0.70 0.4069
error 50 76.157

Table 3. Cows 2-3 days post-calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 4.742 7.00 0.0109
Breed (brd) 1 2.070 3.05 0.0866
Trt*brd 1 0.088 0.13 0.7199
error 50 33.883
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Table 4. 24-48 hour-old calves from cows.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 1.091 311 0.0839
Breed (brd) 1 3.472 9.90 0.0028
Trt*brd 1 1.191 3.40 0.0713
error 49 17.180

Table 5. Nulliparous heifers 1-2 weeks pre-calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 1.958 2.52 0.1271
Breed (brd) 1 0.563 0.73 0.4038
Trt*brd 1 0.572 0.74 0.4001
error 21 16.289

Table 6. Nulliparous heifers at calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 6.158 8.00 0.0101
Breed (brd) 1 4.782 6.21 0.0211
Trt*brd 1 0.104 0.14 0.7167
error 21 16.166

Table 7. Nulliparous heifers 2-3 days post-calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.702 1.26 0.2742
Breed (brd) 1 2.151 3.87 0.0627
Trt*brd 1 0.335 0.60 0.4464
error 21 11.685
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Table 8. 24-48 hour-old calves from nulliparous heifers.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.342 1.04 0.3195
Breed (brd) 1 0.213 0.65 0.4295
Trt*brd 1 1.775 541 0.0306
error 20 6.557
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Colostral Vitamin E Concentrations

Table 9. Cows.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 565.072 3.56 0.0649
Breed (brd) 1 611.991 3.86 0.0551
Trt*brd 1 0.469 0.00 0.9569
error 50 7931.603

Table 10. Nulliparous heifers.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 32.422 0.21 0.6480
Breed (brd) 1 2.079 0.01 0.9078
Trt*brd 1 163.302 1.08 0.3104
error 21 3174.036
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Calf Serum 1gG Concentrations

Table 11. Calvesfrom cows.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 439421.9 0.41 0.5265
Breed (brd) 1 2464130.9 2.28 0.1373
Trt*brd 1 883198.2 0.82 0.3702
error 49 52907661.2

Table 12. Calvesfrom nulliparous heifers.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 1704689.6 1.67 0.2108
Breed (brd) 1 1124351.1 1.10 0.3063
Trt*brd 1 171017.6 0.17 0.6865
error 20 20399258.6
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Colostral 1gG Concentrations

Table 13. Cows.

Source DF Typelll SS F Vaue Pr>F
Treatment (trt) 1 682458.9 0.15 0.7039
Breed (brd) 1 2073020.3 0.44 0.5084
Trt*brd 1 6287835.5 1.35 0.2515
error 50 233604061.2

Table 14. Nulliparous heifers.

Source DF Typelll SS F Vaue Pr>F
Treatment (trt) 1 129653.4 0.02 0.9022
Breed (brd) 1 11939032.5 1.42 0.2459
Trt*brd 1 6696219.9 0.80 0.3815
error 21 175982111.1

121



Calf 205-day Adjusted Weaning Weights

Table 15. Calves from cows.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 17974.268 5.93 0.0191
Breed (brd) 1 9307.001 3.07 0.0869
Trt*brd 1 6923.692 2.28 0.1381
error 43 130376.32

Table 16. Calvesfrom nulliparous heifers.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 5322.996 3.49 0.0773
Breed (brd) 1 8967.804 5.88 0.0255
Trt*brd 1 3975.564 2.61 0.1230
error 19 28989.287

122



Appendix M

Chapter 5- General Linear Model Tables

Serum Vitamin E Concentrations

Table 1. Dams at establishment of treatment and control groups.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.232 0.25 0.6192
Breed (brd) 1 0.948 1.03 0.3182
Trt*brd 1 0.043 0.05 0.8308
Age 1 8.598 9.36 0.0047
Trt*age 1 3.321 3.62 0.0672
Brd*age 1 1.030 1.12 0.2984
Trt*brd*age 1 0.014 0.02 0.9027
error 29 26.639

