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Two experiments were conducted to determine the effect of various levels

of vitamin E on egg yolk. A diet of corn-flax-soybean meal was fed to layers and

a-tocopherol content in eggs, egg production, and egg quality were evaluated. In

experiment 2, vitamin E toxicity was also determined. In experiment 1, 192 laying

hens were divided into 12 treatments of 16 birds/treatment and fed diets mixed to

contain either 5, 10, 15, 20, 25, 100, 200, 250, 350, 400, 550, or 700 lU/kg of

vitamin E for four weeks. Hens were selected at random and were placed in four

replicate groups with four birds per replicate. Egg weight and a-tocopherol level in

eggs showed significant increases with increased dietary a-tocopherol (P < 0.05).

In experiment 2, 96 layers were divided into 6 groups and fed diets formulated to

contain 15, 250, 500, 1000, 2000, or 3000 IU a-tocopherol/kg of feed. The average

egg yolk produced by hens fed the experimental diets contained 153, 356, 607, 684,

1549, and 1394 .ig of a-tocopherol/g of yolk (0.168, 0.392, 0.668, 0.752, 1.704,

and 1.533 IU a-tocopherol/g of yolk), respectively, after four weeks of feeding the

experimental diets. Egg weight, yolk color, and yolk weight showed a significant

increase (P < 0.05) over the four weeks of the experiment, while albumen height
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significantly decreased (P < 0.05). Egg weight, albumen height and yolk weight

significantly increased (P < 0.05) in the higher vitamin E treatment groups, while

yolk color significantly decreased (P <0.05) as the vitamin E supplementation

levels increased. In both experiments the vitamin E level in the feed significantly

increased the a-tocopherol content in the yolk (P < 0.05). No signs of toxicity

were noticed at necropsy. This study indicates that chicken eggs can be enriched in

their vitamin E content. The human Recommended Daily Allowance (RDA)

requirement for vitamin E are met and exceeded with the consumption of one egg.
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Vitamin E with the Addition of Flaxseed to Create Designer Eggs

CHAPTER 1. INTRODUCTION

Evidence from epidemiological and clinical trials suggesting that

antioxidants may protect the body against oxidative stress is increasing (Miller,

1997). These nutrients offer a mechanism for delaying and/or preventing free

radical-induced cellular damage. Free radicals are a factor in the onset and

progression of diseases (Burton, 1994). It is unavoidable that we age and die, but

many age-related changes, disorders, and diseases may be altered, if not avoided all

together (Miller, 1997).

An increase in dietary consumption or supplemental intake of antioxidant

nutrients, such as selenium, copper, zinc and vitamins A, C, and E, may provide

protection from heart disease, cancers, cataracts, arthritis, and enhance immune

function (Miller, 1997).

1.1 REACTIVE OXYGEN SPECIES AND FREE RADICALS

Oxygen is required for many life-sustaining metabolic processes for

aerobes. However, oxygen may react with cellular components, resulting in

degradation or inactivation of essential molecules (Chow, 1991).
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Reactive oxygen species (ROS) is a collective term used by scientists to

include oxygen radicals and non-radical derivatives of 02. These include hydrogen

peroxide (H202), hypochlorous acid (HOd), and ozone (03). Some scientists use

the terms 'oxygen-derived species' or 'oxidants' instead of ROS (Halliwell and

Gutteridge, 1999). However, ROS can be either oxidizing or reducing, so the term

oxidants will not be used any further.

Free radicals are highly reactive molecules or atoms of independent

existence that contain one or more unpaired electron (Miller, 1997, Halliwell and

Gutteridge, 1999). The notation used to represent a free radical is a superscript dot,

indicating an unpaired electron. The human body is constantly under attack from

free radicals, which are also produced during metabolic processes. For instance,

normal respiration produces approximately 2% free radical 02. These ROS can

arise in cells from four likely sources: mitochondria, phagocytes, perioxisomes, and

cytochrome P-450 enzymes (Burton, 1994). Environmental sources of free radicals

include ozone, sunlight, and other forms of radiation as well as atmospheric

pollutants (Miller, 1997). Production of ROS can be beneficial to the body (eg.

respiratory burst or relaxation of smooth muscle cells). However, an excess of free

radicals may be harmful, leading to inflammation and tissue damage (Bramley et

al., 2000). The intracellular or extracellular conditions that lead to the chemical or

metabolic generations of these ROS are called oxidative stress (Chow, 1991).

Oxygen (oxy) radicals are the most significant of free radicals in systems

living in aerobic conditions (Halliwell and Gutteridge, 1999). These include
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superoxide anion (O2), its conjugate acid (H00), lipid alkoxyl and peroxyl

radicals (from polyunsaturated fatty acids, PUFA), nitric oxide (N0) and hydroxyl

radical (OH). All of these free radicals are involved in some activity in vivo.

Superoxide anion and hydrogen peroxide are mild ROS while hydroxyl and nitric

oxide are strong ROS (Burton and Traber, 1990).

1.2 MECHANISMS OF OXYGEN DAMAGE

Oxidative stress (when the production of damaging ROS overwhelm the

bodies defensive mechanisms) can produce cell injury by several pathways

(Acworth and Bailey, 1995) (Figure 1.1). Lipid, protein, and DNA are all

substrates for ROS attack (Figure 1.2).

1.2.1 Lipids

Lipid peroxidation is a chain reaction that occurs in three stages. In the

initiation phase (1), carbon-centered lipid radicals (R) are produced when a

membrane polyunsaturated fatty acid (PUFA)(RH) gives up a loosely bound H

atom (Burton and Traber, 1990).

Initiation: production of R (1)
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The carbon-centered radical reacts rapidly with molecular oxygen in the

propagation phase (2).

Propagation: R + 02 R00 (Fast) (2)

Through this quick reaction a chain-carrying peroxyl radical (R00) is formed.

The peroxyl radical produced in this reaction is able to attack another

polyunsaturated lipid molecule (3).

R0O+RH-ROOH+R(3)

Hydroperoxides formed in the propagation phase may split in the presence of

copper or iron, yielding peroxyl (R00) or alkoxyl (R0) radicals. These radicals

have the ability to accelerate the chain reactions or break down to aldehydes,

ketones, alkanes or other products, which bind to and disrupt DNA and proteins

(Burton and Traber, 1990).

The initial peroxyl radical is converted to a hydroperoxide (ROOH).

However. this process produces another lipid radical (Burton and Traber, 1990).

This cycle will continue until the chain-carrying peroxyl (R00) combines with

another peroxyl radical to form inactive products (4).

Termination: R00 + R00 inactive products (4)

By eliminating the initial production of radicals this process can be stopped (Burton

and Traber, 1990).
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1.2.2 Proteins

Proteins can be attacked by various reactive nitrogen species, 0H, or

singlet 02, generating multiple end-products. However, H202 and Of have little

direct effect on proteins, unless they are an easily-oxidizable accessible SH

groups, as in glyceraldehydes-3 -phosphate dehydrogenase, and some Calvin cycle

enzymes (in chloroplasts), which are targets of inactivation by H202 in vivo.

Ribonuclease inhibitor, a cytoplasmic protein rich in cysteine residues, is another

possible target of free radical attack (Halliwell and Gutteridge, 1999).

A wide spectrum of carbonyls and peroxides are generated in irradiated

proteins. Peroxides can form on the peptide backbone and on the side-chains of

several amino acid residues. Amino acid resides are fairly stable at physiological

temperatures but can decompose to peroxyl and alkoxyl radicals upon heating or if

transition metal ions are added (Halliwell and Gutteridge, 1999).

1.2.3 DNA

ROS are involved in the development of cancer. They cause direct effects

on DNA while affecting signal transduction, cell proliferation, cell death and

intercellular communication (Halliwell and Gutteridge, 1999).

Attack by 0H on DNA generates a number of products, since it attacks

sugars, purines, and pyrimidines. Superoxide, nitric oxide or hydrogen peroxide, at
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physiological levels, do not appear to react with any of the DNA or RNA bases or

with ribose or deoxyribose sugars at significant rates. The high reactivity of the

hydroxyl radical can cause it to add on to the bases of DNA and RNA, which result

in the formation of several peroxide radicals and therefore, damage to the DNA or

RNA (Halliwell and Gutteridge, 1999).

A major consequence of DNA damage (modification of bases) by ROS is

mutation, either directly or during attempts by the cell to replicate or repair

damaged DNA. Mutations can occur in many forms: strand breakage, DNA-

protein cross-links, and pyrimidine dirners (Halliwell and Gutteridge, 1999).

1.3 PROTECTION AGAINST REAVTIVE OXYGEN SPECIES

Although oxygen is an essential component to life, it can create a variety of

reactive oxygen species as part of normal metabolism. A variety of mechanisms in

the body serve to render these oxygen radicals inactive (Acworth and Bailey,

1995).

There are at least three major endogenous mechanisms that play a role in

reducing the harmful effects of ROS in the cell. At normal oxygen tension, these

mechanisms are sufficient to maintain homeostasis. However, under oxidative

stress, these mechanisms become overwhelmed and a wide variety of diseases can

result (Acworth and Bailey, 1995, Halliwell and Gutteridge, 1999).



1.3.1 Enzymes

Humans and animals have developed several lines of defense against ROS

attack. The first defense is enzymes, which convert ROS to less harmful

compounds and therefore reduce the ROS load (Halliwell and Gutteridge, 1999)

1.3.1.1 Glutathione peroxidase (GPX)

Glutathione peroxidase was first discovered (in animal tissue) in 1957.

GPX are not generally present in higher plants or bacteria, although they have been

reported in a few algae and fungi. Reduced glutathione (GSH), their substrate, is a

low-molecularmass thiol-containing tripeptide, which is present in animals, plants,

and many aerobic bacteria (Halliwell and Gutteridge, 1999).

Glutathione peroxidases occur in the mitochondria and consist of four

protein subunits, each containing one atom of selenium (Se), at its active site.

Selenium is present at the active sites as selenocysteine, the amino acid cysteine in

which the sulphur atom has been replaced by selenium (Halliwell and Gutteridge,

1999).

GPX remove H202 by coupling its reduction to H20 with oxidation of GSH.

GPX
H202 + 2GSH GSSG + 2H20
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GPX enzymes that degrade H202 are widely distributed in animal tissues and are

specific for GSH as a hydrogen donor. However, they can act on peroxides other

than H202. They can catalyze GSH-dependant reduction of fatty acid

hydroperoxides, cholesterol 7f3-hydroperoxide, and various synthetic

hydroperoxides (Halliwell and Gutteridge, 1999).

1.3.1.2 Superoxide dismutase (SOD)

The discovery of SOD enzymes provided much basis for the current

understanding of antioxidant defense systems and has thus led to the postulation of

the Superoxide Theory of Oxygen Toxicity (Halliwell and Gutteridge, 1999).

The superoxide anion is formed when molecular oxygen acquires an

additional electron. It is formed by subjecting oxygen to ionizing radiation and is

an intermediate in a number of biochemical reactions (Acworth and Bailey, 1995).

02 + & -3 Of

Superoxide dismutase enzymes destroy free radical superoxide by converting the

radical into a peroxide that can then be destroyed by catalase and GPX.

SOD

Of + Of + 2H H202 +02

SOD also functions as a protection against dehydratases against inactivation by free

radical superoxide (Halliwell and Gutteridge, 1999).



1.3.1.3 Catalase

Most aerobic cells contain catalase activity (Halliwell and Gutteridge,

1999). Catalase is a highly reactive hemoprotein found in peroxisomes of

eukaryotic cells and catalyzes the conversion of hydrogen peroxide to water and

oxygen (Liebler and Reed, 1997).

2H202 2H20 +02

1.3.2 Antioxidants

11

A number of naturally occurring compounds has the ability of reacting with

free radicals without generating further free radicals (Acworth and Bailey, 1995).

In healthy individuals, the antioxidant system protects tissues against free radical

attack (Burton and Traber, 1990). There are three major categories of antioxidants:

sulfhydryl proteins, vitamins/minerals, and uric acid and albumin (Figure 1.3)

1.3.2.1 Sulfhydryl compounds

The first group of antioxidants is the sulthydryl compounds, which mostly

exist in the body as thiols (Acworth and Bailey, 1995). Thiol groups are well
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Sulfliydryl
Proteins Uric Acid

Albumin

60% Antioxidants"
Vitamin E

\ Vitamin C
SOD etc.

FIGURE 1.3 Total Antioxidants

40%

known for their importance in normal protein functions. Thiols are very efficient

reducing agents and catalyze the following reaction.

2RSH+'O' RSSR+H20

There is increasing evidence that supports the vital importance of thiols for cell

viability during cytotoxic events (Liebler and Reed, 1997).

1.3.2.1.1 Glutathione

Glutathione (GSH) is a Cys-containing tripeptide that contains an unusual y-

amide bond and participates in a variety of detoxification, transport and metabolic
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processes (Acworth and Bailey, 1995, Voet and Voet, 1995). GSH is an important

intracellular antioxidant that is a substrate for peroxidase reactions, helping to

destroy peroxides generated by oxidases. GSH detoxifies H202, a toxic product of

various oxidative processes, in a reaction catalyzed by GPX, yielding glutathione

disulfide (GSSG) (Voet and Voet, 1995).

