Vitamins

Organic compounds that:
= Are essential
= Naturally occur in food
= Deficiency occurs when the vitamin is
missing from diet
« Good health is restored, if deficiency
disorder is treated early
= Needed in very small amounts
*mg = 1/1000 of a gram
*mcg = 1/1,000,000 of a gram
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Vitamins

 Some have more than 1 form
—Vitamin A = retinol, retinal, retinoic acid

* Provitamins = vitamin precursors
that do not function until converted

—Beta-carotene (plant pigment) precursor
to vitamin A

—Tryptophan (amino acid) precursor to B-
vitamin niacin
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* Enrichment
— Addition of thiamin, riboflavin, niacin, folic
acid, and iron to refined flour and milled
grains
« Fortification

— Addition of one or more nutrients to
processed foods
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The Vitamins
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Fat Soluble Vitamins

A D, E K
« Absorbed with dietary fat
= Stored in liver and fat

= Toxicity more likely (especially A and
D)
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Water Soluble Vitamins

* C, the 8 B vitamins, choline
~ Little stored (except B12)
e Less toxic, excess is excreted

« More fragile, easily destroyed by
—Cooking
—Alkaline
—Processing
—Light
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Vitamins

Natural Sources:

Plants, animals, fungi, and bacteria
Synthetic:

Made in labs

Most natural and synthetic forms have equal
activity except:

Natural vitamin E: greater activity than
synthetic

Synthetic folate : greater activity than
natural
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Vitamin A

« Fat soluble
= Beta-carotene (and other carotenoids)
are provitamins

— Beta-carotene yields two molecules of
vitamin A

= Major functions
—Normal vision and reproduction
—Cellular growth
—Immune system function
—Epithelial cell production and maintenance

© 2006 Thomson-Weadsworth

Functions of Vitamin A

« Vision
—The retina, the light- sensitive area inside

each eye, contains rods and cones which
need vitamin A to function

—Early deficiency causes night blindness

—Later, keratin accumulates in cornea,
leads to blindness

« Xeropthalmia affects 3 to 10 million children
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Cornea

An eye (sectioned)
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Sources of Vitamin A

e Liver
= Fortified milk products
= Orange fruit
= Orange veg.
* Green veg.

Foods
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Vitamin A Content of Selected
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Carotenoids

e Phytochemicals, precursors of vit. A
e Protect function of macula in eye
—Prevent macular degeneration
—Lutein and zeaxanthin
= Help prevent cancer
—Eg: lycopene and prostate cancer
« Associated with decreased heart
disease risk
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Vitamin D

« Fat soluble “sunshine vitamin”

—When UV light hits skin, vitamin D
prohormone formed
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Functions of Vitamin D

» Aids calcium and phosphorus
absorption

= Essential for bone development and
growth

* Regulates blood calcium levels
= May have a role in cancer prevention
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Can we get enough D from sun?

« 10 to 15 minutes per day, but depends
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D Deficiency

« Adults — osteomalacia
—E.g. Arab women who cover skin
— Soft bones

e Children — rickets
—Little sunlight exposure

—Bowed legs
—“beaded” ribs
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Vitamin D Sources

e Sun

« Fortified milk
= Cod liver oil
« Sardines, salmon, shrimp
» Fortified cereals

Vitamin E

—Major fat-soluble antioxidant in cells

eProtects polyunsaturated fatty
acids

—Improves vitamin A absorption

[T A | I B SR AR S (e PN A S

- R

e - i S
oo & & o T ) b
- [ D, g T s ot

—Maintains nervous system and ol (-
immune function iM
= Alpha tocopherol (also beta, gamma, "mm]
delta) e
Vitamin E Sources of Vitamin E

= Deficiency
—Hemolysis, rare
—May occur with fat malabsorption

* Toxicity
—Low toxicity (for fat soluble vitamin)

— Supplements interfere with anti-coagulant
medications (warfarin, coumadin)
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< Nuts and seeds

e Unprocessed grain products
* Wheat germ

= Oils (sunflower, safflower)
= Peanut butter
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« Fat soluble

« Functions:

— Synthesis of blood clotting proteins
= Interferes with Warfarin, Coumadin

— Synthesis of bone proteins

© 2006 Thomson-Wadsworth

© 2006 Thomson-Wadsworth

Sources of Vitamin K
"‘

« Leafy greens

e Canola

= Soy beans, soy oil
= Intestinal bacteria

Vitamin K

= Newborns given a dose of vitamin K to
hold them until vitamin K-producing
bacteria establish in the intestinal tract
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Vitamin K

= Deficiency is rare
—“Hemorrhagic disease of the newborn”
— Sterile intestine

= Toxicity unknown
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Water Soluble Vitamins

* C and Bs and choline

* More easily destroyed by heat and
light

= Excess excreted in urine
—Less toxic than fat soluble (except B6)

« Little stored (about 1 month supply)
—Except B12

« Need to eat sources more often
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Vitamin C

« Water soluble
= Ascorbic acid
* Functions:
—Collagen synthesis
— Antioxidant
— Immune system functioning
— Increases iron absorption
= Higher DRI for smokers
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Vitamin C

* Scurvy
—Vitamin C deficiency
—Long sea journeys
—Magellan lost 80% of crew in 1520
—British sailors - “limeys”
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= Symptoms:
—Breakdown of

collagen, connective
tissue

—Loose teeth
—Gum bleeding
—Bruising
—Anemia
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Scurvy

e Poor diets, little fresh fruit or
vegetables
—Elderly
—Alcoholics

—1In 2003, a collage student who lived on
processed food
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Sources of Vitamin C

e Citrus fruit
e Strawberries, berries
= Potatoes
= Cabbage
= Tomatoes
* Peppers

Does C prevent colds?

e Cannot prevent colds

« May shorten length and/or decrease
the severity of a cold

= Large doses (1000 mg or more) may
cause nausea, diarrhea

— Increase oxalate kidney stones

B vitamins

« 4 B vitamins must be added to
enriched grain products
—Thiamin
—Riboflavin
—Niacin
—Folate

B Vitamins Cgmpgunds
= Enzymes — regulate chemical reactions B

in the body

= Coenzymes — necessary for many
enzymes to work

= B vitamins are coenzymes (especially
in energy metabolism)
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Active site

Without the coenzyme, compounds A and B
don't respend to the enzyme.
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"B/ vitamin
\ Coenzyme

With the coenzyme in place, compounds A
and B are attracted to the active site on the
enzyme, and they react.

