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Part 7

Liu Fang
General Description and Common Characters of Vitamins
· Vitamins are organic compounds of low molecule weight. 

· They are necessary for keeping natural physiological function, especially for intracellular specific metabolism.

· They can’t be synthesized in the body.

· They are not the material of the tissue.

· They exist in natural food in different form.

· They can’t supply energy.

· Vitamins are needed in just minute amounts and often do not undergo any digestive process- they are simply absorbed “as is” in the intestine.

· Many vitamins function as coenzyme and are necessary adjuncts to enzymes in catalyzing specific metabolic processes in the body

· Vitamins are consumed in their functions and must be obtained regularly from dietary sources, since they are not produced in any appreciable amount in the body.

Solubility:  determines classification 

· ·   Water soluble (hydrophilic): B vitamins and vitamin C 
· o      found in watery compartments of food 

· o      moves directly into the blood after being absorbed 

· o      can travel freely in the blood 

· o   freely circulate in watery compartments of the body's cells 

· o      regulated and excreted when in excess by the liver easily – are less likely to have toxic effects when ingested in large amounts.

Fat soluble (hydrophobic)
· Vitamins A, D, E, and K 

· o      found in fats and oils of food 
· O    need fat for their absorption

· o      carried through the lymph to the blood 

· o      many times require proteins for transport in the blood 

· o      trapped in cells associated with fat 

· o      less readily excreted - tend to stay in fat storage sites –can build up to toxic levels with serious and potentially fatal results.

Bioavailability 
· This refers to the degree that any vitamin is utilised by our bodies and depends upon:

· i. the concentration of the vitamin at the time of consumption. Water-soluble vitamins will often leach out of the food if it is boiled in water.

· ii. the actual form of the molecule present, since some forms are more easily converted than others into the active form.

· iii. the composition of the diet. This influence viscosity and pH and will have an effect on the absorption of the nutrient by our bodies.

· Any particular food source will have inherent variations in vitamin content, which in animals is controlled by a biological control mechanism and the diet of the animal. In fruits and vegetables, the concentration of nutrients will vary with maturity and is determined by the rate of synthesis versus degradation.

· Post harvest changes (including the slaughter of an animal) will often result in enzymes that change the vitamin content of the food. Oxidative enzymes will reduce the concentration of many vitamins and any labile vitamins will be lost with storage.

· Many foods have nutrients additionally added to them (fortification) which has lead to eradication of most vitamin deficiency diseases. This has been common in cereal based products of which most of the vitamin content is lost once the initial seed coat of the bran has been removed by milling.

一、VITAMIN A 

· INTRODUCTION

· FUNCTION 

· DEFICIENCY 
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DISEASE PREVENTION 

· DISEASE TREATMENT                 
· SOURCES 

· SAFETY
Structure of Vitamin A

1. INTRODUCTION
Vitamin A is a generic term for a large number of related compounds. Retinol (视黄醇) and retinal (视黄醛) are often referred to as preformed vitamin A . Retinal can be converted by the body to retinoic acid (视黄酸), the form of vitamin A known to affect gene transcription. Retinol, retinal, retinoic acid, and related compounds are known as retinoids （类维生素A）. 

Beta-carotene （胡萝卜素） and other carotenoids （类胡萝卜素） that can be converted by the body into retinol are referred to as provitamin A- carotenoids. Hundreds of different carotenoids are synthesized by plants, but only about 10 % of them are provitamin A carotenoids . 

1) Lycopene

· Lycopene, found in tomatoes appears to reduce the risk for breast, prostate and pancreas cancer. However, further exploration and evaluation of the biological function of lycopene alone or in combination with other chemical compounds present in foods is required before claims can be made 
2) Lutein (叶黄素)
A study at the Health Research Center in Salt Lake City, Utah, looked at 1,993 subjects ages 30 to 79 years who had been diagnosed with colon cancer, and a control group of 2,410 people who did not have cancer. An inverse relationship between lutein intake and colon cancer was found for all subjects, meaning those who ate lutein-containing foods had a lower risk of colon cancer. Lutein is found in spinach, broccoli, lettuce, tomatoes, carrots, oranges and orange juice, celery, greens and eggs. 

3) Beta-carotene

· Many epidemiological studies have found that people who have higher serum beta-carotene levels have a lower risk of cancer, particularly lung cancer. However, as noter above, two human intervention studies that used high-dose beta-carotene supplements reported an increased risk for lung cancer among smokers. 

· Beta carotene is found in carrots and other orange and dark-green fruits and vegetables.

· Warning: Beta-carotene supplements can increase cancer risk.
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2. FUNCTION 
· Vision 

· Regulation of gene expression 

· Immunity 

· Growth and Development 

· Red blood cell production 

1) Vision

The retina is located at the back of the eye. When light passes through the lens, it is sensed by the retina and converted to a nerve impulse for interpretation by the brain. 

2) Regulation of gene expression 
Retinoic acid (RA) and its isomers act as hormones to affect gene expression and thereby influence numerous physiological processes

3) Immunity
Vitamin A is commonly known as the anti-infective vitamin, because it is required for normal functioning of the immune system . The skin and mucosal cells function as a barrier and form the body's first line of defense against infection. Retinol and its metabolites are required to maintain the integrity and function of these cells . 

4) Growth and Development
Both vitamin A excess and deficiency are known to cause birth defects. Retinol and retinoic acid (RA) are essential for embryonic development . During fetal development, RA functions in limb development and formation of the heart, eyes, and ears . Additionally, RA has been found to regulate expression of the gene for growth hormone 

5) Red blood cell production 
Red blood cells, like all blood cells, are derived from precursor cells called stem cells. These stem 
cells are dependent on retinoids for normal differentiation into red blood cells. Additionally, vitamin A appears to facilitate the mobilization of iron from storage sites to the developing red blood cell for incorporation into hemoglobin, the oxygen carrier in red blood cells .

3. DEFICIENCY
· Vitamin A deficiency and vision

·  Vitamin A deficiency and infectious disease 

· The Recommended Dietary Allowance (RDA) 

1) Vitamin A deficiency and vision
Vitamin A deficiency among children in developing nations is the leading preventable cause of blindness .

    The earliest evidence of vitamin A deficiency is impaired dark adaptation or night blindness. 

Mild vitamin A deficiency may result in changes in the conjunctiva (结膜) (corner of the eye) called Bitot's spots. 

Severe or prolonged vitamin A deficiency causes a condition called xeropthalmia (dry eye), characterized by changes in the cells of the cornea (clear covering of the eye) that ultimately result in corneal ulcers, scarring, and blindness . 