GPX
2GSH + ROOH GSSG + ROH + H20

GSH is regenerated by the NADPH reduction of GSSG catalyzed by glutathione

reductase.

Glutathione
reductase

GSSG + NADPH +H 2GSH + NADP

Glutathione is also a sulihydryl buffer that maintains cysteinyl residues in

hemoglobin and other red blood cell proteins in the reduced state (Voet and Voet,

1995). The failure to do so would cause the formation of methemoglobin and the

inability of red blood cells to carry oxygen. GSH could also cause a change in a

cell's shape hindering the passage of these cells to vital organs. GSH is a

participant in the transport of amino acids across cell membranes (Acworth and

Bailey, 1995).
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1.3.2. 1.2 Other sulJir containing compounds

Acidic amino acids (cysteinesulfinic, homocysteinesulfinic and

homocysteic acids) and y-glutamyl peptides (glutamyl-cysteine and glutamyl-

taurine) are other sulfur-containing compounds found biologically. The exact

function of some of these compounds is unclear. However, they may scavenge

radicals in a sacrificial manner (Acworth and Bailey, 1995).

1.3.2.2 Minerals

Mineral antioxidants take a different approach to protecting cells. They are

attached to cell proteins called enzymes, which eliminate the free radicals through

chemical reactions (Frei et al., 1992).

1.3.2.2.1 Selenium

The known biological functions of selenium include defense against

oxidative stress, regulation of thyroid hormone action, and regulation of the redox

status of vitamin C and other molecules (Institute of Medicine, 2000). Selenium's

antioxidant function is to fight cell damage from oxidation. Thus, it works with the
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selenium-dependent enzyme called glutathione peroxidase. Selenium enzymes

protect the cell parts that generate energy. When selenium stores are insufficient,

vitamin E can substitute for it. Due to this fact that vitamin E and selenium work

together as an antioxidant, some studies suggest that selenium has anticancer

properties (Versaware, 1998).

1.3.2.2.2 Copper

The biochemical function of copper is primarily catalytic, with many copper

metalloenzymes acting as oxidases to reduce molecular oxygen. Copper works

with a protein in the blood called ceruloplasmin, which contains copper and may

also work as an antioxidant. Copper plays an important role in the function of one

of the forms of superoxide dismutase, copper/zinc superoxide dismutase

(CuZnSOD). Copper/zinc superoxide dismutase uses two copper atoms from

conversion of the superoxide anion to hydrogen peroxide and molecular oxygen.

This enzyme is located in the cytosol of the cell and provides defense against

oxidative damage from superoxide radicals (Institute of Medicine, 2001).
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1.3.2.2.3 Zinc

The primary function of zinc is as a component of enzymes in the

maintenance of proteins and the regulation of gene expression (Institute of

Medicine, 2001). Nearly 100 specific enzymes depend on zinc for catalytic

activity. As mentioned earlier, zinc and copper function together to form one of the

superoxide dismutase enzymes, CuZnSOD (Halliwell and Gutteridge, 1999).

1.3.2.3 Vitamins

Vitamins play an important role in the body's nonenzymatic antioxidant

defense system (Miller, 1997). By counteracting production of free radicals or

blocking propagation of radical attacks, these antioxidant vitamins prevent or

minimize damage to membranes, lipoproteins and DNA (Miller, 1997).

1.3.2.3.] Vitamin A

Vitamin A plays an important role in the visual process and a deficiency of

vitamin A leads to impairment of the regeneration of visual pigments that is

commonly referred to as night blindness. Another function of vitamin A is its
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involvement in the process of the formation and preservation of epithelial tissues

and mucous membranes. A lack of vitamin A can cause a degeneration and

keratinisation of epithelial cells of the genitals and cornea (Vitamin Compendium,

1976).

Beta-carotene, which is found in many plants, is the major precursor of

vitamin A. It is a lipid-soluble antioxidant that quenches singlet oxygen. After

quenching these free radicals, there is no need for regeneration since the molecular

structure is still intact. Macular carotenoids protect the eye from age-related

macular degeneration. Beta-carotene also protects the skin against photosensitivity

disorders. Carotenoids appear to be less effective than vitamin E in inhibiting LDL

oxidation (Miller, 1997).

1.3.2.3.2 Vitamin C

Vitamin C (ascorbic acid) is known for its preventative properties of scurvy,

a disease treated by fruits and vegetables or their juices. Ascorbic acid is in all

living tissues as a redox-compound in cell metabolism. Vitamin C is essential in

the formation of intercellular substances of skeletal tissues and for the maintenance

of the normal function of these tissues. Phagocytic activity of the leukocytes,

reticuloendothelial system, and the formation of antibodies are other sites of action

for vitamin C (Vitamin Compendium, 1976).
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Due to the fact that vitamin C is easily oxidized and can be reversed by

reduction, it has been suggested that vitamin C plays a role as an oxidation-

reduction system in cellular oxidation processes such as electron transfer in the cell

(Vitamin Compendium, 1976, Vitamin Nutrition for Poultry, 1989). Ascorbic acid

also plays a role in the metabolism of metal ions, due to its reducing and chelating

properties. Thus, resulting in enhanced absorption of minerals from the diet and

their mobilization and distribution throughout the body (Vitamin Nutrition for

Poultry, 1989).

Vitamin C is a water-soluble antioxidant that scavenges free radicals

(Acworth and Bailey, 1995, Miller, 1997). Superoxide, hydrogen peroxide,

hydroxyl radicals, peroxyl radicals, and singlet oxygen are quenched by vitamin C.

One-fourth of the circulating peroxyl radicals in the plasma are neutralized by

ascorbate. When vitamin C inactivates a free radical, it donates an electron to an

acceptor radical removing the unpaired electron. After donation of an electron,

vitamin C converts to an ascorbate radical, which is quite unreactive. Ascorbic

acid is regenerated with the assistance of other antioxidant systems (Miller, 1997).

Vitamin C has the ability to regenerate a-tocopheroxyl radicals back to a-

tocopherol (Halliwell and Gutteridge, 1999).
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1.3.2.3.3 Vitamin E

Vitamin E is another antioxidant vitamin and will be discussed in greater

detail later in the paper.

1.3.2.4 Uric Acid (Urate)

Urate is an end-product of purine metabolism in primates and acts as an

efficienct free radical scavenger of oxygen species and of oxygenated heme

intermediates. It has been suggested that uric acid is as powerfi.il as ascorbate as an

antioxidant. Uric acid has an important role in the prevention of cancer and aging.

This correlation between high levels of uric acid and longer life is explained by the

fact that humans have a circulating level of uric acid tenfold higher than prosimians

(Halliwell and Gutteridge, 1995). It is possible for uric acid to be regenerated by

ascorbic acid from the uric acid anion radical (Frei etal., 1992).

1.3.2.5 Albumin

Albumin may be an important extracellular antioxidant that binds heme and

copper ions. This binding property to copper ions may be a protective mechanism,
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preventing copper from associating with lipoproteins and membranes. Due to an

exposed cysteine SH group, it can react quickly with peroxynitrous acid and

HOC! and slowly with 11202 (Halliwell and Gutteridge, 1999). A!bumin scavenges

oxidants in a sacrificial manner (Frei et al., 1992) and has been called a "sacrificial

antioxidant" (Halliwell and Gutteridge, 1999).

1.4 DISEASES ASSOCIATED WITH FREE RADICALS

Under certain conditions where ROS levels are raised beyond the capacity

of protective mechanisms or when these mechanisms are faulty, the ROS can cause

a number of diseases and be fatal (Acworth and Bailey, 1995).

Antioxidants have been known for their protective abilities against certain

diseases. Cardiovascular disease, cancer, cataracts, artherosclerosis, and immune

function are some the diseases that have shown some response with antioxidant

supplementation (LPI, 2001).

1.4.1 Cardiovascular disease

Studies suggest that increased vitamin E consumption is associated with a

decrease in cardiovascular diseases (heart attacks or death from heart disease) in
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both men and women. The greatest benefits were to individuals who consumed

800 lU/day (LPI, 2001). Two other studies found that men and women consuming

supplements containing at least 100 lU/day had a significant reduction in the risk

for heart disease (LPI, 2001). Gey et al. (1991) conducted epidemiological studies

that suggest that individuals with high plasma levels of vitamin E have a lower risk

of fatal heart disease.

1.4.2 Cancer

There is increasing evidence that ROS and reactive nitrogen species (RNS)

are involved in the development of some cancers, not only by direct effects on

DNA but also by affecting signal transduction, cell proliferation, cell death, and

intercellular communication (Halliwell and Gutteridge, 1999).

Several studies show that vitamin E has anticarcinogenic properties

(Meydani and Beharka, 1996). Some cancers are the product of oxidative damage

to DNA caused by free radicals (LPI, 2001). Animal studies have indicated that

vitamin E has inhibitory effects on the incidence and progression of some tumors

(Meydani and Beharka, 1996). Higher intakes of vitamin E may decrease the risk

for certain cancers (Burton, 1994).
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1.4.3 Cataracts

Oxidative stress caused by free radicals, hydrogen peroxide, and singlet

oxygen can contribute to cataracts in the elderly (Miller, 1997, Jacques and

Chylack, 1991). Oxidation of the lens proteins may play an important part in the

etiology of cataracts (Jacques and Chylack, 1991). Antioxidants, vitamins E, C and

A, may help to modify the risk of cataracts (Jacques and Chylack, 1991). Jacques

and Chylack (1991) reported that low vitamin C intake is associated with an

increased risk in cortical cataracts and posterior subcapsular cataracts.

Vitamin E has also been indicated in the prevention of cataracts (Bramley et

al., 2000). Eight of the 11 epidemiological studies, in which cataract risk and

vitamin E relationship were considered, showed an inverse correlation between the

two (Bramley et al., 2000). Three studies observed no relationship between

cataract risk and vitamin E intake, vitamin E supplements, or plasma vitamin E

concentrations (Bramley ci' al., 2000). There are currently two supplementation

studies in progress that should offer more information concerning the relationship

between cataracts and vitamin E intake (LPI, 2001).
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1 .4.4 Immune function

Antioxidants enhance the immune system by interactions with other

antioxidants and pro-oxidants, especially with polyunsaturated fatty acids. The

ideal level of antioxidant to take depends factors that modulate the immune

response, such as age and stress (Beharka, 1997).

Meydani et al. (1997) supplemented diets of healthy elderly subjects with

60, 200, or 800 mg a-tocopherol/day for 235 days. The results indicate that a level

of vitamin E higher than current Recommended Dietary Allowance (RDA) enhance

certain clinically relevant in vivo indexes of T-cell mediated function in healthy

adults.

Several studies have shown that animals consuming more than five times

the RDA of vitamin E for their species had significantly increased humoral and

cell-mediated immune responses and increased resistance to infectious diseases

compared to nonsupplemented controls (Tengerdy et at., 1990, Beharka et at.,

1997).

1.5 VITAMIN E

In 1922, Evans and Bishop noted something in lettuce that prevented fetal

resorptions in animals that had been fed a rancid lard diet. This unknown substance
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was later named vitamin E by Sure in 1924 (Veris, 1994). Because this compound

premitted an animal to bear offspring, Evans called this substance tocopherol, from

the Greek word tokos, meaning childbirth, and added the verb phero, meaning to

bring forth. The ending ol was added to the word to indicate the nature of the

molecule (Veris, 1994).

1.5.1 Structures

Vitamin E is the general name for a group of naturally occurring molecules:

four tocopherols and four tocotrienols (Figure 1.4 and Figure 1.5). Tocopherols

have a phytyl tail and tocotrienols have an unsaturated isoprenoid tail. Tocopherols

and tocotrienols differ in the number of methyl groups on the chromanol nucleus,

including mono (ö-), di (J3- or y-), and trimethyl (a-) tocols (Valk and Hornstra,

1999, Traber, 1999).

Due to the fact that the more methyl groups there are on the chromanol

nucleus corresponds to a higher biological activity, alpha(a)-tocopherol is the

natural and most biologically active form (Valk and Hornstra, 1999). It is also the

major lipid-soluble, chain-breaking antioxidant in mammalian tissue and plasma

(Bramley et at., 2000).
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1.5.2 Food Sources

Major vitamin E sources include wheat germ oil, vegetable oils, nuts, whole

grains, and green leafy vegetables. All forms of vitamin E are found in foods but in

varying amounts (LPI, 2001).

1.5.3 Requirements

According to the LPI, the RDA of vitamin E is based on the level to prevent

deficiency symptoms rather than the amount to promote health benefits and prevent

chronic disease. Previously, the RDA for women was 8 mg and 10 mg for men.

However, in 2000, The Food and Nutrition Board of the Institute of Medicine

revised the vitamin E requirement to 15 mg of a-tocopherol/day for men and

women ages 19 and older (Institute of Medicine, 2000).

1.5.4 Interconversion of vitamin E units

The term International Units is used to define vitamin E activity (Institute of

Medicine, 2000) and is used commonly on labels of bottles containing vitamin E.