The reaction is completed with the formation
of a2 new product. In this case the product
is AB.

P ——- Pt

~——New product

The product AB is released.
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Thiamin (vitamin B1)

* Functions
—Energy metabolism
—Nerve function

= Deficiency = Beri beri

— Symptoms: weakness, poor muscular
coordination, cardiovascular problems, edema.
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« Asia in 1800s
when rice began
to be refined
—Most calories from

rice

e |In US, alcoholics:
poor diet, alcohol
decreases thiamin
absorption

© 2006 Thomson-Wadsworth




THIAMIN

Sources of Thiamin

Riboflavin

« Yellow vitamin in milk
—Destroyed by light

= Functions: Energy metabolism

» Deficiency

—Uncommon
= Inflammation of tongue
« Cracks at corners of mouth
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Niacin

« Nicotinic acid, nicotinamide

e Can be made from amino acid
tryptophan

* Functions: Energy metabolism
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Niacin
» Deficiency — widespread in rural South
in early 1900s
—Diet primarily corn (low niacin, low
protein)
—Pellagra
« Diarrhea
= Dermatitis
= Dementia
« Death

Treating corn with lime (calcium hydroxide), as in
masa or tortillas, releases bound niacin
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Sources of niacin

= Adequate protein (tryptophan) =
adequate niacin

= Milk, eggs, meat, fish, nuts, whole
grains, legumes
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Niacin

« Supplements can lower cholesterol
—May cause flushing
—Too much — liver damage
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Biotin

e Functions: Energy metabolism

« Widespread in food
— Deficiency rare
—Low toxicity

« Protein in raw eggs (avidin) binds
biotin
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Vitamin B6

= Pyridoxine
= Most toxic of water soluble vitamins
—Supplements

« Functions:

—Energy metabolism, esp. protein
metabolism
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Vitamin B6

= Deficiency symptoms
« Dermatitis, anemia, convulsions, depression,
and confusion

— Deficiency rare, except in alcoholics
—? Reduces symptoms of PMS?
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VITAMIN B,
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Sources of B6

* Meat, poultry, fish

* Whole grains

* Nuts, seeds

« NOT refined grains, not added back

e Easily lost in food processing
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Folate

= Folic acid (synthetic, supplement form)
—Folate, folacin (natural food form)

* Functions:
—DNA synthesis, tissue synthesis
—Protein metabolism
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Folate Deficiency Folate Deficiency

* In first few weeks after

« Affects cells that rapidly divide, such as conception, the neural tube
RBCs forms
—Bone marrow releases large, immature, _ Develops into brain and
abnormal RBCs (megaloblasts) spinal cord

—Neural tube defects
« Spina Bifida
« Anencephaly

= Anemia — insufficient functional red
blood cells
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In 1990s, folic acid added to enriched grains in
US. Neural tube defects have decreased by 25%
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Folate / Folic Acid

« DRI 400 mcg/day for adults

—Women of childbearing age 400 mcg
synthetic folic acid (better absorbed) plus
food folate

= Folate toxicity

—Too much can mask a vitamin B12
deficiency
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Vitamin B12

e Cobalamin

e Functions:

— Part of coenzymes for:
* Folate metabolism
* Maintenance of myelin sheaths
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Vitamin B12

« Absorption of B12

—HCL and pepsin required to release B12
from proteins

— B12 must bind to intrinsic factor for
absorption.
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Vitamin B12
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Vitamin B12

= Deficiency:
—Pernicious Anemia
= Symptoms:

—megaloblastic anemia, nerve damage,
weakness, memory loss, confusion,
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Normal blood cells. The size, shape, and color of
these red blood cells show that they are normal.
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Blood cells of pernicious anemia. The cells are
larger than normal and irregular in shape.
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B12 deficiency

e Elderly produce less HCI and “intrinsic
factor”
—B12 injections

= VVegans
— Nutritional yeast, fortified products

« Up to 2 years worth of B12 stored in
liver
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Sources of B12

e ONLY animal products: meat, milk,
fish, poultry

e Red Star T-6635+ nutritional yeast

« Fortified products: soy milk, etc

Supplements

* 40% of Americans take
vitamin/mineral supplements

< If some is good, is more better?

» Are they beneficial?
* Are they safe?
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Supplements

* Are they safe?

—High doses of vitamin A increase bone
fractures, cause birth defects, cause liver
damage

—D is the most toxic vitamin. Toxicity
causes calcium deposits in soft tissue.
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Some people benefit from
vitamin/mineral supplements
= Deficiency diseases
* People who don't eat whole food
groups (vegans, children?)
« Pregnancy (folate, iron)
* Newborns (vitamin K)

< Infants (D if not exposed to sun and
BF)
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Some people benefit from
vitamin/mineral supplements

= Elderly (trouble chewing, poor abs
B12)

e AIDS (lose nutrients, malabsorption)

= Alcoholics

= Surgery, burns, wounds
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