2) Vitamin A deficiency and infectious disease
    Vitamin A deficiency can be considered as a nutritionally acquired immunodeficiency disease. Even children who are only mildly deficient in vitamin A have a higher incidence of respiratory disease and diarrhea, as well as a higher rate of mortality from infectious disease, than children who consume sufficient vitamin A . Supplementation of vitamin A has been found to decrease the severity of and deaths from diarrhea and measles in developing countries, where vitamin A deficiency is common .

3) RDA
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The benefits of vitamin E:

protects cell membranes and tissues
from damage by oxidation

-aids in the formation of red blood
cells and the use of vitamin K.

promotes function of a healthy
circulatory system
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4. DISEASE PREVENTION
Cancer 

· Lung cancer

· Breast cancer
Cancer 
Studies in cell culture and animal models have documented the capacity for natural and synthetic retinoids to reduce carcinogenesis significantly in skin, breast, liver, colon, prostate, and other sites . However, the results of human studies examining the relationship between the consumption of preformed vitamin A and cancer are less clear.

DISEASE TREATMENT
Pharmacologic doses  of retinoids 

· Retinitis pigmentosa (色素性视网膜炎)

· Acute promyelotic leukemia (白血病)

· Diseases of the skin 

Pharmacologic doses of retinoids
It is important to note that treatment with high doses of natural or synthetic retinoids overrides (超越) the body's own control mechanisms, and therefore carries with it risks of side effects and toxicity. Additionally, all of these compounds have been found to cause birth defects. Women who have a chance of becoming pregnant should avoid treatment with these medications. 

Retinitis pigmentosa 
Retinitis pigmentosa describes a broad spectrum of genetic disorders that result in the progressive loss of photoreceptor cells (rods and cones) in the eye‘s retina. Early symptoms of retinitis pigmentosa include impaired dark adaptation and night blindness, followed by the progressive loss of peripheral（外围的）and central vision over time. 

Acute promyelotic leukemia
· Normal differentiation of myeloid（骨髓的）stem cells in the bone marrow gives rise to platelets血小板, red blood cells, and white blood cells, which are important for the immune response. Altered differentiation of those stem cells results in the proliferation of immature leukemic cells, giving rise to leukemia. 

Diseases of the skin
Both natural and synthetic retinoids have been used as pharmacologic agents to treat disorders of the skin. Etretinate and acitretin are retinoids that have been useful in the treatment of psoriasis牛皮癣, while tretinoin (Retin-A) and isotretinoin (Accutane) have been used successfully to treat severe acne（粉刺）. Retinoids most likely affect the transcription of skin growth factors and their receptors .

5. SOURCES
· Everyday your body needs about 500-600 mg of vitamin A.

· Sources of vitamin A can be divided in two groups, vegetable and animal foods. In animal foods the vitamin A is present in a form called retinol, which is the active form of vitamin A, and in vegetables it is present as provitamin A. You have to eat six times as much provitamin A to get the same amount of vitamin A as in retinol. 

· It is easier for the body to take up vitamin A if the food is cooked and eaten together with some fat or oil. 

Animal food sources 
· Liver. 

· Fish liver oil. 

· Egg yolk. 

· Milk and milk products for example cheese. 

· Food with milk fat for examples margarine and butter. 

· Breast milk. 

· Small fish, with liver for example sardines .

Vegetable food sources 
· Dark green leaves for example spinach, cassava （木薯） and mustard. 

· Yellow and orange vegetables for example carrot, coloured yams, yellow squash (南瓜) and sweet potatoes. 

· Yellow and orange fruits for example papaya番木瓜果, apricots杏and mangoes (but not citrus fruits). 

· Red palm oil. 
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SAFETY
· Toxicity 

· Safety in pregnancy 

· Drug Interactions 

Toxicity 
The condition caused by vitamin A toxicity is called hypervitaminosis A. It is caused by overconsumption of preformed vitamin A, not carotenoids. Preformed vitamin A is rapidly absorbed and slowly cleared from the body, so toxicity may result acutely from high-dose exposure over a short period of time, or chronically from much lower intake
Toxicity 
· Daily doses exceeding 6,000 IU can produce growth retardation and urinary-tract malformations of fetus胎儿. Don't take megadoses (维生素等的)大剂量 . 

·  A large body of observational epidemiologic studies has consistently demonstrated that individuals who eat more fruits and vegetables, which are rich in carotenoids, and people who have higher serum beta-carotene levels have a lower risk of cancer, particularly lung cancer. In contrast to these observations, two studies that used beta-carotene supplements reported an increased risk for lung cancer among smokers. The conclusion was that foods rich in beta-carotene are protective but beta-carotene supplements are risky. 

· Vitamin A can be stored in the body. Continued high doses, therefore, can result in toxicity. Signs of toxicity include itchy使人发痒的 skin, headaches, nausea, and diarrhea. During pregnancy, vitamin A toxicity may also cause birth defects. In addition, excessive amounts of carotene, although not toxic, will cause the skin to turn orange. 
Excess carotene is deposited in the skin. 

Tolerable Upper Level of Intake (UL) for Preformed Vitamin A (Retinol)
	Age Group 
	[image: image22.wmf] 

UL in mcg/day (IU/day)

	Infants 0-12 months 
	600 (2,000 IU) 

	Children 1-3 years 
	600 (2,000 IU) 

	Children 4-8 years 
	900 (3,000 IU) 

	Children 9-13 years 
	1,700 (5,667 IU) 

	Adolescents 14-18 years 
	2,800 (9,333 IU) 

	Adults 19 years and older 
	3,000 (10,000 IU)


Safety in pregnancy
Although normal fetal development requires sufficient vitamin A intake, consumption of excess preformed vitamin A (retinol) during pregnancy is known to cause birth defects. No increase in the risk of vitamin A-associated birth defects has been observed at doses of preformed vitamin A from supplements below 3,000 mcg/day (10,000 IU/day) . 

Drug Interactions 
· Chronic alcohol consumption results in depletion of liver stores of vitamin A, and may contribute to alcohol-induced liver damage. However, the liver toxicity of preformed vitamin A (retinol) is enhanced by chronic alcohol consumption, thus narrowing the therapeutic window for vitamin A supplementation in alcoholics . 

二、Vitamin D
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Introduction
· Rickets  was a common disease afflicting children in the eighteenth century.

· Scientists explored the relationship between nutrition and irradiation  of foods and found that irradiated foods contained the nutrient that seemed to fight rickets

·  Research continued to determine how vitamin D worked in the body and scientists were able to determine the process by which vitamin D regulates the amount of calcium in the body .