However, new vitamin E recommendations are in milligrams (mg) of a-tocopherol.
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Alpha-tocopherol can come from natural vitamin E (d-a-tocopherol) or synthetic

vitamin E (dl-a-tocopherol), natural vitamin E is the active form and synthetic

vitamin E is the inactive form. When taking vitamin E supplements, you have to

take twice as much synthetic vitamin E to get the same effect of natural vitamin E

(Veris, 1994).

Because vitamin E on labels is often listed as IU, it is necessary to convert

mg to IU. To meet the RDA for vitamin E you need to get either 22 IU of natural

vitamin E (22 IU x 0.67 = 15 mg) or 33 IU of synthetic vitamin E (33 IU x 0.45 =

15 mg) (Veris, 1994).

1.5.5 Function

The main physiological function of vitamin E is that of an antioxidant is

well known. It reacts with and neutralizes free radicals in cell membranes and

other lipid environments. This process prevents damage from lipid oxidation to

PUFA (Bramley et al., 2000).

The cell membrane is composed primarily of lipids, which are vulnerable to

destruction through lipid peroxidation by free radicals (LPI, 2001). Membranes

that are damaged by oxidation may become leaky and break down (Miller, 1997).

Alpha-tocopherol intercepts these free radicals and prevents a chain reaction of

lipid destruction to the cell membrane. It is the only major lipid-soluble chain-
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breaking antioxidant that has been found in plasma, red blood cells, and tissues

(Burton et al., 1982).

Aipha-tocopherol (a-TOH) donates its phenolic hydrogen atom to the

radical in cellular and subcellular membranes and lipoproteins and converts it to a

hydrogen peroxide (5).

Initiation: a-TOH + ROO' a-T0 + ROOH (5)

The tocopheroxyl radical (a-T0) that is formed through this reduction step,

is stable due to the unpaired electron on the oxygen atom that is delocalized

throughout the aromatic ring, a-TO' can eliminate the chain reaction and is

removed from the cycle by a reaction with another peroxyl radical to form inactive

products (6).

a-T0 + R00 inactive products (6)

Because a-tocopherol can compete for peroxyl radicals much faster than

PUFAs, oniy a small amount of a-tocopherol is needed to protect a large amount of

polyunsaturated fat (Burton and Traber, 1990; Bramley et al., 2000).

Aipha-tocopherol also protects the fats in low-density lipoproteins (LDL)

from oxidation. Oxidized LDL has been implicated in the development of heart

disease. When a molecule of a-tocopherol quenches a free radical, it gets altered in

a way that it loses its antioxidant properties. However, vitamin C is able to

regenerate the antioxidant functions of a-tocopherol (Institute of Medicine, 2000).
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Vitamin E has several other functions unrelated to its antioxidant

capabilities (Institute of Medicine, 2000). Tocopherols and tocotrienols and their

metabolites have significant metabolic effects (Papas, 1999).

Vitamin E can dilate blood vessels and aid in inhibiting blood coagulation

(Institute of Medicine, 2000). Vitamin E compounds decrease the rate of adhesion

of platelets in a dose-dependant manner (Papas, 1999).

Tocotrienols appear to inhibit the activity of 3-hydroxy-3-methlglutaryl-

coenzyme A reductase. This enzyme is responsible for the synthesis of cholesterol

(Papas, 1999).

LLU-a is a proposed metabolite of y-tocopherol that may inhibit the 70 pS

K+ channel in the apical membrane in the kidney. LLU-a is an endogenous

natriuretic factor (Papas, 1999).

1.5.6 Physiology of absorption, metabolism, and excretion

Vitamin E is absorbed, transported, delivered to cells, and integrated into

lipid droplets and into cellular membranes and organelles in tissues. There are sites

along this pathway, which can be defective and lead to vitamin E deficiency by

impaired absorption (Traber and Sies, 1996).
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1.5.6.1 Absorption

The absorption of vitamin E from the intestinal lumen is dependant upon

processes necessary for digestion of dietary lipids, biliary and pancratic secretions,

micelle formation, uptake into enterocytes, and chylomicron secretion (Figure 1.5)

(Traber and Sies, 1996, Institute of Medicine, 2000).

Bile acids are necessary for the formation of mixed micelles, delivering

various products of lipolysis together free cholesterol to the intestinal mucosa. Bile

acids are essential to vitamin E absorption. When bile aids and pancreatic juice are

low, appearance of vitamin E in the lymphatic system are poor. Thus, vitamin E

deficiency occurs in patients with biliary obstruction, cholestatic liver disease,

pancreatitis, or cystic fibrosis (Traber and Sies, 1996).

In healthy individuals, efficiency of absorption is low (15-45%). It was seen

using thoracic duct cannulated rats that relative uptake decreases with increasing

amounts of dietary vitamin E (Traber and Sies, 1996).

The movement of vitamin E is thought to involve diffusion processes. In

the intestinal mucosa, chylomicrons are used for transport, consisting of

trigylcerides, free and esterified cholesterol, phospholipids, proteins, and

apoproteins, fat-soluble vitamins, and carotenoids (Figure 1.6) (Traber and Sies,

1996).
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FIGURE 1.5 Delivery of vitamin E to tissues
(Adapted from Institute of Medicine, 2000)

1.5.6.2 Transport

Chylomicrons transport vitamin E from the intestine via the lymphatic

pathway to the circulatory system. This transfer is regulated by complex

mechanisms that control lipid and lipoprotein metabolism. Lipoprotein lipase
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(LPL) is bound to the endothelial lining of capillaries and is an important enzyme

in the catabolism of chylomicrons. It hydrolyzes trigylcerides, releasing fatty acids

and has been shown to hydrolyze retinyl esters. Lipoprotein lipase also acts as a

transfer protein for vitamin E, by transferring it to various tissues such as adipose

Bile and
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Ingested
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Vitamin

E

Circulating HDL
Lipoproteins

\'
\ Fatty acids
\ andvitaminE

to tissues

Liver Uptake

FIGURE 1.6 Vitamin E secretion in chylomicrons and distribution to
ciculating lipoproteins
HDL = high-density lipoproteins; LPL = lipoprotein lipase.
(Adapted from Traber and Sies, 1996)
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tissue, muscle, skin, and perhaps the brain. Lipoproteins transport vitamin E in

plasma. However, there are no specific transfer proteins for vitamin E in plasma.

This is a major mechanism for the delivery of vitamin E to tissues (Traber and Sies,

1996).

1.5.6.3 Distribution

Vitamin E is distributed to all circulating lipoproteins during chylomicron

catabolism, which occurs rapidly during delipidation of trigylceride-rich

lipoproteins. This process causes chylomicron contents to be hydrolyzed, causing

excess surface area. This surface is transferred to high density lipoproteins, which

readily exchange surface components with other lipoproteins (Traber and Sies,

1996). The vitamin E in the circulating lipoproteins is ultimately absorbed to

tissues, which is the main route that vitamin E is delivered to tissues (Institute of

Medicine, 2000)

1.5.6.4 Metabolism and elimination

There is no storage organ for a-tocopherol but the bulk of the vitamin E in

the body is localized in the adipose tissue (Traber and Sies, 1996). Alpha-
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tocopherol is oxidized to tocopheroxyl radical and then to tocopherol quinone. The

tocopheroxyl radical can be reduced back to tocopherol, but the conversion to the

quinone is not (Bramley et al., 2000). Tocopherol quinone is converted to

hydroquinone, which then yields glucoronate. This glucoronate can be excreted in

bile or further degraded in the kidneys resulting in the formation of tocopheronic

acid and tocopheronolactone, which is then processed for urinary excretion (Traber

and Sies, 1996).

The major route of excretion (30-70% of ingested vitamin E) is fecal

elimination, due to the low intestinal absorption rates. The forms of vitamin E not

used in the body are eliminated into the liver and are thought to be excreted into

bile (Traber and Sies, 1996, Bramley etal., 2000).

1.5.7 Clinical effects of inadequate intake

1.5.7.1 Clinical signs and symptoms of deficiency

Since the discovery of vitamin E and its function, several species-dependant

deficiency symptoms of vitamin E have been documented (Chow, 1991).

Deficiency of vitamin E has similar neurological effects on humans and chickens.



1.5.7.1.1 Humans

Vitamin E deficiency has been seen in individuals with severe malnutrition,

genetic defects, and fat malabsorption syndromes. Neurological symptoms such as

impaired balance and coordination are the results of severe vitamin E deficiency

(LPI, 2001).

1.5.7.1.2 Chickens

In chickens, vitamin E deficiency affects the chicks and the mature birds

differently. In mature animals, deficiency manifests in less acute fashion and in

fewer cases such as atrophy of the pancreas. Rapid-growing chicks deficient in

vitamin E are affected more harshly, acquiring such conditions as

encephalomalacia, also called crazy chick disease. This condition causes chicks to

be born with a soft cerebellum (Walsh, 1995).
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1.5.7.2 Clinical signs and symptoms of toxicity

1.5.7.2.1 Humans

The most common toxic effect of vitamin E in humans is a decrease in

blood coagulation. It has been reported that high levels of vitamin E can reduce the

absorption of vitamin K, thus causing a decrease in blood coagulation (Veris,

1999). Very high doses (over 800 lU/day) have been shown to cause impaired sex

functions, increased risk of blood clots, altered immunity, altered metabolism of the

thyroid, pituitary and adrenal hormones (Vitamin E, 1997). According to the Linus

Pauling Institute, there have been no side effects reported of individuals taking

supplements of less than 2200 lU/day. These studies have only lasted a few weeks

to a few months. No long-term studies regarding the supplementation of vitamin E

have been conducted (LPI, 2001).

1.5.7.2.2 Chickens

Nockels et al. (1976) conducted an experiment to determine the control of

vitamin E in selected tissues of the broiler chick to observe any apparent toxicity

symptoms resulting from excessive oral ingestion of the vitamin. Broiler chicks

were fed experimental rations which contained 0, 2,000, 4,000, 8,000, 16,000,
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32,000, or 64,000 lU/kg of di-aipha tocopheryl. Birds fed 4,000+ IU showed

decreased pigmentation in the beaks, shanks, and feet. This could be caused by the

interference with absorptionldeposition of beta-carotene. After one week, the

researchers observed that the chicks fed 8,000+ lU/kg had feathers which appeared

excessively waxy to touch and in appearance. Total liver content of the vitamin

and spleen concentration of vitamin E significantly increased (P < 0.05) with each

increased supplemental level of the vitamin. The high levels of vitamin E did not

significantly affect the body weights of chicks. The large levels of dietary vitamin

E did not have an effect on mortality of the chicks. McCuaig and Motzok (1970)

reported that vitamin E fed to chickens is virtually non-toxic in large amounts.

1.6 VITAMIN E IN EGGS

Dju et al. (1950) were one of the first researchers to study the vitamin E

transfer efficiency from the hen's diet to the egg yolk. Hens were fed a commercial

mash diet until a steady egg production pattern was established. Over a period of

ten days, hens were fed a vitamin E-deficient diet containing 1.67 mg/bOg. Hens

virtually stopped laying while consuming this diet. Five capsules, containing

varied dosage levels of 100 to 4000 mg/week, of pure, natural tocopherols were

given every week. Eggs were stored at 22°C until analysis, and were analyzed for
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total and for - plus -y-tocopherols. Alpha-tocopherol was calculated by the

difference.

Hens supplemented with weekly a-tocopherol of 100 mg caused the total

tocopherol content in the whole egg to increase to 4 to 15 mg/l00 g. However, y-

tocopherol supplementation at the same level did not result in an increase in egg

tocopherol concentration. There was no evidence of conversion of non-u-

tocopherol to u-tocopherol. The efficiency of transfer of tocopherols to eggs

reached a high in these experiments at the lower levels fed (100 to 200 mg/week).

The transfer efficiency was calculated as follows:

% Efficiency = 100 x total tocopherol in eggs laidlweek
Amount of tocopherol fed/week

A supplementation level of 30 mg/i 00 g produced egg yolks with an average of

580 pig, a transfer efficiency of 19%

In 1965, Bartov etal. conducted a trial using thirty-two, 28-week old

Leghorn hens to investigate the relationship between the u-tocopherol level in the

hen's diet and in eggs and to determine the transfer efficiency of a-tocopherol to

their eggs. Prior to feeding the experimental diets of 8.6, 12.4, 12.7, 16.6 tg/g

dietary a-tocopherol, they were fed a semi-depletion diet containing 8.6 ig/g a-

tocophero! for ten days. Birds were divided into four groups (based on their egg

production) and fed ad libitum for 25 days. At the end of this period, four hens

from each group were selected on the basis of their evenly high egg production.



From each of these hens, five consecutive eggs were collected, stored at 3°C, and

a-tocopherol content determined.

Aipha-tocopherol content in the yolk was significantly influenced by dietary

a-tocopherol (P <0.05). Hens fed diets containing 8.6 tg/g a-tocopherol produced

egg yolk with an average of 119 ig a-tocopherol/yolk. Average a-tocopherol

content in the yolk of the 12.4 ig/g group contained 214 tg/g while the 12.6 tg/g

treatment group produced average yolks with 184 ig/g resulting in a transfer

efficiency of 16%. The eggs from the 6.6 tg/g a-tocopherol diet contained an

average of 304 tg a-tocopherol/g of yolk. The results from this experiment

indicate that the level of a-tocopherol in the yolk depends on the maternal dietary

a-tocopherol levels as well as the ability of individual hens to deposit c-tocopherol

to the yolk.