Table 2. Dams 1-2 weeks calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 1.268 0.66 0.4244
Breed (brd) 1 2.352 1.22 0.2788
Trt*brd 1 1.198 0.62 0.4373
Age 1 4.135 214 0.1541
Trt*age 1 0.019 0.01 0.9214
Brd*age 1 0.137 0.07 0.7921
Trt*brd*age 1 4.038 2.09 0.1589
error 29 55.990
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Table 3. Damsat calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 1.758 1.33 0.2593
Breed (brd) 1 2.593 1.96 0.1730
Trt*brd 1 1.868 1.41 0.2452
Age 1 0.0002 0.00 0.9915
Trt*age 1 2917 2.20 0.1493
Brd*age 1 0.453 0.34 0.5636
Trt*brd* age 1 0.243 0.18 0.6715
error 27 35.747

Table 4. Dams 2-3 days post-calving.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.935 0.86 0.3632
Breed (brd) 1 3.894 357 0.0701
Trt*brd 1 0.105 0.10 0.7593
Age 1 1.440 1.32 0.2610
Trt*age 1 2.189 2.01 0.1685
Brd*age 1 0.216 0.20 0.6601
Trt*brd*age 1 0.132 0.12 0.7303
error 26 28.370

Table 5. 24-48 hour-old calves.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 1.360 1.89 0.1816
Breed (brd) 1 6.339 8.80 0.0065
Trt*brd 1 0.0053 0.01 0.9322
Age 1 0.048 0.07 0.7981
Trt*age 1 0.0003 0.00 0.9841
Brd*age 1 0.120 0.17 0.6863
Trt*brd*age 1 0.081 0.11 0.7405
error 25 18.003
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Colostral Vitamin E Concentrations

Table6. Dams.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 12.633 0.12 0.7327
Breed (brd) 1 526.013 4.96 0.0348
Trt*brd 1 2.851 0.03 0.8710
Age 1 124.537 1.18 0.2883
Trt*age 1 17.016 0.16 0.6919
Brd*age 1 288.991 2.73 0.1107
Trt*brd*age 1 301.156 2.84 0.1038
error 26 2755.594
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Serum 1gG Concentrations

Table 7. 24-48 hour-old calves.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 812393.9 0.72 0.4030
Breed (brd) 1 10329261.0 9.20 0.0056
Trt*brd 1 1728.929 0.00 0.9690
Age 1 1057105.7 0.94 0.3411
Trt*age 1 561117.5 0.50 0.4861
Brd*age 1 4273438.0 3.81 0.0623
Trt*brd*age 1 1358532.3 121 0.2818
error 25 28062832.2

Colostral 1gG Concentrations

Table 8. Dams.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 49094227.7 2.33 0.1388
Breed (brd) 1 191149721 0.91 0.3496
Trt*brd 1 2734849.5 0.13 0.7216
Age 1 47130727.6 2.23 0.1466
Trt*age 1 2655498.6 0.13 0.7255
Brd*age 1 19558711.1 0.93 0.3442
Trt*brd*age 1 1758615.5 0.08 0.7750
error 27 569630002.8
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Table 9. Calves at weaning.

205-day Adjusted Weaning Weights

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 622.307 0.15 0.6992
Breed (brd) 1 93826.976 23.34 0.0002
Trt*brd 1 1417.283 0.35 0.5610
Age 1 1057.697 0.26 0.6150
Trt*age 1 573.607 0.14 0.7106
Brd*age 1 9724.684 242 0.13%4
Trt*brd* age 1 98.603 0.02 0.8775
error 16 64322.736
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Appendix N

Chapter 6- General Linear Model Tables

Vitamin E Concentrations

Table 1. Cow serum.