· Through extensive research, scientists isolated 3 forms of vitamin D, which made it possible to synthesize the vitamin in large quantities .

· Further investigations have shown that vitamin D plays many roles beyond maintaining the body’s calcium levels. It is essential in maintaining health and preventing disease not just during the crucial growing years of childhood but throughout life. 

· VD occurs naturally in only a few foods and that is also manufactured in the skin when a precursor interacts with the short ultraviolet rays of the sun.

Status
A "vitamin" by definition is a substance regularly required by the body in small amounts but which the body cannot make and is, therefore, required to be supplied in the daily diet. Technically the molecular species classified as vitamin D is not really a vitamin because it can be produced by exposure of the skin to sunlight .

Composition
· There are two chemical forms of vitamin D, namely vitamin D2 and vitamin D3.

· The natural form of vitamin D for animals and man is vitamin D3 that is produced in their bodies from cholesterol and 7-dehydrocholesterol.

· An alternative vitamin D2 is derived from the yeast sterol ergosterol (麦角固醇) by 
chemical procedures. 

· The  molecular structure of vitamin D is closely allied to that of the classical steroid hormones.

The elements of the vitamin D endocrine system 
  include the following
· In the skin, photoconversion of 7-dehydrocholesterol to vitamin D3 

· for dietary intake of vitamin D3. With the help of bile, VD3 will form colloid in the small intestine and be absorbed into blood. Then it combines with α- globulin and be transmitted to liver.

· In the liver, the enzyme catalyze VD3 into 25-OH-D3, which is the major form of vitamin D circulating in the blood compartment. and then it be transmitted to kidney. 

· Conversion by the kidney of 25(OH)D3    [functioning as an endocrine gland] to produce the two principal dihydroxylated metabolites, namely     1a,25(OH)2D3  and 24R,25(OH)2D3.
· Furthermore, vitamin-D-binding protein (DBP) take VD to all kinds of apparatus. Then VD become functional.

·  Systemic transport of the dihydroxylated metabolites 1a,25(OH)2D3 and 24R,25(OH)2D3 to distal target organs.

·  Binding of the dihydroxylated metabolites, particularly 1a,25(OH)2D3, to a nuclear receptor at the target organs followed by the subsequent generation of appropriate biological responses.

· VD mainly stored in fat tissues. Decomposed in liver. Excretion way is from gall.

	Biological activity of different molecule weight

	medicament
	molecule formula
	molecule weight
	antirachitis activity

(%)

	VD2
	C26H44O
	396.66
	100

	VD3
	C27H44O
	384.65
	100

	VD4
	C28H46O
	398.68
	75

	VD5
	C29H48O
	412.71
	<2

	VD6
	C29H46O
	410.69
	<1

	VD7
	C28H46O
	398.68
	10


Physiological Action
· Promote calcium be absorbed in small intestine.

· . Accelerate calcium and phosphor’ absorb in kidney

· Boost the absorb of calcium and phosphor in bone, strong the teeth.

· Adjust the transcription.

· Keep the balance of calcemia.

· Prevent the loss of amino acid in kidney

Promote calcium be absorbed 
in small intestine.
· 1α,25-(OH)-D3 induce the synthesize of calcium binding protein. It’s the carrier of calcium.

· This protein can make calcium easily enter small intestine.

· The calcium is transported to blood circle

Accelerate calcium and phosphor’ 
absorb in kidney
· 25-(OH)2D3 has direct effect on kidney. it enlarge 

    the absorb of calcium and phosphor

· Reduce the probability of rachitis

· Boost calcify of bones tissues

Adjust the gene transcription.
· The regulation of gene transcription by 1a,25(OH)2D3 is known to be mediated by interaction of this ligand with a nuclear receptor protein, termed the VDR. 

· The tissue distribution of the VDR is known to occur in over 30 different cell types. 

· In addition ,1a,25(OH)2D3 and the VDR are known to regulate the independent transcription of numerous proteins. 

Keep the balance of calcemia. 钙血(症)
· There is vitamin D internal secretion system in our body.

· 1α,25-(OH)-D3 is the main adjust gene，it can adjust the calcemia level.

· Regulating blood calcium levels is important. When there is too little calcium in the blood, soft-tissue cells--especially nerves and muscle--shut down, sending the body into convulsions;

· when there is too much calcium in the blood, organs calcify  and eventually cease to work. 

· For human patients who had lost their parathyroid glands or their kidneys and could no longer regulate the level of calcium in their blood.

· the newly synthesized vitamin D hormone, when given with plenty of calcium, had a dramatic effect, curing them of convulsions and chronic bone disease.

The new function of VD
· VD may update immunity, have active effect on the treatment of immunity illness.

· Some experiment on mice has showed that VD will induce some cells that lead to diabetes to death.

· VD Induce the cell differentiation, and can be used to cure tumour.

· VD Will reduce the sensitivity to multiple scleross, which is a kind of self immunity disease.

· May  inhibit the generation of gene that would lead to arthritis

VD as hormone
· vitamin D hormone  in the nucleus of cells that were not part of the classical calcium maintenance system including the brain, lymphocytes (infection fighting white blood cells), skin, and malignant tissues. 

· adding the hormone to immature malignant leukemia cells caused the cells to differentiate, mature, and stop growing. 

However, the amount of vitamin D hormone needed to stop the runaway growth of tumors and cancers has so far proved too toxic for human use, 

· vitamin D hormone also seemed to play a part in modulating the immune system. 

· In 1993, S. Yang and other researchers in DeLuca's laboratory found that rats given a large dose of vitamin D hormone were protected from the inflammation normally associated with wounds and chemical irritants. 

· More developed is vitamin D hormone's effect on psoriasis.

· a Japanese research team demonstrated that 1,25-dihydroxyvitamin D3 can inhibit skin cell growth. 

Clinical Practice
· Antitumour function.

· Therapy of psoriasis.

· Treatment of rachitis.

· Curing of immunity deficiency for children.

· Treatment of hypertension.

· Treatment of tuberculosis

Relation between VD and calcium
Calciferol as hormone will improve plasma, calcium and phosphor level.

Also VD will change the permeation of mucous membrane.

After absorb, VD is not active. in liver it will turn into calciferol.

Accelerate calcium salt depositing  on bone.
· vitamin D can actually remove calcium from bones when it is needed by the body. 

· 1,25-dihydroxyvitamin D3, the active form of vitamin D, was reclassified as a hormone  that controlled calcium metabolism. 
· A hormone is a chemical substance produced by one organ and then transported in the bloodstream to a target organ, where it causes a specific biological action. 