In 1966, Noble and Irving conducted an experiment using laying hens to

determine the relationship between ct-tocopherol in the feed and in the egg. When

feeding 22.2 mg a-tocopherol/kg in the feed, there was an average output of 870 ig

in the yolk, which is 39% transfer efficiency.

Jiang et at. (1994) conducted an experiment in which 127, 80 week old,

Single Comb White Leghorns laying hens were divided into treatment groups (n

=40 hens) and fed diets containing 0, 50, 100, 200, or 400 lU/kg dl-cc-tocopheryl

acetate. The basal diet used prior to the experiment contained 27.5 IU dl-c-

tocopheryl acetate/kg of mixed feed. Birds were fed ad libitum for 5 weeks. Eggs
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were collected daily and egg weight and production were recorded. Feed

consumption was measured weekly. Eggs were collected from day 21 to 23 and

were labeled, weighed, and yolks were analyzed for a-tocopherol content.

A significant increase in aipha-tocopherol content in yolks was noted by

increasing the aipha-tocopherol in the feed. A linear increase was noticed in the

egg yolk alpha-tocopherol content as aipha-tocopherol content in the feed

increased. After 21 days of the experiment, average a-tocopherol levels produced

from the 50 mg/kg, 100 mg/kg, 200 mg/kg, or 400 mg/kg groups were 164.42 tg/g,

235.57 ig/g, 245.76,j.tg/g, 390.08 j.tg/g, respectively. Egg production, egg yield,

and egg weight were not significantly different in hens fed supplemented feed.

Hens fed higher levels of a-tocopheryl acetate consumed less feed than hens fed

lower levels.

In 1998, Chen et al. conducted an experiment to study the a-tocopherol

content and oxidative stability of egg yolk as related to dietary a-tocopherol. Hens

were fed diets containing 0, 7.5, 15, 30, 60, or 120 mg supplemental a-

tocophero 1/kg of feed for 28 days. Alpha-tocopherol in the diet had a significant

effect on the ct-tocopherol levels in the egg yolks.

On day 0, yolks contained 32 j.tg a-tocopherol/g. By day 3, all yolks

contained similar concentrations of a-tocopherol. By day 7, a-tocopherol contents

in yolks were significantly different (P <0.05). On day 28, hens fed diets

containing 0, 7.5, 15, 30, 60, or 120 mg a-tocopherol supplementation, produced
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yolks with levels of 25, 30, 35, 45, 50, or 75 tgIg, respectively. Transfer efficiency

was not calculated in this experiment.

Table 1.1 compares the transfer efficiencies of previous and current studies.

Researchers Amount of a- Amount of a- Transfer
tocopherol fed tocopherol in the yolk Efficiency

(lU/kg) (IU) (%)
Bartovetal. 13.86 (12.6 tg/g) 0.202 (184 pg/yolk) 16

(1965)
Dju et al. (1950) 33 (30mg/kg) 0.63 8 (580 tg/yo1k) 19

Noble and Irving 24.42 (22.2 mg/kg) 0.957 (870 jig/yolk) 39
(1966)

Experiment #1 100 2.42 19
Experiment #2 140 2.85 18

TABLE 1.1 Comparative transfer efficiency values of previous research

1.7 PERCEPTIONS OF EGGS

There are both positive and negative perceptions surrounding the nutrition

of eggs. However, much of the negative perceptions are rooted by the media.
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1.7.1 Positive perceptions of eggs

Eggs contain the best and least-expensive high quality protein of any food.

The egg is a nutrient-dense food that contains 75 calories, 6 g of protein, 215 mg

cholesterol, and 5 g fat (2 g of saturated fat) (Eggcyclopedia, 1999). The vitamin

components of an egg include: vitamins A, D, E, B12, biotin, choline, folate,

inositol, niacin, pantothenic acid, pyridoxine, riboflavin, and thiamine

(Eggcyclopedia, 1999). Minerals found in the egg are: calcium, chlorine, iron,

magnesium, phosphorus, potassium, selenium, sodium, sulfur, zinc, and small

amounts of copper, iodine, and manganese (Eggcyclopedia, 1999). The

monounsaturated fats in the yolk (HDL) of the egg are fats that help maintain the

good cholesterol that protects us. In 1999, Harvard School of Public Health

reported that adults could safely eat an egg a day with no significant effect on the

risk of coronary heart disease or stroke (O'Leary, 2000).

1.7.2 Negative perceptions of eggs

In the past three decades, there has been a decline in per capita egg

consumption from 320 in 1970 to 233 in 1990 and an increase to 253 eggs in 1999.

This is mainly due to the public perception that serum cholesterol in humans is one

of the risk factors iii human heart and cardiovascular disease (Sim et al., 2000).
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Eggs have been linked with the cholesterol issue. Eggs are high in

cholesterol because they play a role in sustaining the development of an embryo.

Cholesterol is important as a precursor for sex and adrenal hormones and as a

structural component for cell membranes (Leeson, 1999).

In 1972, the American Heart Association updated its dietary

recommendations, including a restriction in dietary cholesterol intake to less than

300 mg/day (American Heart Association, 1998). As stated earlier, the average egg

contains approximately 215 mg of cholesterol. Also included in the

recommendations was a limit of no more than three eggs per week.

Clinical studies conducted by Howell in 2000 investigated the relationship

between dietary cholesterol and plasma cholesterol levels in humans (Sim et al,

2000). The results indicate that when dietary cholesterol is consumed within

physiological ranges, there is only a limited effect on the plasma cholesterol level

of the majority of people. No direct evidence has ever been produced that links egg

consumption with heart disease (Sim et al., 2000). In addition, the liver cuts back

normal cholesterol production when cholesterol levels in the diet increase. Thus,

the manufacture of cholesterol in the liver will continue in the absence or presence

of dietary cholesterol (Eggcyclopedia, 1999).



1.8 DESIGNER EGGS (FUNCTIONAL FOODS)

Due to the negativity towards egg consumption, the egg industry has

invested millions of dollars in research to prove that eggs are "Mother Nature's

perfect food." The industry has begun to examine different avenues concerning the

egg's nutrient composition, including "designer" eggs (Miles, 1998, Sim, 1998).

The creation of "designer" foods was developed due to food science and

nutrition science changing from the role of preventing deficiency symptoms to

producing a more healthful food. Other similar terms that have been used include:

functional foods, nutraceuticals, and phytochemical sources (Nutrition Society,

1999).

There is currently no internationally accepted firm definition for designer

foods (Nutrition Society, 1999). However, designer foods are commonly defined

as foods that have some identified value that will lead to certain health benefits to

the person consuming it (Miles, 1998). The following definition has been agreed to

by the European Union Concerted Action as a working definition for designer or

functional foods:

A food can be regarded as 'functional' if it is satisfactorily demonstrated
to affect beneficially one or more target functions in the body, beyond
adequate nutritional effects in a way that is relevant to either an improved
state of health and well being and/or reduction of risk of disease (Nutrition
Society, 1999).
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1.8.1 Changing the fatty acid composition of eggs

Titus et al. (1933) and Chuickshank (1934) were the first to examine the

effects of dietary lipids on the composition of eggs. In 1941, Chuickshank said:

"The ability of the fowl to lay down ingested fatty acids in the yolk is of practical

importance in connection with the feeding of fish oils and fish meal, which contain

highly unsaturated fatty acids." It is apparent from this statement that researchers

at that time were aware that eggs could be modified by a change in diet (Maurice,

1994).

1.8.2 Omega (Q) 3 fatty acids

The increase in consumption of Q-3 fatty acids by humans has been shown

to offer some potential in reducing the risk of coronary heart disease (Kinsella et

al., 1990). Sanders and Roshanai (1983) reported that consumption of

eicosapentaenoic acid (EPA) and decosahexaenoic acid (DHA) reduced serum

triglyceride levels and increased platelet Q-3 fatty acid content. It is possible to

enrich chicken eggs by increasing Q-3 fatty acids by adding these fatty acids to the

diet of laying hens. Recent studies have added fish oils as the -3 fatty acids to

layer diets to enrich the -3 fatty acids in eggs. However, the complaint of a
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"fishy" or "crabby" smell was associated with the additions of fish oils (Scheidler

et al., 1997). Other studies involving the inclusion of plant oils into the diets of

laying hens has shown less undesirable organoleptic traits in the enriched eggs

(Leeson ci al., 1998).

In 1990, Caston and Leeson fed laying hens diets containing 0, 10, 20, or

30% flaxseed. Flaxseed is a source of a-linolenic acid (18:3 -3). At all levels of

supplementation, large increases in -3 and -6 fatty acids were achieved. At

10% flaxseed, eggs had a linoleic: linolenic acid ratio of 3.2:1 versus a 35.3:1 ratio

in the diet without flaxseed. Linolenic acid increased from 0.4% to 4.6% per egg

with 10% flaxseed in the diet. The addition of these oils into the eggs offers an

alternative source of linolenic acid to the human diet.

Cherian and Sirn (1991) reported that feeding flaxseed increases the

linolenic acid content 8.8% versus 2.4% in the 16% canola oil meal treatment.

EPA and DHA levels were the same for both treatments.

The change in serum lipids and platelet fatty acid composition was studied

by Ferrier et al. (1992). The consumption of enriched eggs resulted in a decline of

35% in serum triglyceride levels. The non-enriched eggs did not have such an

effect. The DHA levels in the subjects consuming the enriched eggs increased by

60%.

Oh ci al. (1991) studied the effects of -3 fatty acid-enriched egg

consumption on blood concentrations in plasma and lipoproteins of individuals for

four weeks. Consumption of non-enriched eggs caused an increase in mean plasma
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c-3 fatty acid concentration. However, mean plasma cholesterol was unchanged

with consumption of Q-3 fatty acid-enriched eggs. A decrease in plasma

triglyceride concentration was also reported with consumption of -3 fatty acid-

enriched eggs.

1.9 OBJECTIVES OF STUDY

The two main additive dietary ingredients in these experiments were

vitamin E and flaxseed. These ingredients were chosen as supplements in the

experiments due to their health benefits and the content of a-linolenic acid in

flaxseed and their ability to be transferred from the hen's diet to the egg

(Cruickshank, 1934, Cruickshank, 1941, Dju etal., 1950, Bartov, etal., 1965,

Noble and Irving, 1966, Naber, 1979, Ferrier etal., 1992, Naber, 1993, Jiang etal.,

1994, Cherian etal., 1996, Scheideler and Froning, 1996, Scheideler etal., 1997,

Chen et al., 1998, Claussen, 1998, Leeson, etal., 1998, Leeson, 1999, Lewis, 2000,

Meluzzi, et al., 2000). The objectives between the two experiments were to 1)

determine the transfer efficiency of vitamin E from the diet of the laying hen to the

egg and 2) to determine the effects of various levels of vitamin E on hen

performance. Additional objectives of experiment 2 were to 1) determine the

degradation, if any, of vitamin E in the supplemented diets throughout the

experiment, and 2) to determine the toxic levels of vitamin E in laying hens.
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2.1 INTRODUCTION

The role of dietary supplementation to improve health has long been

accepted. Medical research has elucidated the role of dietary supplements in

prevention of several human diseases (Eriksson, 1987; Simopoulos, 1988). Dietary

sources of nutrients are preferred to supplements because foods contain complex

mixtures of ingredients, the actions of which are not fully understood but are

thought to be beneficial. Most likely, supplements, even natural ones, do not

contain all of the components found in foods. The recommended approach is to

obtain as many nutrients as possible from the diet and make up any deficiencies

with supplements, i.e. pills (Veris, 1999). Therefore, there is increasing interest in

designing high quality foods for human consumption that inherently contain a

known and consistent nutrient composition.

Manipulation of the nutrient composition of eggs via the hen's diet has been

investigated by numerous researchers (Dju etal., 1950, Bartov et al. 1965, Noble

and Irving, 1966, Jiang etal., 1994, Cherian et al., 1996, Scheideler & Froning,

1996). Egg total protein and carbohydrate content are not easily influenced by

dietary manipulation (Naber, 1979). Reducing the cholesterol concentrations in

eggs has also been met with marginal success (Hargis, 1988). However, the

vitamin E content of eggs has been found to be a variable that can be influenced by

diet. Supplementing vitamin E in the feed of hens has been shown to increase yolk
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a-tocophero! (Chen ci al., 1998, Jiang etal., 1994, Naber, 1993). However, values

from these studies differ considerably.

"Functional foods" is a new term in the US, but has been recognized in

Japan for the last 15 years and the UK for only the last five (Nutrition Society,

1999). These foods are a wide range of food products having the potential to

improve the health and well-being of an individual and maybe, to reduce the risk

from or delay the onset of, major diseases such as cardiovascular disease, cancer,

and atherosclerosis (Blades, 2000). The food industry has developed sophisticated

methods to control and alter the physical structure and chemical composition of

food products. Because of the potential for functional foods to have enhanced

health benefits, there is a growing market for these foods (Nutrition Society, 1999).