Source DF Typelll SS FVaue Pr>F
Time 1 76.564 42.01 0.0001
Trt*time 1 3.255 1.79 0.1849
Brd*time 1 5.648 3.10 0.0819
Trt*brd*time 1 0.025 0.01 0.9066
Cow(trt* brd) 87 369.024

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 14.667 3.46 0.0663
Breed (brd) 1 1.008 0.24 0.6272
Trt*brd 1 9.687 2.28 0.1344
Table 2. Cow non-ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Time 1 38.076 28.13 0.0001
Trt*time 1 3.818 2.82 0.0967
Brd*time 1 4.902 3.62 0.0604
Trt*brd*time 1 0.011 0.01 0.9291
Cow(trt* brd) 87 315.102

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 13.596 3.75
Breed (brd) 1 0.716 0.20
Trt*brd 1 7.740 214

0.0559
0.6577
0.1474

Table3. Cow ApoB fraction.
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Source DF Typelll SS F Vaue Pr>F

Time 1 6.654 104.67 0.0001
Trt*time 1 0.022 0.35 0.5539
Brd*time 1 0.026 0.42 0.5210
Trt*brd*time 1 0.003 0.05 0.8276
Cow(trt* brd) 87 5.410

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 0.020 0.33 0.5691
Breed (brd) 1 0.025 0.40 0.5294
Trt*brd 1 0.109 1.75 0.1888

Table4. Calf serum.
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Source DF Typelll SS F Vaue Pr>F
Treatment (trt) 1 2.239 343 0.0679
Breed (brd) 1 4.729 7.24 0.0087
Trt*brd 1 0.032 0.05 0.8242
error 80 52.282

Table 5. Caf non-ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 1.596 3.67 0.0591
Breed (brd) 1 4,797 11.02 0.0014
Trt*brd 1 0.007 0.02 0.9009
error 80 34.827

Table 6. Calf ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.0543 1.48 0.2277
Breed (brd) 1 0.0002 0.01 0.9359
Trt*brd 1 0.0096 0.26 0.6112
error 80 2.938
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Cholesterol Concentrations

Table7. Cow serum.

Source DF Typelll SS FVaue Pr>F
Time 1 15826.686 83.17 0.0001
Trt*time 1 105.569 0.55 0.4584
Brd*time 1 0.676 0.00 0.9526
Trt*brd*time 1 54.563 0.29 0.5937
Cow(trt* brd) 86 78127.788

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 325.935 0.36 0.5508
Breed (brd) 1 1214.378 1.34 0.2508
Trt*brd 1 648.618 0.71 0.4005
Table 8. Cow non-ApoB fraction.

Source DF Typelll SS F Vaue Pr>F
Time 1 13276.016 70.28 0.0001
Trt*time 1 127.281 0.67 0.4140
Brd*time 1 327.345 1.73 0.1915
Trt*brd*time 1 5.029 0.03 0.8708
Cow(trt* brd) 86 89517.182

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 78.480 0.08
Breed (brd) 1 4182.838 4.02
Trt*brd 1 1064.043 1.02

0.7843
0.0481
0.3148

Table9. Cow ApoB fraction.
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Source DF Typelll SS F Vaue Pr>F

Time 1 2639.271 209.40 0.0001
Trt*time 1 57.514 4.56 0.0355
Brd*time 1 0.068 0.01 0.9415
Trt*brd*time 1 0.727 0.06 0.8107
Cow(trt* brd) 86 1591.728

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 15.013 0.81 0.3703
Breed (brd) 1 2576 0.14 0.7100
Trt*brd 1 5.243 0.28 0.5959

Table 10. Calf serum.
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Source DF Typelll SS F Vaue Pr>F

Treatment (trt) 1 68.041 0.80 0.3741
Breed (brd) 1 1284.549 15.08 0.0002
Trt*brd 1 95.243 1.12 0.2935
error 80 6814.423

Table11. Calf non-ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 22.068 0.33 0.5673
Breed (brd) 1 1372.181 20.51 0.0001
Trt*brd 1 67.865 1.01 0.3168
error 80 5351.121

Table12. Calf ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 8.329 0.89 0.3477
Breed (brd) 1 7.968 0.85 0.3583
Trt*brd 1 0.401 0.04 0.8363
error 80 746.732
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Phospholipid Concentrations

Table 13. Cow serum.