· 1,25-dihydroxyvitamin D3 is produced by the kidneys and that its secretion by the kidneys is followed by its build up in cell nuclei of the intestine, where it regulates calcium metabolism.

· as the level of calcium in the diet rises, the amount of active vitamin D hormone in the body falls 

· a hormone produced by the parathyroid gland is critical to maintaining adequate levels of vitamin D hormone in the blood. 

· When calcium is needed, the parathyroid gland sends the parathyroid hormone to the kidneys to trigger production of vitamin D hormone. 

· When calcium intake is too small to support normal functions, both vitamin D and the parathyroid hormone trigger a process in which stored calcium is mobilized from the bones.
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Boy suffering from rickets 
eficiency of VD
· Deficiency of VD will reduce the absorb of calcium and phosphor.

· Shortage of VD may increase the probability of rickets to baby.

· For adult, less will lead to osteomalacia骨软化
    and osteoporosis.骨质疏松症
· .Furthermore, lack of will produce extremity convulsion
Cause of VD deficiency
· Short of sun.

· Deficiency of outdoor activity.

· Lack of VD in dietary.

· Some babies grow too quick.

· The illness in stomach, intestines, courage will affect  the incorporation and utilization of calcium and VD.

· Some medicines have negative effect on VD absorb

rickets of vitamin D deficiency 
· A common illness happens to baby between 3 month and 2 year’ old.

· It mainly caused by  vitamin D deficiency 

· It may cause pathological changes in growing bone.

· Muscle may became flab, also the nerve will less excited.

· Worse more, it may cause digest and  caidiopulmonary illness.

Excess of VD
· Too much VD will cause toxicosis

· Large dose VD may lead to ill reaction. Including anorexia, fatigue, spew, even insanity.

· It can also cause impair to sight.

· Too much VD is harmful for kidney.

· It will destroy vein.

· Others include anemia, weight loosing, etc

The cause of toxicosis
· Inject too much VD, especially after have taken orally

· Long time of VD taking, because of the ignorance of the toxicosis of VD

· Too much lead to calcium’ decompensate.

The treatment of toxicosis of VD
· Stop the take of VD and calcium.

· Avoid the sun

· Have low calcium dietary.

· If worse, you must see doctor

Daily recommendation 
	Sort
	age
	VD(mg)

	Baby
	0-1
	10

	Child
	1-10
	10

	Adult
	 
	10

	Pregnant woman
	 
	10

	nannie
	 
	10


Resources
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VD production 
· When ultraviolet radiation have effect on ergosterol, we will get rough VD2

· By chemical methods, we can synthesize VD.
The first method
· Ergosterol is coming from high epiphyte fruit body.

· It can be made from fat.

· By proper incubation and intense aeration and add some phosphor to low nitrogen contenting substrate.

· plasmolysis,and breaching cytoplasmic membrane. 

· Then distill the fat.

The second method
· Using cholesterin or acetate to product .

· By brominzed reaction, and catalysis by base to conform double bond.

· By soap treatment and photochemical reaction, we’ll get pro- VD.

· Rearrangement of pro- VD, it is VD3 .

Conclusion 
· As we enter the twenty-first century, we recognize that the basic scientific research done in the previous two centuries has not only untangled the workings of the elusive vitamin D hormone, but also and has given us ways to protect the health of both adults and children. 

Researchers are pursuing many new applications for vitamin D, but its role in building and maintaining bone continues to be an important health issue, especially among middle-aged and older adults
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三、Vitamin   E
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The background
•Vitamin E was discovered in 1922 when Evans HM et al. described a "substance X" that was essential to maintain rat fertility. 
•Pure -tocopherol was isolated from wheat-germ oil in 1936 (Evans HM et al., J Biol Chem 1936 ), the structure was given in 1938 (Fernholz E, J Am Chem Soc 1938 ), and its first synthesis (all-racemic外旋的form) was realized at the same year (Karrer P et al., Helv Chim Acta 1938,). 

• Tocotrienols (三稀VE) were prepared for the first time in 1963 (Schudel P et al., Helv Chim Acta 1963 ) and synthesized in 1976 (Scott JW et al., Helv Chim Acta 1976). 
What is it 
Tocopherols are oily yellow liquids, water insoluble, heat and acid stable, that deteriorate with exposure to alkali, light, oxygen, and on contact with iron and lead

•The structure is that of the tocopherols. These are methylated derivatives of tocol. There are eight different forms. Of these, four  occur naturally in foods :
o    alpha - tocopherol, C29H50 O2 is 5,7,8,-trimethyltocol - strongest vitamin E activity. 

obeta - tocopherol C28H48 O2 is 5,8,-trimethyltocol 

ogamma - tocopherol C28H48 O2 is 7,8,-trimethyltocol 

odelta - tocopherol C27H46 O2 is 8,-trimethyltocol 

The structure
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Each form has its own biological activity. Alpha-tocopherol is the most active form of vitamin E in humans, and is a powerful biological antioxidant. 
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The active sequence is alpha – tocopherol, beta - tocopherol, gamma -tocopherol, delta – tocopherol.
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What foods provide vitamin E
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Vegetable oils, nuts, and green leafy vegetables are the main dietary sources of vitamin E. Fortified cereals are also an important source of vitamin E in the United States. The table of selected food sources of vitamin E suggests foods that contain vitamin E.
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In 1990, 62.5 percent of the vitamin E in the diets of Americans came from fats and oils, and 12.4 percent came from meats, poultry, fish, legumes, nuts, and soy. 
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What is the Recommended Dietary Allowance for vitamin E for adults?
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The Recommended Dietary Allowance (RDA) is the average daily dietary intake level that is sufficient to meet the nutrient requirements of nearly all (97-98%) healthy individuals in each life-stage and gender group (5). The 2000 RDAs for vitamin E (5) for adults, in milligrams (mg) and International Units (IUs) are: 
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RDA
The RDA for vitamin E is based on the alpha-tocopherol form because it is the most active, or usable, form (5, 6). Unlike other vitamins, the form of alpha-tocopherol made in the laboratory and found in supplements is not identical to the natural form, and is not quite as active as the natural form. 
a 2000 Institute of Medicine (IOM) report on vitamin E states that intake estimates of vitamin E may be low because energy and fat intake is often underreported in national surveys and because the kind and amount of fat added during cooking is often not known. The IOM states that most North American adults get enough vitamin E from their normal diets to meet current recommendations. 
The distribution in body
Storage of vitamin E is limited. vitamin E is briefly stored in the liver but only at small quantities. Adipose tissue and the adrenal glands (肾上腺) do store vitamin E as well. The adipose tissue slowly accumulates vitamin E and then in time slowly releases it as well. 
Metabolism
• Vitamin E requires the presence of bile for absorption.
• At normal levels of intake only 20-30% of dietary vitamin E is absorbed. This percentage decreases with increased dosage.
Vitamin E is stored in high amounts in the pituitary gland (脑下垂体) and the adrenals.
• There is no correlation between serum levels and Vitamin E stores. A serum peroxide value can give an indirect status.
Metabolism
[image: image11.png]