The discovery that vitamin E protects against degenerative diseases has

generated much research over the past few decades on the various health benefits of

the vitamin. The health-promoting effects of dietary vitamin E have motivated

considerable effort to enrich animal products with vitamin E. The egg industry has

been very quick to respond to seeking new technology to create foods beyond their

traditional nutritive value (Sim, 1998). The creation is called a "designer egg",

which includes no changes in the functional or sensory qualities, but has a

significantly altered lipid/nutrient composition. The purpose of this technology is

to revitalize egg consumption to offset the negative effect of the cholesterol scare.

Alpha (a)-tocopherol, which has vitamin E activity, has been extensively

used in foods as a natural antioxidant (Bauernfeind, 1977; Bauemfeind and Cort,
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1974; Burton and Ingold, 1981; Hahm et at., 1993; Jung and Mm, 1990). Alpha

(a)-tocopherol is a known antioxidant that shows a strong protective activity

against some cancers by quenching singlet oxygen and free radicals (Knekt et at.,

1991; Shklar, 1982; Shklar et at., 1989; Weisburger, 1991) and in inhibiting the

free radical formation in lipid oxidation linked to heart disease (Addis, 1990).

Therefore, the enhancement of eggs with additional vitamin E would be beneficial.

The transfer of various levels of vitamin E supplemented to the hen's feed

has been investigated with a varying range of results. Naber (1993) reported egg

vitamin content increased as the diet level of the vitamin increased. Jiang et al.

(1994) showed that when laying hens are fed a-tocopherol, its presence in the egg

yolk increases linearly in response to diet. Furthermore, as more a-tocopherol was

transferred to the egg through increased dietary levels, the calculated

proportionality index showed that egg a-tocopherol levels usually fell short of

keeping pace with increasing diet content; i.e. feeding ten times the amount of

vitamin E resulted in an increase of only five times the a-tocopherol in the egg.

Chen ci at. (1998) reported that supplementation of the diet with 0 to 120 mg a-

tocopherol per kg in the feed increased the a-tocopherol content in the egg yolk in

a dose-dependant manner. Another way to evaluate diet to egg vitamin

relationships is to calculate the efficiency of vitamin output in eggs as a function of

dietary intake. The transfer efficiency of vitamin E is somewhat variable but

averages approximately 20% (Naber, 1993). The three studies used to determine

that average were by Dju et al. (1950), Bartov ci at. (1965) and Noble and Irving
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(1966). Dju el at. showed that when hens were fed 30 mg of a-tocopherol, 580 jg

were incorporated to the egg, a transfer efficiency of 19%. Bartov et al. reported

only 16% transfer efficiency when hens were fed 12.6 mg a-tocopherol. The

highest transfer efficiency is seen in Noble and Irving's study in 1966, at 39%.

The objective of the present study was two-fold: A) to re-evaluate the

conversion efficiency between the dietary vitamin E and egg vitamin E and B)

determine if dietary supplementation vitamin E affects egg production parameters

or egg quality. These are implications that would be important to the marketing of

eggs to the consumer.

2.2 MATERIALS AND METHODS

One hundred ninety two, 50-week-old Single Comb White Leghorn hens

(Dekaib XL) were separated into 12 dietary treatments with four replicate groups of

four birds in each treatment. On day 0 of the experiment, all of the birds were

weighed. two eggs from each replicate group were marked for later analysis, and

the birds were started on the experimental diets.

The basal diet, shown in Table 2.1, was formulated to meet or exceed all of

the nutrient levels determined to be important for laying chickens at 90%

production (NRC, 1994), and to contain 10% ground, full fat flax seed (Table 2.1).
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TABLE 2.1 Dietary composition and nutrient analysis

Ingredients and analysis Basal
(%)

Yellow Corn 58.49
Soybean Meal 44% 13.98
Flax seed 10.00
Limestone 7.94
Poultry Blend Fat 4.69
Vitamin-mineral premixt 2.50
Dicalcium 1.98
Salt (iodized) 0.25
d,l Methionine 0.19

Calculated nutrient analysis
Crude Protein (%) 15.00
ME, kcal/kg 2860
C182 (linoleic acid) (%) 2.34
C183 (linolenic acid) (%) 0.10
Fiber, calculated (%) 3.16
Calcium, calculated (%) 3.50
Total Phosphorus, calculated (%) 0.71
Available Phosphorus, calculated (%) 0.45

Xanthophyll (mg/kg) 14.60
TSAA, calculated (%) 0.58

I Vitamin-mineral premix provided per kg: Mn, 647.23 mg; Cu, 72.61 mg; Fe,
645.36 mg; Zn, 552.23 mg; Se, 2.74 mg; retinol, 53.94 KIU; cholecalciferol, 20.74
KIU; phytonadione, 13.69 mg; thiamin, 38.75 mg; riboflavin, 33.19 mg; niacin,
371.53 mg; pantothenic acid, 74.81 mg; pyridoxine, 28.29 mg; cyanocobalamin,
164.49 .tg; folic acid, 9.14 mg; choline, 9696.77 mg; biotin, 1.66 mg; ethoxyquin,
2601.23 mg/kg.

In addition, the basal diet was provided with a vitaminlmineral premix that

was lacking vitamin E. After mixing, the basal diet was divided into 12, 72 kg
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portions one for each treatment group. Vitamin E in the form of spray dried, d1-c-

tocopheryl acetate (BASF, 500,000IU/kg) was added to bring the calculated dietary

level in each experimental diet to 5, 10, 15, 20, 25, 100, 200, 250, 350, 400, 500, or

700 lU/kg, respectively.

The birds were fed adlibitum for 28 days. On days 7, 14, 21, and 28, all of

the birds were weighed and feed consumption was determined by measuring

residual feed in the trays. Eggs were collected daily and stored in flats in the

refrigerator at 2°C. Once each week, on days of measurements, eggs produced

were collected and labeled with diet, replicate group, and cage number of the hen

for later analysis. The eggs were refrigerated immediately after collection at 2°C.

Two eggs were selected at random from each replicate group for a-

tocopherol analysis, one for whole egg and one for yolk analysis. All of the

remaining eggs were weighed, and broke open to determine yolk weight, shell

weight, albumen height, and yolk color.

2.2.1 Alpha (a)-tocopherol analysis methods

Alpha-tocopherol concentrations in eggs can be analyzed by a high-

performance liquid chromatographic (HPLC) method. The determination of

tocopherols involves a simple extraction without saponification or derivatization

described by Craig ci al. (1994). Liu et al. (1996) used isooctane to extract
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tocopherols in beef and separated them by normal phase chromatography using a

silicic acid column and isooctane as a major mobile phase solvent. Chen et al.

(1998) used this method on a-tocopherol analysis of egg yolk.

Four eggs (one from each replicate group) for whole egg analysis were

broken open, the contents were weighed, and mixed together. Another set of four

eggs for yolk analysis were broken open, the yolks were weighed, and mixed

together. Three milliliters (ml) of distilled water were combined with one ml of the

whole egg or yolk mixture in a test tube. The tube was vortexed for 20 seconds,

transferred to a smaller plastic test tube and frozen at 0°C. The following day, the

contents of the test tubes were thawed on a Sybron Thermolyne Speci-Mix (test

tube mixer). Extraction and analysis were the same as the methods used by Craig

et al. (1994) to determine both whole egg and yolk cx-tocopherol levels.

2.2.2 Statistical analysis

A one-way ANOVA was used to analyze the effects of dietary a-tocopherol

on egg yolk a-tocopherol content. Alpha-tocopherol levels in the whole egg and

egg yolk, egg weight, body weight, feed consumption, yolk weight, shell weight,

albumen height, and yolk color were the dependant variables and the treatment was

the independent variable. Significant differences among treatment means were

analyzed using the LSD test at (P <0.05).
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2.3 RESULTS

2.3.1 Vitamin E levels

Since vitamin E is a fat-soluble vitamin, it will be found mostly in the yolk.

Therefore, only the egg yolk data is reported. The a-tocopherol content in the egg

yolk with the supplementation levels (200, 250, 350, 400, 550, 700 lU/kg of feed)

from day 0 to day 28 is shown in Figure 2.1.
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--. 700
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FIGURE 2.1 Relationship of alpha-tocopherol in egg yolk over the course of
the experiment
(Only 6 of the 12 treatment groups are shown due to the downward sloping of the
lower 6 groups)
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The day 0 analysis showed approximately 0.05 IU/g of ct-tocopherol in egg

yolk contributed by the previous diet. The previous diet that the birds consumed,

which produced this level of a-tocopherol in the yolk contained approximately 17

lU/kg of vitamin E. During the first two weeks the a-tocopherol content in the egg

yolk from all treatment groups increased. As the dietary a-tocopherol

supplementation increased in the diet, egg yolk a-tocopherol increased at a dose-

dependant rate (P < 0.05). On day 21, all treatment groups noted a decline in egg

yolk a-tocopherol content, which was not significant. The level of vitamin E was

at its maximum at either day 14 or day 21, with a reduction by day 28. Only one

treatment group (700 lU/kg) showed an increase of yolk vitamin E level between

the 21st and 28th day of the experiment. On day 21, the 700 lU/kg group's yolk a-

tocopherol level was 1.000 IU/g and on day 28 was 1.020 IU/g, an increase of

0.00 194 IU/g of yolk. This increase was not significant.

2.3.2 Vitamin E transfer efficiency to the egg yolk

The transfer efficiency of a-tocopherol to the egg yolk was calculated and

the data are presented in Table 2.2. The transfer efficiency calculation is dependent

on the daily average vitamin E intake and average yolk weight. The daily average

feed consumption per bird was multiplied by the analyzed amount of vitamin E in

the feed to yield the daily average vitamin E intake (IU) per bird. The analyzed
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amount of vitamin E in the yolk (TU/g) was multiplied by the average weight of the

yolk and the product is the amount of vitamin E deposited into the yolk (JU). The

transfer efficiency of vitamin E into the egg yolk is the ratio of vitamin E in the

yolk to average vitamin E intake.

Transfer efficiency was high (> 50%) in the lower treatment groups (5 to

20) but dropped for the higher treatment groups (25 to 700) to about 25%. Vitamin

E transfer efficiency over the 28 days averaged about 33%. The average transfer

efficiency was 34% at day 14 and 31% at day 28 of the experiment.

Figure 2.2 shows the relationship between vitamin E intake (lU/day) and

deposition efficiency (%), during the 28 days of the experiment. Transfer

efficiency is defined as the amount of vitamin E deposited into the yolk (output)

divided by the amount of vitamin E ingested by the hen (input). The transfer

efficiency (%) decreased as the vitamin E intake (lU/day) increased.

The relationship between vitamin E intake (lU/day) and yolk vitamin E (IU)

is shown in Figure 2.3. As dietary vitamin E intake increased, yolk vitamin E

increased. Jiang et at. (1994) and Qui and Sim (1998) reported that when hens are

fed a vitamin E supplemented diet, its presence in the egg yolk would increase in a

linear manner.



TABLE 2.2 Calculation of transfer efficiency

Diet

(lU/kg)

Analyzed
Vitamin
E in the
Feed

(I U/g)

Daily Average
Feed

Consumption
(g)

Daily Average
Vitamin E
Intake (IU)

Analyzed
Vitamin E
in the Yolk
(lU/g)

Average
Yolk
Weight (g)

Vitamin E
in the
Yolk (IU)

Vitamin E
Transfer
Efficiency
(%)

Day
0

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

5 0.006 137.5 116.5 0.82 0.69 0.029 0.022 19.28 19.41 0.56 0.43 69% 62%

10 0.010 164 120.1 1.61 1.18 0.036 0.030 18.34 19.71 0.66 0.59 41% 50%

15 0.015 143.7 117.7 2.22 1.82 0.061 0.035 18.68 18.68 1.13 0.66 51% 36%

20 0.021 144.1 1 3.9 3.08 2.44 0.090 0.055 18.86 17.85 1.69 0.99 55% 41%

25 0.030 148.5 1 1.6 4.41 3.31 0.092 0.057 17.41 19.88 1.61 1.13 36% 34%

100 0.108 122.2 115.7 13.20 12.50 0.205 0.135 19.05 17.98 3.90 2.42 30% 19%

200 0.240 140.8 115.7 33.79 27.77 0.372 0.280 18.37 18.81 6.84 5.27 20% 19%

250 0.257 142 115.7 36.49 29.73 0.530 0.417 17.9 18.08 9.48 7.54 26% 25%

350 0.383 154.2 111.2 59.06 42.59 0.726 0.472 18.2 18.78 13.21 8.86 22% 21%

400 0.459 155.4 116.5 71.33 53.47 0.895 0.606 18.94 18.88 16.94 11.45 24% 21%

550 0.607 170 112 103.19 67.98 1.042 0.755 19.06 19.47 19.85 14.71 19% 22%

700 0.767 157.5 115.3 120.80 88.44 1.279 1.020 18.32 19.08 23.42 19.45 19% 22%
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FIGURE 2.2 Relationship between vitamin E intake and transfer efficiency

2.3.3 Egg weight, yolk weight, shell weight, albumen height, and yolk color

Average egg weights are presented in Table 2.3. Egg weights increased

slightly during the 28 days of the experiment. Average egg weights increased from

64.8 g to 65.9 g during the four weeks of the study. This increase was not

significant. However, eggs from higher dietary vitamin E treatment groups were
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FIGURE 2.3 Effect of vitamin E intake on yolk vitamin E content
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heavier than those from the lower supplementation groups. Neither yolk weight,

shell weight, nor albumen height were significantly affected by the level of a-

tocopherol in the diet. Yolk color, based on the standard Roche Yolk Color Fan,

increased significantly between the day 14 measurements and day 28 measurements

(P < 0.05).