Source DF Typelll SS FVaue Pr>F
Time 1 13713.704 75.69 0.0001
Trt*time 1 70.598 0.39 0.5341
Brd*time 1 20.754 0.11 0.7359
Trt*brd*time 1 14.867 0.08 0.7752
Cow(trt* brd) 86 58981.735

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 461.871 0.67 0.4141
Breed (brd) 1 0.459 0.00 0.9794
Trt*brd 1 1150.041 1.68 0.1988

Table 14. Cow non-ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Time 1 17239.062 103.14 0.0001
Trt*time 1 1.525 0.01 0.9241
Brd*time 1 76.501 0.46 0.5005
Trt*brd*time 1 170.397 1.02 0.3155
Cow(trt* brd) 86 42708.393

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 352.842 0.71 0.4016
Breed (brd) 1 1173.951 2.36 0.1278
Trt*brd 1 611.971 1.23 0.2701

Table 15. Cow ApoB fraction.
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Source DF Typelll SS F Vaue Pr>F

Time 1 1797.343 175.17 0.0001
Trt*time 1 2.722 0.27 0.6079
Brd*time 1 12.641 1.23 0.2701
Trt*brd*time 1 4.135 0.40 0.5272
Cow(trt* brd) 86 1303.398

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 5.870 0.39 0.5354
Breed (brd) 1 95.098 6.27 0.0141
Trt*brd 1 0.001 0.00 0.9927

Table 16. Calf serum.
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Source DF Typelll SS F Vaue Pr>F
Treatment (trt) 1 9.403 0.04 0.8479
Breed (brd) 1 4617.635 18.17 0.0001
Trt*brd 1 805.580 3.17 0.0788
error 80 20328.710

Table17. Calf non-ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 1.271 0.01 0.9369
Breed (brd) 1 3922.140 19.45 0.0001
Trt*brd 1 547.758 2.72 0.1033
error 80 16133.549

Table 18. Calf ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 5.393 0.52 0.4711
Breed (brd) 1 13.747 1.34 0.2511
Trt*brd 1 13.224 1.29 0.2602
error 80 822.751
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Vitamin E Cholesterol (VEC) Ratios

Table 19. Cow serum.

Source DF Typelll SS FVaue Pr>F
Time 1 0.00000672 7.00 0.0097
Trt*time 1 0.00000275 2.87 0.0941
Brd*time 1 0.00000383 4.00 0.0487
Trt*brd*time 1 0.00000011 0.12 0.7324
Cow(trt* brd) 86 0.00018528

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 0.00001903 8.83 0.0038
Breed (brd) 1 0.00000348 161 0.2073
Trt*brd 1 0.00000500 2.32 0.1312
Table 20. Cow non-ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Time 1 0.00000106 1.30 0.2569
Trt*time 1 0.00000320 3.94 0.0503
Brd*time 1 0.00000195 2.39 0.1255
Trt*brd*time 1 0.00000001 0.01 0.9189
Cow(trt* brd) 86 0.00015679

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 0.00001671
Breed (brd) 1 0.00000730
Trt*brd 1 0.00000361

9.17 0.0033
4.00 0.0486
1.98 0.1631

Table 21. Cow ApoB fraction.
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Source DF Typelll SS F Vaue Pr>F

Time 1 0.00002033 3.78 0.0551
Trt*time 1 0.00000043 0.08 0.7773
Brd*time 1 0.00000008 0.01 0.9061
Trt*bra*time 1 0.00000051 0.09 0.7591
Cow(trt* brd) 86 0.00033597

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 0.00000140 0.36 0.5505
Breed (brd) 1 0.00000202 0.52 0.4742
Trt*brd 1 0.00000949 243 0.1228

Table 22. Calf serum.
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Source DF Typelll SS F Vaue Pr>F
Treatment (trt) 1 0.00001001 6.25 0.0144
Breed (brd) 1 0.00000282 1.76 0.1879
Trt*brd 1 0.00000001 0.00 0.9643
error 80 0.00012800

Table 23. Calf non-ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.00001191 7.09 0.0094
Breed (brd) 1 0.00000442 2.63 0.1089
Trt*brd 1 0.00000001 0.00 0.9503
error 80 0.00013451

Table 24. Calf ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.00000624 2.88 0.0933
Breed (brd) 1 0.00000151 0.70 0.4059
Trt*brd 1 0.00000105 0.49 0.4878
error 80 0.00017296
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Vitamin E Phospholipid (VEPL) Ratios

Table 25. Cow serum.