Previously, numerous health authorities have recommended use of Vitamin E supplements, made in their natural form from soybeans, because of the difficulty of receiving sufficient VE intake from dietary sources.
The benefit of vitamin E
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Anti-Oxidant: 
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Vitamin E protects cell membranes, especially in the lungs and red blood cells. It particularly protects fatty acids against oxidative damage caused by various pollutants, peroxides, and free radicals formed during metabolic processes. It aids in the prevention of lipofuscin脂褐质, an oxidized fat that has been implicated in the aging process. 
Evidence has been presented that supplemental vitamin E along with vitamin C may greatly inhibit the formation of mutagens in the feces, thus preventing the formation of polyps息肉and cancer. Vitamin E may protect the liver and the rest of the body against environmental pollutants such as ozone and other constituents of smog. People receiving chemotherapy or radiation can also be protected with additional vitamin E supplementation.

Vitamin E works synergistically with other antioxidant nutrients including selenium, vitamin C, B-carotene and others to quench free radicals, peroxides and other potentially harmful substances. Vitamin E can spare other antioxidants and vice versa反之亦然. Red blood cells are particularly susceptible to oxidative damage because of their high oxygen tension. Sickle cell镰状细胞anemia has been successfully treated with vitamin E. 

Other antioxidant functions
Nerve and muscle function: 

vitamin E is vital for the protecting of nerve and muscle cell function. In children who had a lack of bile (cholestasis胆汁郁积) to absorb fats and vitamin E it was found that vitamin E was able to protect against damage to Schwann施沃恩cells, dorsal root ganglia 后根神经and muscle cells. In adults who are deficient in vitamin E it will result in peripheral nerve末稍神经degeneration. 
Premature infants
develop retrolental眼晶状体后面的fibroplasia纤维素增生or damage occur to the retina due to their high oxygen exposure. Vitamin E can protect against this damage. In addition vitamin E can protect the lens of the eye from oxidation, cross linking of the collagen fibers and formation of cataracts白内障.

Muscular dystrophy肌肉萎缩症
   The type diseases have been treated with vitamin E with only anecdotal(轶事一样的)success.
Cholesterol peroxidation:

It can occur when vitamin E is deficient. In particular LDL cholesterol yields epoxy- cholesterols环氧的which have been implicated in cardiovascular disease.

Other function of vitamin E

Anti-inflammatory effects: 

   vitamin E inhibits the enzyme lypoxygenase, an enzyme responsible for the formation of leukotrienes which cause inflammation. This can be useful in the treatment of asthma哮喘and other inflammatory conditions such as arthritis关节炎. 

Anti-platelet血小板aggregation effects: 
   vitamin E at higher doses has been shown to increase production of prostaglandin前列腺素I2 which inhibits platelet stickiness. 
Needed for normal reproduction
· Some unproven theories about the powers of vitamin E to improve sexual performance, prevent aging.

· In the experimental animals, it is needed for normal reproduction.

When can vitamin E deficiency occur? 
· Vitamin E deficiency is rare in humans. There are three specific situations when a vitamin E deficiency is likely to occur. It is seen in persons who cannot absorb dietary fat, has been found in premature, very low birth weight infants (birth weights less than 1500 grams, or 3 1/2 pounds), and is seen in individuals with rare disorders of fat metabolism. A vitamin E deficiency is usually characterized by neurological problems due to poor nerve conduction.

· The signs and symptoms of Vitamin E deficiency are dry skin, easy bruising, decreased clotting time, eczema湿疹, elevated indirect bilirubin胆红素, psoriasis牛皮癣, elevated heavy metals, Pre-Menstrual Syndrome (PMS月经前不快症状), cystic fibrosis囊肿性纤维化, sickle cell anemia, cataracts白内障, fibrocystic纤维囊性的disease, benign良性的prostatic hypertrophy肥大, poor wound healing, growing pains. 

What is the health risk of too much vitamin E? 
· The health risk of too much vitamin E is low. A recent review of the safety of vitamin E in the elderly indicated that taking vitamin E supplements for up to four months at doses of 530 mg or 800 IU (35 times the current RDA) had no significant effect on general health, body weight, levels of body proteins, lipid levels, liver or kidney function, thyroid hormones, amount or kinds of blood cells, and bleeding time. 
四、Vitamin K
· Vitamin K is produced by naturally occurring intestinal bacteria, but can also be found in many foods. It is required for the formation of four protein substances needed in blood  coagulation known as K-dependent clotting factors. 

· The one present in the highest concentration in blood plasma is prothrombin凝血素. It is converted to thrombin凝血酶, which then converts fibrinogen纤维蛋白原in the blood to fibrin, the key substance in blood clothing

· Deficiency

· The main result of a vitamin K deficiency is problems with the coagulation (clotting) of blood. It can occur in premature infants who haven't built up adequate vitamin K stores.

· A deficiency can be brought on by long-term antibiotic therapy which destroys gut bacteria, halting the synthesis of vitamin K. 

·  Toxicity

· There have been no reports of vitamin K toxicity from natural food sources. There have been reports, however, that a synthetic version (menadione甲萘醌) can cause anemia and jaundice黄疸
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Vitamin K crystals under polarized light
· Sources: 

· Green leafy vegetables such as spinach and cabbage, liver, soybeans and supplements are good sources of vitamin K. The vitamin is also synthesized in the human intestinal tract by certain bacteria. 

· Natural vitamin K from plants is known as phylloquinone叶绿醌. The vitamin K made by bacteria is called menaquinone甲基萘醌类. 
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The benefits of vitamin E:

protects cell membranes and tissues
from damage by oxidation

-aids in the formation of red blood
cells and the use of vitamin K.

promotes function of a healthy
circulatory system

Adult RDA: 10 mg a-TE

Fat-soluble

FADAM.