2.3.4 Body weight

Body weights of the hens are presented in Table 2.4. The data show that the

varying levels of a-tocopherol in diets of the hens did not cause changes in body

weight. During the experiment, average weights of the hens tended to increase

during the 4 weeks of the experiment. Only the birds fed the diet containing 250

lU/kg a-tocopherol failed to gain weight. While the average body weights were

variable, they were not significantly different between the dietary treatment groups

at any time during the 28 days of the experiment.

2.3.5 Feed consumption

Average daily feed consumption during the week prior to day 14 and day 28

weighings are given in Table 2.4. Feed consumption was measured for each

replicate group of four hens fed a particular diet. Consumption between the

different diet groups during the experiment was not significantly different (P>

0.05). However, consumption levels during the week preceding day 14 were higher



TABLE 2.3 Egg quality characteristics of hens fed vitamin E

Diets
(lU/kg)

Egg Weight (g) Yolk Weight (g) Shell Weight (g) Albumen Height (mm) Yolk Color
Index

Day
0

Day 14 Day
28

Day
0

Day
14

Day
28

Day
0

Day
14

Day
28

Day
0

Day
14

Day
28

Day
0

Day
14

Day
28

5 65.57 62.03 67.40 18.57 17.91 18.70 7.4 8.6 7.9 7.o 6.4 7.3 NR 10.0 10.5

10 65.16 65.24 65.23 18.50 17.51 18.46 8.6 8.4 8.8 8.9a 7.0 6.1 NR 8.8 10.4

15 63.05 61.83 61.40 19.23 18.35 17.12 9.0 7.8 7.7 7.7' 6.4 6.0 NR 9.0 9.4

20 65.39 63.45 66.34 18.30 18.37 18.58 8.5 8.3 8.5 7.8" 6.5 6.1 NR 7.7 10.0

25 64.16 63.55 64.40 17.71 18.63 19.30 8.6 9.4 8.8 7.8" 6.2 6.1 NR 7.8 10.1

100 66.53 67.20 67.63 19.40 19.23 18.93 8.0 9.1 8.4 7.5 6.7 6.2 NR 9.4 10.3

200 65.46 62.63 70.37 19.50 20.33 17.07 7.9 8.9 8.5 73ae 6.3 7.0 NR 7.8 10.0

250 63.46 64.57 61.87 18.60 18.09 20.68 8.5 8.3 8.3 7.2 6.7 6.6 NR 9.0 10.5

350 64.75 68.42 67.01 19.33 19.86 18.93 8.6 8.7 9.2 7.4' 6.9 5.9 NR 9.0 10.7

400 60.81 67.22 65.86 18.39 19.64 19.20 7.1 8.6 8.5 6,3' 6.9 5.9 NR 8.3 10.2

550 70.98 68.57 68.96 22.82 19.49 19.81 8.0 8.6 8.6 7.5 7.3 6.3 NR 7.9 9.0

700 64.30 64.22 67.34 18.24 18.96 18.98 8.4 8.6 8.0 6.5' 6.4 6.2 NR 8.0 10.6

Avg 64.98 65.73 65.92 18.99 18.86 18.61 8.2 8.6 8.4 74A 6.6b 6.3 NR 8,4L 10,3w

A_ B - mean values within a row with no common superscript differ significantly (P < 0.05)
C D - mean values within a row with no common superscript differ significantly (P < 0.05)
a_ mean values within a column with no common superscript differ significantly (P < 0.05)
NR data not recorded
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TABLE 2.4 Daily egg production and body weight of hens fed various levels of
vitamin E in diet

Diet
(lU/kg)

Egg Production
(%)

Body Weight (kg)

Over 28 days Day 14 Day 28
5 74.11 1.86 1.88
10 81.70 1.98 1.96
15 83.48 1.81 1.81
20 79.29 2.03 2.01
25 82.14 1.87 1.87
100 85.04 1.87 1.89
200 84.15 2.01 2.02
250 80.80 1.88 1.85
350 81.92 1.88 1.89
400 85.94 1.83 1.86
550 82.14 1.92 1.90
700 78.57 1.91 1.90
Avg 81.61 1.90 1.90

There were no significant differences found in daily feed consumption, egg
production or body weights. (P < 0.05)

and more variable, 121.90 to 168.48 g/day/hen during the second week compared

to a range of 106.51 to 119.88 g/day/hen during the fourth week. Laying hens at

50+ weeks of age are estimated to eat 106 g/day (DeKaib, 1995). This difference

of 5 to 64 g/bird/day was due to feed waste by the hens during the first two weeks

of the experiment. Management was changed during the last two weeks by

installing a wire mesh cover on the feed so that the hens couldn't waste the feed.



2.3.6 Egg production

The average egg production for each dietary group is given in Table 2.4.

Average egg production varied from 74.11 to 85.94% during the 28 days of the

experiment. There were no significant differences between dietary groups (P>

0.05).

2.4 DISCUSSION

The results of this work show that the inclusion of ct-tocopherol in the diet

of production hens has a major influence on the level of a-tocopherol in their eggs.

The averages that were obtained in this experiment are similar to those obtained by

other researchers. Noble and Irving (1966) fed laying hens 22.2 mg of vitamin E

and reported 39% transfer efficiency into the egg yolk. However, other studies

have reported lower transfer rates. Dju et al. (1950) obtained 19% transfer

efficiency when they fed laying hens 30 mg of vitamin E. A 16% transfer

efficiency was recorded by Bartov et al. (1965) when they fed 12.6 mg of vitamin

E to laying hens.

In our experiment, in the lower dietary vitamin E levels, of 5, 10, 15, 20,

and 25 lU/kg of feed, the level of vitamin E found in the egg yolk at day 7 was

equal to or higher compared to that found at day 14. After 14 days, in most cases
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vitamin E levels declined further. At the higher vitamin E levels, 100, 200, 250,

350, 400. 500, 700 lU/kg of feed, the vitamin E levels continued to increase

following the first week and peaked at 14 days after feeding began (Figure 2.1).

It is evident that the vitamin E level in the eggs from hens fed at levels less

than 50 lU/kg become saturated more quickly. The hen produces yolk over the

course of 10 to 12 days, layering yolk material until ovulation. Therefore, at the

beginning of the experiment, the inner layers of the yolks were produced from the

previous feed. At the lower levels of vitamin E in the diet, much of the vitamin

must be used for other purposes, such as maintenance functions, thus reducing the

amount secreted into the yolk. At the higher vitamin E treatment levels, vitamin E

at the maintenance requirement is deposited into the yolk at increasing levels after

day 7. The large declines of vitamin E in the yolk between 14 and 28 days is

puzzling and must be investigated further.

One possible reason for the decline of vitamin E in the yolk could be that

the level of vitamin E deteriorated in the mixed feed. However, this cannot be

determined as the feed was only analyzed once at the beginning of the experiment.

To ensure that the nutrient levels in the diets were identical, the basal diet was

mixed once at the beginning of the experiment, the supplemented vitamin E was

added at this time, and this mixture was then fed for the entire 28-day experimental

period. The feed was stored in aluminum cans in the chicken house during the

months of April and May. It is possible that a portion of the vitamin degraded over

time due to temperature and was, therefore, not available by the birds. This may



account for the sizeable decline in the vitamin E incorporated into the yolk as time

progressed.

To alleviate the possibility of a decline in vitamin E concentration in the

feed and also any problems associated with variable consumption rates, true levels

of vitamin E ingestion would best be accomplished by refrigeration of the feed to

decrease or prevent degradation or by dosing the birds with a known amount of

vitamin E on a daily basis. This way, consumption differences would be eliminated

and the vitamin E would not be liable to degradation.

Ingestion of high levels of vitamin E did not negatively affect any of the

production parameters that are important to the egg producer. While identifying its

potential impact on production parameters was not the primary goal of this

research, should designer eggs be developed by the industry, production effects

must be considered.

In the present study, average egg weight increased by over 1 g (about 1.5%)

during the course of the four weeks of the project. This was to be expected; as hens

get older, egg size and weight increase (DeKalb, 1995).

The hens readily consumed the experimental diets as shown by the lack of

any significant decline in feed consumption during the 28 days of trial and the

maintenance of body weight. Feed consumption was variable, likely due to some

spillage early in the experiment.

Percent egg production on a per hen basis showed no difference between

diets. Production was variable and somewhat low (74.11 to 85.94%) in some of the



dietary treatment groups but within production parameters for 50+-week-old hens

(84 to 86%) (DeKaib. 1995). Therefore, we can conclude that feeding of high

levels of ct-tocopherol in the diet was not detrimental to the overall production

performance of the hens.

Neither yolk weight nor shell weight was found to be different by the week

of production or the diet of the hen. Therefore, the increase in overall egg weight

must be related to an increase in albumen weight or both the yolk and albumen.

Albumen weight was not measured directly; however, a combination of the two

resulted in the significant difference noted on overall egg weight (P < 0.05).

Albumen height declined significantly during the course of the experiment

(P < 0.05). The average height of the albumen at the beginning of the experiment

was 7.38 mm and in four weeks it declined to 6.29 mm. This decline was expected

because of the age of the hens. However, no significant difference in albumen

height was noted between the dietary treatments.

Recording yolk color did not begin until the day 14 analysis, but yolk color

showed a dramatic increase between day 14 and day 28. Using the standard Roche

Yolk Color Fan, the average yolk color score rose from 8.4 to 10.3 over the course

of the final two weeks of the project. This was probably due to the addition of 10%

flax into the diet; flax is known to have high levels of xanthophyll that causes

darker yolk pigmentation. There was no change in yolk color that could be related

to the dietary treatments.
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3.1 INTRODUCTION

Functional foods were developed to contain such features as increased

mineral or vitamin content, lower lipid and cholesterol levels, and an altered fatty

acid profile (Nutrition Society, 1999). Modifying egg content can be achieved by

either inducing metabolic changes in the hen resulting in the synthesis of

compounds that are deposited in the egg (Miles, 1998) or by changing the level of

the desired substance in the diet of the hen (Naber, 1979).

A review by Naber (1993) shows that eggs can be enriched in the vitamin

content of certain vitamins by the addition of high levels of the vitamin into the diet

of the hen. Factors that contribute to egg vitamin composition have been reported

as variability in egg vitamin composition, relationship of dietary vitamin content to

egg content, and the efficiency of vitamin transfer to the egg (Naber, 1993). As

compared to the other vitamins, vitamin E has been reported to have a medium

transfer efficiency (1 5-25%)(Naber, 1993).

Chen et al. (1998) reported that dietary a-tocopherol had a significant effect

on the a-tocopherol content in the egg. Meluzzi et al. (2000) showed a linear

relationship between the vitamin E fed to the hen and the percentage of vitamin E

in the yolk.

The transfer efficiency of vitamin E in the hen's diet to the egg yolk has

been researched since 1950 (Dju et al., 1950, Bartov et al., 1965, Noble and Irving,

1966). The transfer efficiency has been defined as follows:
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% efficiency = 100 x total a-tocopherol in eggs laid/week
amount of a-tocopherol fed/week (Dju et al., 1950)

Dju ci' al. (1950) fed mature laying hens a commercial mash diet deficient in

vitamin E. Supplements of a-, 'y-, and ö-tocopherols were given in capsules five

times per week. A transfer efficiency of 19% was reported for birds fed 30 mg/kg.

Bartov ci al. (1965) fed laying hens a diet containing 12.6 mg/kg of vitamin E with

an output in the egg yolk of 205 tg, an efficiency of 16%. In 1966, Noble and

Irving reported 39% transfer efficiency when they fed laying hens 22.2 mg of

vitamin E per kg of diet.

The a-tocopherol content of an egg can be analyzed by high performance

liquid chromatography (HPLC). Craig etal. (1994) and Chen etal. (1998) used a

similar method to determine the a-tocopherol content in egg yolk.

When levels in the diet are too high, toxic effects can be noted. The most

common toxic effect of vitamin E in humans is a decrease in blood coagulation. It

has been reported that high levels of vitamin E can reduce the absorption of vitamin

K, thus causing a decrease in blood coagulation (Veris, 1999). Very high doses

(over 800 lU/day) have been shown to cause impaired sex functions, increased risk

of blood clots, altered immunity, altered metabolism of the thyroid, pituitary and

adrenal hormones (Vitamin E, 1997). According to the Linus Pauling Institute

(LPI), there have been no side effects reported of individuals taking supplements of

less than 2200 lU/day in studies that have only lasted a few weeks to a few months.