Source DF Typelll SS FVaue Pr>F
Time 1 0.00000867 10.54 0.0017
Trt*time 1 0.00000233 2.83 0.0961
Brd*time 1 0.00000365 4.43 0.0382
Trt*brd*time 1 0.00000002 0.02 0.8866
Cow(trt* brd) 86 0.00015737

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 0.00001661 9.08 0.0034
Breed (brd) 1 0.00000043 0.24 0.6279
Trt*brd 1 0.00000275 1.50 0.2235
Table 26. Cow non-ApoB fraction.

Source DF Typelll SS F Vaue Pr>F
Time 1 0.00000010 0.11 0.7428
Trt*time 1 0.00000475 5.23 0.0247
Brd*time 1 0.00000378 4.16 0.0444
Trt*brd*time 1 0.00000030 0.33 0.5687
Cow(trt* brd) 86 0.00019757

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 0.00002146
Breed (brd) 1 0.00000342
Trt*brd 1 0.00000427

9.34
1.49
1.86

0.0030
0.2257
0.1762

Table 27. Cow ApoB fraction.
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Source DF Typelll SS F Vaue Pr>F

Time 1 0.00000274 0.39 0.5345
Trt*time 1 0.00000169 0.24 0.6258
Brd*time 1 0.00000108 0.15 0.6961
Trt*bra*time 1 0.00000192 0.27 0.6033
Cow(trt* brd) 86 0.00077559

Tests of hypotheses using the Type 11 MS for Cow(trt* brd) as the error term

Treatment (trt) 1 0.00000084 0.98 0.3250
Breed (brd) 1 0.00001800 2.00 0.1613
Trt*brd 1 0.00000393 0.44 0.5108

Table 28. Calf serum.
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Source DF Typelll SS F Vaue Pr>F
Treatment (trt) 1 0.00000283 3.64 0.0602
Breed (brd) 1 0.00000050 0.65 0.4242
Trt*brd 1 0.00000012 0.15 0.6951
error 80 0.00006234

Table 29. Calf non-ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.00000302 4.62 0.0346
Breed (brd) 1 0.00000178 2.73 0.1027
Trt*brd 1 0.00000020 0.30 0.5827
error 80 0.00005219

Table 30. Calf ApoB fraction.

Source DF Typelll SS FVaue Pr>F
Treatment (trt) 1 0.00000812 2.18 0.1440
Breed (brd) 1 0.00000495 1.33 0.2528
Trt*brd 1 0.00000031 0.08 0.7728
error 80 0.00029857
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Appendix O
Additional Dairy Cow Data (Chapter 3)

Table O-1. Selenium concentrations (100% dry matter basis) of pastures used in dry
cow study.

Pasture Name Selenium content (Lg/kg)
Airport 50
M eatpacker 60
Research Center 30

Table O-2. Body condition scores of periparturient dairy cows by breed.

Body Condition Score
Sample Period Jersey Holstein
3-4 weeks pre-calving 3.1+0.1(16) 3.1+£0.1(36)
Within 24 hours post-calving 29+0.1(16) 2.8+0.1(35)
2-3 weeks post-calving 3.0+0.1(15) 2.6+ 0.1(36)

*Values are means + standard error of (n) observations.

Table O-3. Body condition scores of periparturient dairy cows by treatment group.