Recommended Intakes 
RDAs: 
70-80 µg /day for adult males 
60-65 µg /day for adult females 
55 µg /day for children ages 15-18 
45 µg /day for children ages 11-14 
30  µg /day children ages 7-10 
20 µg /day children ages4-6 
15 µg /day children ages1-3 
10 µg /day infants ages six months - one year 
5  µg /day infants from birth - six months 

五、 VITAMIN  B1 (THIAMINE)

Introduction

It is a white, water-soluble crystalline solid. its molecule has a complex structure which include an amino(-NH2) group and a hydroxyl group 

Because thiamine is soluble in water,as much as 50% may be lost when vegetables are boiled .Thiamine decomposes on heating though it is fairly stable at the boiling point of water and little loss occurs at this temperature  in acid condition. In neutral or alkaline conditions breakdown is more rapid.
Dietary Source
Limited quantities of thiamine can be found in most foods, but large amounts of this vitamin can be found in pork and organ meats. Other good dietary sources of thiamine include whole-grain or enriched cereals and rice, wheat germ, bran, brewer's 啤酒制造者
yeast,  and blackstrap molasses赤糖糊. 

Function

Thiamin is involved in releasing energy from carbohydrate, alcohol and fat. The effective use of carbohydrates is dependent on this vitamin which functions as the coenzyme thiamin pyrophosphate焦磷酸盐, or cocarboxylase焦磷酸硫胺素, in the oxidation of glucose. Hydrochloric acid (stomach acid) is necessary for thiamin absorption. 
Thiamine may enhance circulation, helps with blood formation and the metabolism of carbohydrates. 

It is also required for the health of the nervous system and is used in the biosynthesis of a number of cell constituents, including the neurotransmitter acetylcholine and gamma-amino butyric acid (GABA). It is also great for the brain and may help with depression and assist with memory and learning. 
In children it is required for growth and has shown some indication to assist in arthritis, cataracts as well as infertility.

Deficiency
A deficiency will result in beriberi脚气病, and minor deficiencies may be indicated with extreme fatigue, irritability, constipation, edema浮肿and an enlarged liver. Forgetfulness, gastrointestinal disturbances, heart changes, labored breathing and loss of appetite may also be experienced. 
With too little thiamine around a person may also experience nervousness神经过敏, numbness麻木of the hands and feet, pain and sensitivity, poor coordination, tinglingsensations麻刺感, weak and sore muscles, general weakness and severe weight loss
                     Uses   
· Beriberi
The most important use of thiamine is in the treatment of beriberi, a condition caused by a deficiency of thiamine in the diet. Symptoms include swelling, tingling or burning sensation in the hands and feet, confusion, difficulty breathing (from fluid in the lungs), and uncontrolled eye movements (called nystagmus眼球震颤). 

Wernicke-Korsakoff syndrome

· Wernicke-Korsakoff syndrome is a brain disorder caused by thiamine deficiency. Replacing thiamine alleviates the symptoms of this syndrome. Wernicke-Korsakoff is actually two disorders in one: 

· (1) Wernicke's disease involves damage to nerves in the central and peripheral nervous systems and is generally caused by malnutrition (particularly a lack of thiamine) associated with habitual alcohol abuse, (2) Korsakoff syndrome is characterized by memory impairment with various symptoms of nerve damage. High doses of thiamine can improve muscle in coordination and confusion associated with this disease, but only rarely improves the memory loss. 

Heart failure

· Thiamine may be related to heart failure in two ways. First, low levels of thiamine may contribute to the development of congestive充血的heart failure (CHF). On the flip side, people with severe heart failure can lose a significant amount of weight including muscle mass (called wasting or cachexia) and become deficient in many nutrients. It is not known whether taking thiamine supplements would have any bearing on the development or progression of CHF and cachexia恶疾. Eating a balanced diet, including thiamine, and avoiding things that deplete this nutrient, such as high amounts of sugar and alcohol, seems prudent, particularly for those at the early stages of CHF. 

Dosage 

1、Pediatric
Newborns to 6 months: 0.2 mg (adequate intake) 
Infants 7 months to 1 year: 0.3 mg (adequate intake)  

Children 1 to 3 years: 0.5 mg (RDA) 

Children 4 to 8 years: 0.6 mg (RDA) 

Children 9 to 13 years: 0.9 mg (RDA) 

Males 14 to 18 years: 1.2 mg (RDA) 

Females 14 to 18 years: 1 mg (RDA) 

2、Adult
Males 19 years and older: 1.2 mg (RDA) 

Females 19 years and older: 1.1 mg (RDA) 

Pregnant females: 1.4 mg (RDA) 

Breastfeeding females: 1.5 mg (RDA) 

The dosage is the Recommended Dietary Allowance (RDA), but be aware that this dosage is the minimum that you require per day, to ward off serious deficiency of this particular nutrient. In the therapeutic use of this nutrient, the dosage is usually increased considerably, but the toxicity level must be kept in mind. 
Toxicity and symptoms of high intake
Thiamine toxicity is uncommon; as excesses are readily excreted, although long-term supplementation of amounts larger than 3 gram have been known to cause toxicity
Digestion

· It is water-soluble vitamin which exist in cells in the form of combined-protein, and in the process of the breakdown of cells and the digestion of protein, these combined-compounds are decomposed and set thiamine free

Absorption

It is absorbed in intestine by passive  diffusion when the concentration is high, on the contrary, by initiative transportation
Cautions 

· Antibiotics, Tetracycline四环素
·  Vitamin B1 should not be taken at the same time as the antibiotic tetracycline because it interferes with the absorption and effectiveness of this medication. Vitamin B1 either alone or in combination with other B vitamins should be taken at different times from tetracycline taken. (All vitamin B complex supplements act in this way and should therefore be taken at different times from tetracycline.)
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Water Soluble 

六、Riboflavin---Vitamin B2
Functions
· Participates in enzymatic energy release of carbohydrate, fat and protein. 

· Riboflavin is important for flavin adenine dinucleotide (FAD) and flavin mononucleotide (FMN). These compounds help regulate cellular metabolism through oxidation-reduction reactions. 

· promotes vision .

· promotes skin health .

Deficiencies
· Eye problems, weakness, sore throat, skin disorders 

Toxicity：

·  None known.  Possible interference of other B vitamins.
Recommended Intakes
· RDAs: 
1.7 mg/day for adult males 
1.3 mg/d for adult females 
additional 0.3 mg/d during pregnancy 
additional 0.5 mg/d during lactation 
0.4 mg/d for infants 

Food Sources
·  Milk / dairy, dark green vegetables, eggs, yogurt, enriched breads/cereals, liver, meat. 

七、Niacin---Vitamin B3
Nicotinic acid, Nicotinamide 

Functions
· Niacin is a water-soluble vitamin that participates in more than 50 metabolic functions .