No long-term studies regarding the supplementation of vitamin E have been

conducted (LPI, 2001).
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Nockels el at. (1976) attemped to determine the control of vitamin E in

selected tissues of the broiler chick and observe any apparent toxicity symptoms

resulting from excessive oral ingestion of the vitamin. Broiler chicks were fed

experimental rations which contained 0, 2,000, 4,000, 8,000, 16,000, 32,000, or

64,000 lU/kg of dl-a-tocopheryl. Birds fed 4,000+ IU showed decreased

pigmentation in their beaks, shanks, and feet. This could be caused by the

interference with absorptionldeposition of beta-carotene. After one week, the

researchers observed that the chicks fed 8,000+ lU/kg had feathers that appeared

excessively waxy to the touch and in appearance. Total content of vitamin E in

liver and spleen tissue significantly increased with each increased supplemental

level of the vitamin. The high levels of vitamin E did not significantly affect chick

body weight or mortality. McCuaig and Motzok (1970) reported that vitamin E fed

to chickens is virtually non-toxic in large amounts. There have been no reports on

the toxicity of vitamin E in laying hens.

The objectives of the present study were as follows: 1) to determine the

variation of transfer efficiency of vitamin E from the diet of laying hens to egg yolk

at various dietary levels, 2) to determine any adverse effects of high levels of

vitamin E on hen performance, 3) to determine if the levels fed in this work showed

any toxic effects on the bird.
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3.2 MATERIALS AND METHODS

Ninety-six Single Comb White Leghorn (DeKalb XL) hens, 36 weeks old,

were randomly divided into six treatment groups and fed experimental diets

formulated to contain 15, 250, 500, 1000, 2000, or 3000 IU a-tocopherol/kg of feed

for 28 days. The birds in each treatment group were further divided into 4 replicate

groups of four birds each. On days 0, 7, 14, 21, and 28 of the experiment, birds

were weighed and eggs were collected with one egg from each replicate groups to

be used for egg yolk a-tocopherol analysis and the remainder egg quality analysis.

Basal diets were formulated to contain all of the nutrients required for

laying hens at 90% production (NRC, 1994) with the exception of vitamin E. Ten

percent ground, full fat flaxseed was added to the diet (Table 3.1).

The basal diet was separated into six, 72 kg portions. Spray dried, dl-cL-

tocopheryl acetate (BASF, 500,000 lU/kg) was added to the diet to provide

calculated dietary levels of 15, 250, 500, 1000, 2000, or 3000 lU/kg.

Feed consumption was determined on a weekly basis for each replicate

group. At the beginning of each week, 5 kg of feed (for each replicate group) were

stored in dry, dark, covered cans in the chicken house. The remaining feed was

stored held at a constant temperature of 2°C. Hens were fed ad libitum for 28 days.



79

TABLE 3.1 Dietary composition and nutrient analysis

Ingredients and analysis Basal
(%)

Yellow Corn 58.49
Soybean Meal 44% 13.98
Flax seed 10.00
Limestone 7.94
Poultry Blend Fat 4.69
Vitamin-mineral premix' 2.50
Dicalcium 1.98
Salt (iodized) 0.25
d,l Methionine 0.19

Calculated nutrient analysis
Crude Protein (%) 15.00
ME, kcal/kg 2860
C,82 (linoleic acid) (%) 2.34
C,83 (linolenic acid) (%) 0.10
Fiber, calculated (%) 3.16
Calcium, calculated (%) 3.50
Total Phosphorus, calculated (%) 0.71
Available Phosphorus, calculated (%) 0.45
Xanthophyll, mg/kg 14.60
TSAA, calculated (%) 0.58

I Vitamin-mineral premix provided per kg: Mn, 647.23 mg; Cu, 72.61 mg; Fe,
645.36 mg; Zn, 552.23 mg; Se, 2.74 mg; retinol, 53.94 KIU; cholecalciferol, 20.74
KIU; phytonadione, 13.69 mg; thiamin, 38.75 mg; riboflavin, 33.19 mg; niacin,
371.53 mg; pantothenic acid, 74.81 mg; pyridoxine, 28.29 mg; cyanocobalamin,
164.49 jig; folic acid, 9.14 mg; choline, 9696.77 mg; biotin, 1.66 mg; ethoxyquin,
2601.23 mg/kg.



Birds were weighed and feed consumption was determined weekly on days

0, 7, 14, 21, and 28. Feed consumption was determined once a week by measuring

the remaining feed in the trays. All eggs were collected on days of measurement

and labeled with diet, replicate group and cage number for later analysis. Eggs

were refrigerated at 18°C immediately after collection.

Eggs not used for egg yolk u-tocopherol analysis were examined weekly to

determine egg weight, shell weight, yolk weight, albumen height, and yolk color.

3.2.1 Alpha-tocopherol analysis methods

3.2.1.1. Eggs

Eggs selected for yolk a-tocopherol analysis were weighed and the yolk

carefully separated from the albumen. The yolk was blended with a wisk for 30

seconds. One gram of egg yolk was combined with 3 grams of double distilled

water in a test tube. The mixture was vortexed for twenty seconds and then

transferred into a plastic test tube for freezing. This dilution was only adequate for

the first week of the experiment because the fluorometer could not catch the peaks

for the following week. The dilution factor had to be increased to twenty instead of

four to ensure that the fluorometer would be able to account for all of the a-

tocopherol in the yolk.
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The day following the egg yolk preparation, an HPLC extraction was

conducted to determine the level of c-tocopherol in the egg yolk. The egg yolk

samples were defrosted on a Sybron Thermolyne Speci-Mix test tube mixer. The

procedure used is the same as that used by Craig etal. (1994) but modified to

determine the a-tocopherol content in the egg yolk. The methods were modified

for analysis of a-tocopherol in eggs.

3.2.1.2 Feed

Determination of vitamin E in feed samples involved the use of tocol as the

internal standard, ethanolic saponification of the samples, and extraction into an

organic solvent followed by HPLC fluorometric quantitation. The d, 1 c*-tocopherol

standards at 20, 10, 5, 2, and 1 mg/ml were analyzed at the beginning and end of

each assay. Four controls were interspersed within each run. Feed samples and

controls at a weight of 20 mg or less were weighed into 16 X 125 glass screw cap

tubes. Solutions containing the internal standard, tocol, and ascorbic acid in

ethanol and potassium hydroxide in ethanol were added to the tubes. The tubes

were mixed and heated for 35 minutes in a 70°C heating block. Upon cooling of

the tubes, sodium chloride and a solution of hexane and ethyl acetate were added.

The organic phase was pipetted into glass 12 X 75 culture tubes and evaporated to
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dryness. The residue was reconstituted in a methanol/ascorbic acid solution,

centrifuged and transferred to amber HPLC vials.

3.1.2 Toxicity analysis

Four laying hens from the 3000 lU/kg treatment group were necropsied to

reveal any signs of vitamin E toxicity. Kidney and liver tissues were taken for

histopathology preparation to determine any microscopic changes in these tissues.

3.1.3 Statistical analysis

A one-way ANOVA was conducted using the SAS, Jmpin program to

determine the significant differences between dietary treatments and weeks on the

trial. Significant differences among treatment means were analyzed using the

Duncan's Multiple Range Test.



83

3.3 RESULTS

3.3.1 Vitamin E levels

Yolk alpha-tocopherol levels are shown in Figure 3. 1. For each treatment

group, the average a-tocopherol level in the yolk was between 0.042 and .05 IU/g

of yolk prior to feeding the experimental diets due to the calculated 17 lU/kg of

vitamin E in the previous diet. During the first week of treatment, yolks from all

treatment groups increased in o-tocophero1 content (Figure 3.1). By day 14, yolks

from the higher four treatment groups (500 lU/kg, 1000 lU/kg, 2000 lU/kg, 3000

lU/kg) showed a consistent decrease in a-tocopherol content. The lower levels (15

lU/kg and 250 lU/kg) increased slightly. On day 21, average yolk a-tocopherol

levels from birds on the three higher groups (1000 lU/kg, 2000 lU/kg, 3000 lU/kg)

again increased slightly while the three lower groups (15 lU/kg, 250 lU/kg, 500

lU/kg) decreased slightly. At the conclusion of the experiment, day 28, the 3000

lU/kg, 2000 lU/kg, and 500 lU/kg treatment groups increased and the 1000 lU/kg,

250 lU/kg, and 15 lU/kg groups decreased slightly. Birds in all treatment groups

laid eggs with the highest cL-tocopherol content at day 7 of the experiment.
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FIGURE 3.1 Relationship of a-tocopherol content in the yolk during the
course of the experiment

3.3.2 Vitamin E transfer efficiency to the egg yolk

Transfer efficiency was calculated and the data are presented in Table 3.2.

To calculate the transfer efficiency, the analyzed vitamin E in the feed (IU/g) was

multiplied by the daily average feed consumption (g) for the week preceding the

analysis, to calculate the daily average vitamin E intake (IU). Analyzed vitamin E

in the yolk (IU/g) was multiplied by the average yolk weight (g) to yield the

amount (IU) of vitamin E in the yolk. Daily average vitamin E intake was divided

into the vitamin E in the yolk to generate the transfer efficiency (%) of a-

tocopherol from the diet of the hen to the yolk of the egg.



TABLE 3.2 Calculation of transfer efficiency

Diet
lU/kg)

Analyzed
Vitamin E

in the Feed
IU/g)

Daily Average
Feed

Consumption
(g)

Daily Average
Vitamin E
Intake (IU)

Analyzed
Vitamin E
in the Yolk

(IU/g)

Average
Yolk
Weight (g)

Vitamin E
in the
Yolk (IU)

Vitamin E
Transfer
Efficiency
(%)

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

Day
14

Day
28

15 0.l4 0.l4' 115.24 109.17 16.0 15.8 0,18d 0.17c 16.40 16.81 2.95 2.84 18% 18%

250 oe 044d 113.38 103.26 48.9 45.5 0.44c 0.39c 15.97 16.30 6.98 6.38 14% 14%

500 075d 0.76 118.16 104.79 88.6 79.5 0.66k' 067b 16.43 17.02 10.81 11.37 12% 14%

1000 1.13' 1.10c 121.07 111.60 137.0 122.9 073b 075b 16.75 17.10 12.15 12.87 9% 10%

2000 261b 251b 117.18 100.58 305.7 252.6 1.45a 1.70a 16.20 16.79 23.43 28.61 8% 11%

3000 4.05 a 4.11 a 113.85 107.20 460.9 440.2 1.51 a 1.53 a 16.54 17.43 24.93 26.73 5% 6%

a mean values within a column with no common superscript differ significantly (P <0.05)
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Transfer efficiency was lower than expected (Table 3.2)(Dju etal., 1950,

Bartov ci al., 1965, Noble and Irving, 1966). At dietary levels of 15 lU/kg, transfer

efficiency was calculated at 18% and 14% respectively for the 14 and 28 day

measurements.

3.3.3 Vitamin E in the feed

Vitamin E was calculated in the feed. Each treatment group was analyzed

at significantly different then all others. Analysis of feed after 14 and 28 days of

storage showed no significant decline in vitamin E over time (P < 0.05).

3.3.4 Feed consumption

Average daily feed consumption for the week prior to days 14 and 28 are

shown in Table 3.3. Feed consumption between dietary groups was not

significantly different.
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TABLE 3.3 Daily egg production and body weight of hens fed various levels of
vitamin E in diet

Dietary
Treatment

(lU/kg)

Egg
Production

(%)

Body Weight (kg)

Over28days Day 14 Day28
15 94a 1.64 1.65

250 94a 1.59 1.59
500 95a 1.67 1.65
1000 94a 1.71 1.71
2000 87' 1.63 1.60
3000 91b 1.69 1.68
Avg 93 1.66 1.65

a C - mean values within a column with no common superscript differ
significantly (P <0.05)

3.3.5 Egg production

Percent hen day egg production over the 28 days is shown in Table 3.3.

Egg production ranged from 87% to 95% during the experiment. The average egg

production over the 28 days was 93%. The 2000 and 3000 lU/kg treatment groups

produced significantly fewer (P < 0.05) eggs over the 28 days compared to the

other groups. In each of these two groups there was one aberrant hen that stopped

laying for a few days during the experiment. Therefore, out of the 16 birds per

treatment groups, 15 approached average.
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3.3.6 Body weight

Average body weights are presented in Table 3.2. The a-tocopherol

inclusion levels did not affect the body weights of the hens. There was no

significant difference between body weights over the four weeks of the experiment.

3.3.7 Egg weight

Average egg weights for days 0, 14, and 28 are shown in Table 3.4. Egg

weights significantly increased with the higher dietary vitamin E levels and the 28

days of the experiment, (P <0.05) with overall average egg weights increasing

from 57.98 g to 62.05 g over the course of the experiment.

3.3.8 Yolk weight

Yolk weight data are shown in Table 3.4. Yolk weights increased over the

4 weeks of the experiment (P < 0.05) with average yolk weights increasing from

15.16 g on day 0 to 16.91 grams on day 28. There were significant differences in

yolk weights between dietary treatments (P <0.05).