Treatment Group
Sample Period Vitamin E Se Vitamin E+Se Contral
3-4 weeks pre-calving 3.1+0.1(13) 3.1+0.1(13) 3.0+0.1(13) 3.1+0.1(13)
Within 24 hours post-calving 27+0.2(12) 2.8+ 0.1(13) 28+0.1(13) 29+0.1(13)
2-3 weeks post-calving 29+0.1(13) 2.8+ 0.1(13) 26+0.1(13) 26+0.2(12)

*Values are means + standard error of (n) observations.
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Appendix P
Additional Data from the Winter-calving Herd (Chapter 4)

TableP-1. Fat, lactose, and protein percentage of colostrum in treated (average con-
sumption of 1000 1U/head/day of supplemental vitamin E during |late gestation) and
untreated Angus and Hereford cattle calving in late winter.*

Group
Control Treatment
Colostral analyte (%) cow (28) heifer (10) cow (26) heifer (13)
Fat 49+0.7 82+16 6.4+0.9 85+1.0
Lactose 30+01 23+0.2 29+0.1 25+0.1
Protein 14.4+£0.7 174+ 1.2 149+ 0.6 175+ 1.2

*Values are means + standard error of (n) observations.

Eight Continental breed (Gelbvieh and Limousin) dams were in the winter-calving herd
and participated in the study. Including data from these cattle in Chapter 4 would have
resulted in empty cellsin the experimental design and the potential for reporting
misrepresentative breed-rel ated data (because of small sample size). The dataare
reported in this appendix for the purposes of completeness.

Table P-2. Fat, lactose, and protein percentage and vitamin E concentration of colostrum
from Angus, Hereford, and Continental breed cattle calving in late winter.*

Breed
Angus Hereford Continental
Colostral analyte cow (38) heifer (18) cow (16) heifer (5) cow (6) heifer (2)
Fat (%) 6.1+0.7 85+11 46+1.1 7711 57+12 73+29
Lactose (%) 30+£01 24+0.1 29+0.1 26+0.3 30+02 27x03
Protein (%) 148+ 05 172+ 09 144+ 09 184+23 125+16 182+17
Vitamin E (ug/ml) 16.1+22 135+26 83126 13.2+5.9 13.3+46 7.0+37

*Values are means + standard error of (n) observations.
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Table P-3. Body condition scores (1-9 scale) and weightsin treated (average
consumption of 1000 IU/head/day of supplemental vitamin E during late gestation) and
untreated Angus and Hereford cattle calving in late winter.

Group
Control Treatment

Variable cow (28) heifer (11) cow (26) heifer (14)
Body condition score

2 months pre-calving 6.0+0.2 54+0.2 6.0+ 0.2 56+0.1
At calving 57+0.2 53+0.1 55+0.2 51+0.2
Body Weight (kg)

2 months pre-calving 645 + 14 544 + 11 662 + 15 536+ 11
Within 6 hr post-calv 501 +13 502 £ 12 506+ 14 482 £ 12

*Values are means + standard error of (n) observations.

Table P-4. Body condition scores (1-9 scale) and weights of Angus, Hereford, and
Continental breed cattle calving in late winter.*

Breed
Angus Hereford Continental
Variable cow (38) heifer (20) cow (16) heifer (5) cow (6) heifer (2)

Body condition score

2 months pre-calving 57+0.1 55+

0.1 6.7+0.3 5.6+0.2 5.8+0.3 6.0+ 0.0

At calving 53+0.1 52+0.2 6.3+0.2 54+0.2 57+0.2 55+05
Body Weight (kg)
2 months pre-calving 642 + 12 539+ 7 679+ 18 543 + 27 619 + 27 544 + 2

Within 6 hr post-calv 577+ 11 489+ 8 630+ 15 495 + 26 552+ 19 482+ 2

*Values are means + standard error of (n) observations.
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Table P-5. Birth weights and gender distribution of calves from treated (average
consumption of 1000 IU/head/day of supplemental vitamin E during late gestation) and

untreated Angus and Hereford cattle calving in late winter.

Group
Control Treatment
Variable cow (27) heifer (11) cow (25) heifer (14)
Calf birth weight (kg) 38.3+0.7 36.9+13 41.6+1.0 359+12
Male calves (%) 56 55 60 64

*Values are means + standard error or percentages of (n) observations.