· Important constituent of two coenzymes, nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP) in enzymatic energy release; 

· promotes health of nerves, skin and digestive system 

Deficiencies

· Pellagra糙皮病, dermatitis on body parts exposed to sun, diarrhea, dementia, loss of appetite, weakness, mental confusion, irritability, fatigue
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One symptom of pellagra is a thickening, peeling, and discoloration of the skin 

Toxicity
· High doses of niacin can cause flushing, itching痒的, vomiting, abdominal cramps抽筋, diarrhea, weakness, lightheadedness, headache, fainting, sweating, high blood sugar, high uric acid, heart rhythm disturbances, and jaundice黄疸. 

Recommended Intakes
· RDAs:   NE =  niacin equivalents 
13-19 NE/day for adults 
additional 2 NE/day during pregnancy 
additional 5 NE/day during lactation 
5-6 NE/day for infants 
9-13 NE/day for children, ages 1-10 

Food Sources
· Yeast, meats, eggs, poultry, liver, cereal, legumes, seeds, milk, green leafy vegetables, fish, nuts 

Caution
· Niacin is often prescribed for reducing serum cholesterol. Common doses are over 100 times the recommended daily dietary amount. At such a level, niacin is acting as a drug and not a vitamin. Persons using this much niacin should be monitored by a physician.

· Smoking can impair niacin absorption and thus smokers may require more than non-smokers. 

八、Vitamin B6 
Function
· Vitamin B6 consists of several compounds including, pyridoxal吡哆醛, pyridoxamine and pyridoxine. 

· These compounds are transformed in the liver, red blood cells and other tissues into important coenzymes required for the building up and breaking down of proteins, carbohydrates and fats.  

· It is essential for protein metabolism, and for the formation of haemoglobin - the pigment in the blood that carries oxygen round the body. 

Health Issues
· A vitamin B6 deficiency does not produce an easily recognized disease. Symptoms can include dermatitis, convulsions, anemia and excitability. 

Sources
· Vitamin B6 is found in the following foods:

· Poultry 

· Fish 

· Kidney 

· Pork 

· Egg 

· Brown rice 

· Soy beans 

· Oats 

· Nuts 

Recommended Intakes 
· RDAs: 
2.0  mg/d for adult males, ages 15+ 
1.6  mg/d for adult females, ages 15+ 
2.2 mg/d during pregnancy 
2.1 mg/d during lactation 
1.7 mg/d for male children, ages 11-14 
1.4 mg/d for female children, ages 11-14 
1.4 mg/d for children, ages 7-10 
1.1 mg/d for children, ages 4-6 
1.0 mg/d for children, ages 1-3 
0.6 mg/d for infants six months to one year 
0.3 mg/d for infants birth to six months . 

Pantothenic Acid泛酸
Function
Health Issues
· Pantothenic acid is considered a member of the B group of vitamins. It is important for normal tissue metabolism and is involved with the synthesis of fatty acids, cholesterol and sterols. It is found in two enzymes - coenzyme A and acyl-carrier-protein (ACP). 

Sources
· Pantothenic acid is found in a wide variety of plant and animal foods, including in yeast, and eggs.

· Recommended Intakes 
Estimated Safe and Adequate Intake: 
4-7 mg/day for adults 
4-7 mg/d for children ages 11+ years 
4-5 mg/d for children 7-10 years 
3-4 mg/d for children 4-6 years 
3 mg/d for children six months to 3 years 
2 mg/d for infants birth to six months 
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十、Vitamin B12 
Function
· Vitamin B12 (cobalamin) is a group of compounds essential for several enzyme systems involving the transfer of one-carbon units for the methylation of homocysteine同型半胱氨酸. 

· Vitamin B12 affects the growth and repair of all cells, particularly nerve cells. 

· It also plays a role in the activation of amino acids during protein formation. In combination with folic acid,  it is necessary for the syntheses of DNA and for maintaining the myelin sheath髓鞘that surrounds nerve cells to speed up nerve impulse transmission. 

· Sources:Vitamin B12 is found in meats, liver, fish, poultry and milk. 

· Health Issues: Vitamin B12 deficiency can result in anemia, fatty liver, and peripheral nerve degeneration. Many older people suffer from pernicious anemia恶性贫血that can be alleviated with regular injections of this vitamin. 

· Recommended Intakes 
RDAs: (Strict vegetarians should consult a physician or RD for B12 supplements) 
2.0 µg/day for adolescents and adults 
2.2 µg/d during pregnancy 
2.6 µg/d during lactation 
1.4 µg/d for children, ages 7-10 
1.0 µg/d for children, ages 4-6 
1.0 µg/d for children, ages 1-3 
0.5 µg/d for infants six months to one year 
0.3 µg/d for infants birth to six months 
十一、Biotin 
Function
· Biotin is a component of an enzyme acetyl CoA, which is required in metabolic reactions where carbon dioxide is transferred to other molecules.

· Biotin is involved in the metabolism of fatty acids and amino acids - essential for carbohydrate, fat and protein metabolism. It is involved in the conversion of protein and carbohydrate into fat. When the level of carbohydrates in the body is low, biotin helps maintain normal blood glucose levels from fat and protein sources. 

· Health Issues: 

Biotin deficiencies are rare but can result in anorexia厌食, nausea恶心and depression. Large intakes of raw egg whites (containing avidin抗生物素蛋白) may induce a deficiency 

· Sources:

 The diet is seldom short of biotin. Good sources include  milk, eggs, liver and yeast

Recommended Intakes
· Estimated Safe and Adequate Intake: 
30-100 µg/day for adults 
30 µg/d for children ages 7-10 years 
25 µg/d for children 4-6 years 
20 µg/d for children 1-3 years 
15 µg/d for children six months to 1 year 
10 µg/d for infants birth to six months 

十二、Folate (Folic acid or Folacin) 
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Cell division. This process requires folate to occur
Function
· Folic (folacin) is a component of tetrahydrofolic acid, which is involved in the transfer of one-carbon groups - i.e. the transfer of methyl groups to help resynthesize methionine from homocysteine and to form choline.

·  Folic acid is also important in the synthesis of purines and pyrimidines. 

· Sources: Good sources of folic acid include liver, leafy vegetables (spinach) legumes, nuts and cereal grains 

· Health Issues: Folic acid deficiency can cause megaloblastic有巨胚红血球的anemia (defective DNA synthesis resulting in abnormal red blood cells especially in bone marrow), diarrhea, fatigue and depression. A sufficient intake of folic acid is especially important during pregnancy for normal cell development of the foetus. 