TABLE 3.4 Egg quality characteristics of hens fed vitamin E

Diets
(lU/kg)

Egg Weight (g) Yolk Weight (g) Shell Weight (g) Albumen Height (mm) Yolk Color
Index

Day
0

Day
14

Day
28

Day
0

Day
14

Day
28

Day
0

Day
14

Day
28

Day
0

Day
14

Day
28

Day
0

Day
14

Day
28

15 55.05 60.43 61.77 1519b 16.40 16.81 7.61 a 6.94 6.77 8.97 7.60c 7.38 8.00 8.71 8.67

250 58.55 62.34 61.53 14.59c 15.97 16.30 6.44d 6.98 6.98 8.20 7.66c 7.45 8.00 8.63 8.75

500 58.01 60.06 61.41 1547ab 16.43 17.02 7.18' 7.16 7.00 7.95 7.05d 7.22 8.00 8.75 8.83

1000 59.95 62.51 63.43 15.84a 16.75 17.10 6.54 6.63 6.91 8.71 7.98bc 8.09 8.14 8.43 8.29

2000 56.67 60.08 60.37 14.53c 16.19 16.79 6.57d 6.64 6.91 8.03 810ab 8.17 8.00 8.40 8.29

3000 59.64 62.25 63.79 15.32" 16.54 17.42 6.85c 6.66 7.07 8.31 8.so 8.23 8.13 8.00 8.00
Avg 57.98 61.29 62.05 15.16 16.38 16.91 6.87 6.84 6.94 8.36 7.82 7.76 8.05 8.49 8.47

a d - mean values within a column with no common superscript differ significantly (P < 0.05)



3.3.9 Shell weight

There were no significant differences in either the shell weights over the

four weeks of the experiment or between diets.

3.3.10 Albumen height

Average albumen heights are presented in Table 3.4. Albumen heights

declined during the 28 days of the experiment from 8.36 mm to 7.76 mm (P <

0.05). There were significant differences on day 14 between the dietary groups (P

<0.05) with the higher vitamin E levels. The lowest albumen height occurred in

the 500 lU/kg treatment group, while the three highest treatment groups showed the

highest albumen heights.

3.3.11 Yolk color

Average yolk colors are shown in Table 3.4. Yolk color increased (P <

0.05) over the experimental period from 8.05 to 8.47. There was a significant

difference between the dietary groups (P <0.05) with yolk color decreasing as

dietary vitamin E levels increased.
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3.3.12 Vitamin E toxicity

3.3.12.1 Gross Necropsy

All four birds were in good body condition with normal hydration and good

plumage during time of necropsy following the experiment. One of the birds had

fracture calluses on the last four ribs on the right side. Another bird had a cystic

right oviduct. All birds had abundant abdominal fat and pale livers. Bone strength

was normal for laying hens. There were no lesions attributed to vitamin E toxicity

noted.

3.3.12.2 Histopathology

All livers had normal architecture and lacked significant hepatocellular

changes, with the exception of one bird with moderate hepatic lipidosis. Three of

the livers showed a few lymphoid aggregates scattered through the parenchyma. A

single focus of telangiectasis was also visible in one liver. Kidneys showed normal

architecture and no significant cytopathology. There was no convincing evidence

of renal or hepatic compromise attributed to vitamin E in the samples.
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3.3.12.3 Diagnosis

No significant microscopic abnormalities.

3.4 DISCUSSION

The data pertaining to increased a-tocopherol levels in the diet of laying

hens serve to emphasize that an increase in dietary vitamin E will increase the level

of a-tocopherol in egg yolk. As ct-tocopherol levels in the feed increased, transfer

efficiency levels decreased. In our previous report (R. Joimson et al. submitted),

we demonstrated similar results. Hens were fed increasing levels of a-tocopherol-

supplemented feed similar to the dosage levels of this experiment. Like this study,

transfer efficiency decreased as the a-tocopherol level in the feed increased.

The hens fed diets with higher cx-tocopherol supplementation levels

produced eggs with high levels of a-tocopherol. The average egg yolk produced

by the 2000 lU/kg groups contained 23.43 IU on day 14 and 28.61 IU on day 28.

On day 14, egg yolks produced by the 3000 lU/kg groups contained 24.93 IU, and

26.73 IU on day 28 (Table 3.2).

Transfer efficiency was calculated for two of the four weeks of the

experiment. The averages obtained correspond to those of previous studies (Noble

and Irving, 1966, Dju etal., 1950, Bartov etal., 1965). Noble and Irving (1966)
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reported transfer efficiency of 39% when they fed laying hens 22.2 mg of vitamin

E. Dju et al. (1950) fed laying hens 30 mg of vitamin E and obtained transfer

efficiency of 19%. In 1965, Bartov et al. reported transfer efficiency of 16% after

feeding laying hens 12.6 mg of vitamin E.

At deficiency levels, higher incorporation efficiency is achieved. This may

be a preservation adaptation. A dose-dependant (perhaps saturatable) uptake

mechanism may also be at play in the absorption and deposition of vitamin E.

This may be the cause for lower levels of transfer efficiency occurring at the higher

treatment levels.

Aipha-tocopherol levels in the yolk peaked at day 7 of the experiment, since

high levels were available the percent needed was lower. The highest four

supplementation levels decreased at day 14 and the lowest two levels increased.

After day 14, all of the treatment levels virtually plateaued. This indicates that the

hens were using the excess vitamin E for other functions or simply excreting it.

The relationship between vitamin E intake (lU/day) and transfer efficiency

(%) for the 28-day experiment is shown in Figure 3.2. As vitamin E intake

increased, transfer efficiency decreased. This could be due to the hens excreting

the extra vitamin E into the feces.
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FIGURE 3.2 Relationship between vitamin E intake and transfer efficiency

Figure 3.3 shows the relationship between vitamin E intake (lU/day) and

yolk vitamin E (IU/g) over the 4-week period. The vitamin E intake and yolk

vitamin E content increased in a linear manner. Jiang et al. (1994) and Qui and

Sim (1998) reported similar results to the present study.

To eliminate the suspected problem from our previous study of oxidation of

vitamin E in the feed, the supplemented feed was kept refrigerated for the duration

of the experiment. However, a decline in yolk vitamin E still occurred at day 14.

The refrigerated feed was analyzed and vitamin E did not significantly degrade

during the experiment. These data clearly indicate that hens were eating the same

amount of vitamin E per day but not depositing it into the yolk. Therefore, the
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decline in yolk vitamin E after a period of time on the feed is not related to

degradation of the vitamin E in the feed.

Data presented here demonstrates that levels of vitamin E in the diet can be

increased dramatically without significantly affecting laying hen production. Egg

production levels varied between dietary treatments but were consistent with

production statistics of 36-week-old laying hens and were not significantly

different between treatments.

Body weights of the hens showed no difference between diets. Average

body weights ranged from 1.59 to 1.71 kg. These averages correspond to the target

body weights (1.7 kg) of the DeKalb Pullet & Layer Management Guidebook

(1995). No significant differences were seen in body weights over the duration of

the experiment.



Egg weights significantly increased by more than 4 g over the four weeks of

the study from 58 g to 62 g, which is within the limits for egg weights from 36

weeks old hens (DeKaIb, 1995). The increase noted here was expected (DeKaib,

1995). Egg weights significantly (P < 0.05) increased as the vitamin E level in the

feed increased. This may be beneficial to the egg producer; larger eggs are more

desirable to industry than smaller eggs.

Yolk weight increased significantly during the course of the experiment (P

<0.05). The average yolk weight at the beginning of the experiment was 15.16 g

and in four weeks increased to 17.43 g (Table 3.4). Significant differences were

also noticed in yolk weight between dietary treatments (P < 0.05). Generally,

higher inclusion levels of vitamin E produced heavier yolks. One exception being

the 2000 lU/kg treatment group that produced yolks lighter than the 500 and 1000

lU/kg groups. These changes are probably the result of the overall larger eggs.

Albumen height decreased significantly over the four-week period (P <

0.05). The average albumen height decreased by 0.6 mm (Table 3.4). In addition,

a significant difference in albumen height was recorded between dietary groups (P

<0.05), with the highest average albumen heights in eggs produced by hens fed the

1000, 2000, and 3000 lU/kg treatments (8.35mm, 7.98mm, and 8.24mm,

respectively). The 500 lU/kg treatment group produced the lowest average

albumen height (7.5 mm).

The Standard Roche Yolk Color Fan was used to determine yolk color.

Yolk color increased significantly over the duration of the experiment (P < 0.05),
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which was expected due to the addition of 10% flaxseed to the diet. Flaxseed

contains high levels of xanthophyll, which makes darker yolks. The increase over

the weeks of the experiment indicates that the darker color takes a couple of weeks

to significantly darken the yolk when fed at the 10% level in the diet as in the

present project. Yolk color decreased significantly with the increase in vitamin E

inclusion (P < 0.05). This decrease in yolk color is puzzling. It may be that the

vitamin E in the hen's body neutralizes the effect of the xanthophyll, changing the

deposition pattern. This will need to be investigated further for a fuller

understanding.

One of the most sensitive toxicity assays in layers is egg production. In this

experiment 1 or 2 hens was aberrant. Of the ninety-six hens in the experiment,

including the 3000 lU/kg group, only two hens showed any significant change in

egg production, which is discussed above. The eggs produced by these hens were

similar to the eggs produced by the other hens in every way measured. We did not

attribute these hens to the high levels of vitamin E.

The concern about the toxic effect of vitamin E when fed in very high does

was alleviated by the normal nature of the necropsy and histopathology of the liver

and kidney tissues following the experiment. While a few problems were noted by

the pathologist, none were consistent with a toxic response to high vitamin E levels.

Overall, we found that the vitamin E level in the eggs can be significantly

increased by the inclusion of high dietary levels of ct-tocopherol in the diet of the

hens. No negative effects were found on the birds' health or production
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characteristics that resulted from the high levels of vitamin E in the diet. Further

work to minimize possible intake variations over time may help to understand more

fully the transfer efficiency of vitamin E into eggs.
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CHAPTER 4. CONCLUSION

Designer eggs are one of the egg industry's solutions to the problem of

decreased egg consumption over the past few decades. Numerous studies have

been reported on the relationship between supplements in the hen's diet and in

eggs. Data suggest that certain nutrients can be easily enriched in the egg simply

by increasing the levels in the hen's diet. Vitamin and fatty acid levels can be

modified by appropriate diet modifications.

Based on the results of the two experiments conducted, it is apparent that

vitamin E can be transferred from the diet of a hen to the egg yolk. Under the

parameters used, feeding high levels of vitamin E in the diet of laying hens

produced no problems in hen performance.

Previous results on the transfer efficiency of vitamin E agree with that of

the current research. Bartov etal. fed 12.6 jig a-tocopherol/g (13.86 lU/kg) of feed

and produced eggs with 0.2024 lU/yolk. This level is similar to the lower

treatment groups in our experiments. Noble and Irving (1966) obtained a 39%

transfer efficiency when feeding 22.2 mg a-tocopherol which is high compared to

our data for such low levels in the diet. The trend seen here is that as the dietary

vitamin E increases, transfer efficiency decreases.

The values obtained in the second experiment are more accurate than those

obtained in the first experiment. This is due to the fact that there were minor
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problems during the experiment: water line breakage, feed spillage, feed sampling

errors and yolk sampling errors.

During the first experiment, there was a problem with the water being shut

off due to a break in the water line. This could have had an effect on the amount of

feed the birds were eating and thus on the transfer efficiency. Being that transfer

efficiency is calculated using feed consumption, this could be the reason that

transfer efficiency was so high.

Feed spillage was also a problem during the first experiment and, again,

because transfer efficiency is based on feed consumption, could have altered the

transfer efficiencies obtained. This problem was corrected during the last two

weeks of the experiment.

The feed was only sampled and tested once in the first experiment. The

values obtained from this sampled feed could have been incorrect due to sampling

error. Therefore, it is hard to say whether the feed vitamin E values are correct

Aipha-tocopherol content in the yolk was measured by adding one ml to 3

ml of water in experiment 1. However, it experiment 2, yolk was measured by

adding I g to 3 g of water. Due to the fact that yolk is a viscous substance, the

procedure used in experiment 2 is thought to be more accurate. This could have

had some affect on c-tocopherol in the yolk calculations. Due to these errors that

occurred in experiment 1, the researchers believe that all the values obtained in the

second experiment are more accurate.
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Toxic effects were not observed at the highest levels of vitamin E ever

reported fed to laying hens. There were no significant effects on egg quality or egg

production parameters. Toxic levels of vitamin E in laying hens needs to be further

researched.

To be certain that feeding high levels of vitamin E to laying hens is

completely beneficial, longer trials of feeding high levels of vitamin E must be

conducted. In the two forementioned experiments, supplementation only lasted 28

days. Longer trials of several months to years should be considered. There needs

to be special attention given to bone strength and egg shell quality, due to the fact

that vitamin E and vitamin D (facilitates the absorption calcium), both being fat-

soluble vitamins, compete with the same receptor sites in vivo.

Due to this competition between vitamin E and D, one would wonder the

effect on calcium deposition into bones and eggs. Research examining the effect of

high levels of vitamin E on calcium absorption in laying hens needs to be

conducted. Would high levels of vitamin E cause a decrease in calcium absorption

and cause the hens to be more prone to cage layer fatigue or thin shells?

Another avenue to be researched is competition of fat-soluble vitamins in

eggs. Would the increased in one vitamin in the egg cause a decrease in deposition

of another into the egg?

Another area that needs to be further researched is the amount of vitamin E

absorption in humans from the enriched chicken egg. Studies could compare the
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vitamin E plasma levels of individuals who consume the enriched eggs with

individuals who consume non-enriched eggs.
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