Table P-6. Birth weights and gender distribution of calves from Angus, Hereford, and

Continental breed cattle calving in late winter.*

Breed
Angus Hereford Continental
Variable cow (36) heifer (20) cow (16) heifer (5) cow (6) heifer (2)
Cdf birthweight (kg) 39.4+07 357+10 | 41.0+14 388+14 | 43330 352+ 25
Male calves (%) 56 60 63 60 83 50

*Values are means + standard error or percentages of (n) observations.
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Appendix Q
Additional Data from the Summer-calving Herd (Chapter 5)

Table Q-1. Fat, lactose, and protein percentage of colostrum in treated (average con-
sumption of 600 |U/head/day of supplemental vitamin E during late gestation) and
untreated Angus and Hereford cattle calving in late summer.*

Group
Colostral Analyte (%) Control (n=16) Treatment (n=19)
Fat 5.8+ 0.9 58+1.0
Lactose 15+0.2 22+0.2
Protein 21714 177+ 14

*Values are means + standard error of (n) observations.

Five Continental breed (Gelbvieh) dams were in the summer-calving herd and
participated in the study. Including datafrom these cattle in Chapter 5 would have
resulted in empty cellsin the experimental design and the potential for reporting
misrepresentative breed-rel ated data (because of small sample size). The dataare
reported in this appendix for the purposes of completeness.

Table Q-2. Fat, lactose, and protein percentage and vitamin E concentration of
colostrum from Angus, Hereford, and Continental breed cattle calving in late summer.*

Breed
Colostral Analyte Angus (n=13) Hereford (n=22) Continental (n=5)
Fat (%) 6.4+11 54+0.8 81+27
L actose (%) 22+0.3 1.7+0.2 22+04
Protein (%) 174+16 208+ 1.3 192+21
Vitamin E (ug/ml) 19.8+ 36 124+19 32.0+13.0

*Values are means + standard error of (n) observations.
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Table Q-3. Body condition scores (1-9 scale) and weightsin treated (average
consumption of 600 |U/head/day of supplemental vitamin E during late gestation) and
untreated Angus and Hereford cattle calving in late summer.

Group
Variable Control (n=17)  Treatment (n=19)
Body condition score
2 months pre-calving 6.4+0.2 64+0.2
At calving 6.1+0.1 6.1+0.2
Body Weight (kg)
2 months pre-calving 632+ 15 610+ 19
Within 6 hr post-calv 613+ 17 592 + 20

*Values are means + standard error of (n) observations.

Table Q-4. Body condition scores (1-9 scale) and weights of Angus, Hereford, and
Continental breed cattle calving in late summer.*

Breed
Variable Angus (n=14) Hereford (n=22) Continental (n=5)

Body condition score

2 months pre-calving 6.1+0.2 6.6+ 0.2 56+0.2

At calving 57+0.2 6.4+0.2 50+£0.0
Body Weight (kg)

2 months pre-calving 619 + 23 622 + 14 566 + 15
Within 6 hr post-calv 586 + 24 612 + 15 558+ 19

*Values are means + standard error of (n) observations.
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Table Q-5. Birth weights and gender distribution of calves from treated (average
consumption of 600 |U/head/day of supplemental vitamin E during late gestation) and
untreated Angus and Hereford cattle calving in late summer.

Group
Variable Contral (n=14) Treatment (n=19)
Calf birth weight (kg) 39.6+1.1 411+11
Male calves (%) 86 68

*Values are means + standard error or percentages of (n) observations.

Table Q-6. Birth weights and gender distribution of calves from Angus, Hereford, and
Continental breed cattle calving in late summer.*

Breed
Variable Angus (n=14) Hereford (n=19) Continental (n=5)
Calf birth weight (kg) 40.0+ 1.0 408+ 1.2 41.3+21
Male calves (%) 71 68 40

*Values are means + standard error or percentages of (n) observations.
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