Recommended Intakes 
· RDA: 
400 µg/day for adults 
400 µg/d for adult females of childbearing age 

    600 µg/d during pregnancy 
500 µg/d during lactation 
150 µg/d for children ages 11-14 years 
100 µg/d for children ages 7-10 years 
75 µg/d for children 4-6 years 
50 µg/d for children 1-3 years 
35 µg/d for children six months to 1 year 
25 µg/d for infants birth to six months 

十三、Vitamin C 
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· This is a white solid and behaves like an acid (having a sharp taste associated with acids). Vitamin C is highly polar so it is readily soluble in aqueous solutions. 

· It is optically active and dextrarotatory(右旋的).

· Opening of the lactone内酯ring irreversibly不可逆 destroys vitamin C activity and results in loss of its nutritional value. However, this may result in the production of flavour compounds or their precursors, and it may also participate in non-enzymatic browning reactions (Maillard reaction). 
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Function
· Vitamin C (Ascorbic Acid) is an antioxidant 。 The oxidation-reduction reaction between ascorbic acid and dehydroascorbic acid is reversible, if dehydroascorbic acid is further oxidized, it no longer has vitamin C activity, this reaction is not reversible.

· is involved in the synthesis of protein collagen which is necessary for skin, connective tissue, the bone matrix and tooth dentine 牙质.

· Help maintain normal elasticity弹性and strength of blood vessels and capillaries.

· Influence formation of hemoglobin. Aids in the absorption of iron. 

· Protect the body against infections and bacterial toxins

Health Issues
· A deficiency of vitamin C can result in the disease scurvy坏血病- a common illness among mariners who did not have a source of fresh fruits and vegetables. Symptoms include fatigue, loss of appetite, retarded wound healing and fragile capillaries (bleeding gums齿龈). Loose teeth and bone joint diseases are also common. 

· High daily intake of vitamin C (1000mg or more) has been recommended to lower blood cholesterol and prevent colds. These claims have yet to be proven. 

· Toxicity 
Nausea, diarrhea, red blood cell damage, nosebleeds, abdominal cramps. 

Recommended Intakes 
· RDA: Not an international agreement - 60 mg per day for male and female in the US; 30 mg per day in Canada and UK. 

· NEW DRIs: 
75 mg for adult women 
90 mg for adult men 

· Old RDAs: 
60 mg for adults 
75-95 mg for pregnant and lactating women 
35-40 mg/day in children, ages 1-3 
The requirement in smokers may be increased to 100 mg/day. 

Sources

· Vitamin C is easily destroyed by food processing (oxidation) especially heat. Good sources of vitamin C are jujube枣(highest content in fruits), citrus fruits, papaya, green peppers, broccoli, brussels sprouts, cauliflower花椰菜, cabbage. Potatoes also contain small amounts of vitamin C. Animal products, milk and cereals are poor sources. n nature, vitamin C is synthesised from glucose in a number of steps, involving oxidation and reduction. 
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If you decide to take vitamin supplements:
· Doses larger than 500 mg per day are quickly excreted in the urine and therefore a waste of money. 

· Rinse the mouth after using chewable vitamin C because it is acidic and can erode tooth enamel釉. 

· Be aware of the vitamin C you are getting from fruits, fortified juices and cereals and count that into your vitamin C total for the day. 

十四、Choline 
· Function: Choline is generally listed as a vitamin. It is considered as essential, mainly for infants and is involved in lipid transport, cell membrane structures and brain tissue. It functions in the transmission of nerve impulses (acetyl choline). It is thought that adults can synthesize sufficient amounts of choline (possibly by intestinal bacteria) so it is not a vitamin in a strict sense. 

· Sources: Good sources of choline are lecithin, seed oils, liver and egg yolks. 

· Health Issues: Choline has been used to treat Alzeimer's disease and fatty liver. 
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700 (2333 IU) 





900 (3000 IU) 





14-18 years 





Adolescents 





600 (2000 IU) 





600 (2000 IU) 





9-13 years 





Children 





400 (1333 IU)





400 (1333 IU)





4-8 years 





Children 





300 (1000 IU)





300 (1000 IU)





1-3 years 





Children 





500 (1667 IU)





500 (1667 IU) 





7-12 months 





Infants 





400 (1333 IU)





400 (1333 IU)





0-6 months 





Infants 





Females: mcg/day (IU/day) 





Males: mcg/day (IU/day) 





Age 





Life Stage 





RDA





1,300 (4333 IU)





- 





19-years and older 





Breastfeeding 





1,200 (4000 IU) 





- 





18 years and younger 





Breastfeeding 





770 (2567 IU)





- 





19-years and older





Pregnancy 





750 (2500 IU) 





- 





18 years and younger 





Pregnancy 





700 (2333 IU) 





900 (3000 IU) 





19 years and older 





Adults 





447 IU





134 mcg





447 IU





134 mcg





1 cup (8 fl ounces)





2% fat milk (vitamin A added)





227 IU 





68 mcg 





227 IU 





68 mcg 





1 cup (8 fl ounces)





Whole milk





317 IU





95 mcg 





323 IU 





97 mcg 





1 tablespoon





Butter





296 IU 





89 mcg 





303 IU 





91 mcg 





1 large





Egg





500-767 IU 





150-230 mcg 





500-767 IU





150-230 mcg





1 serving





Fortified breakfast cereals





4,500 IU 





1,350 mcg 





4,500 IU 





1,350 mcg 





1 teaspoon





Cod liver oil





Retinol, IU





Retinol, mcg





Vitamin A, IU





Vitamin A, RAE





Serving





Food





0





0





1,906 IU 





572 mcg 





1/2 cup, cooked





Squash, butternut 





0





0





1,572 IU 





472 mcg 





1/2 cup, cooked





Spinach





0





0





1,555 IU 





466 mcg 





1/2 medium melon





Cantaloupe





0





0





1,283 IU 





385 mcg 





1/2 cup, chopped





Carrot (raw)





0





0





3,196 IU 





959 mcg 





1/2 cup, mashed





Sweet potato





500 IU





149 mcg





500 IU





149 mcg





1 cup (8 fl ounces)





Nonfat milk (vitamin A added)





 





 





50-67





Liver of chicken








150





Shrimp





315


 








Menhaden











44


 








Liver o f pig


 








50-60





Egg


 








154-550








Salmon








17-20








Liver of sheep








0.3-0.4





Creamery





44





Turbot





9-42





Liver of ox





50





Cream





1150-1570





Sardine





8000-30000





Fishing rod








35





Butter





Content


(IU/100g)








Name





Content


(IU/100g)








Name





Content


(IU/100g)








Name
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Life-Stage 





 Men and Women 





Pregnancy 





 Lactation 





Ages 19+ 





15 mg* or 22 IU 

















All ages 











15 mg* or 22 IU








19 mg* or 28 IU 





*1 mg alpha-tocopherol equivalents = 1.5 IU 
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