Lesson 7: Vitamins

Introduction Lesson (7.1)

· How vitamins are different from macronutrients and their defining features
· The four fat-soluble vitamins & their; main functions and consequences of deficiency, diseases, and toxicity. 
· Water soluble vitamins & their; main functions and consequences of deficiency, diseases, and toxicity. 
Defining Features of Vitamins (7.2)

· Carbohydrates, lipids and proteins are the energy yielding macronutrients. Vitamins and minerals are the non-energy yielding micronutrients. Our cells do not metabolize micronutrients for energy. But many vitamins and a few of the minerals participate in the chemical reactions that release energy from macronutrients. 
· Nutrient dense foods provide more micronutrients per kilo calorie than energy dense foods. An example of a nutrient dense food is mushrooms.
Chemical Structure of Some Vitamins
· Vitamins look different from macronutrients.
· Vitamins are not chains of repeated units.

	Vitamin Sources
	Vitamin Enriched Food
	Vitamin Fortified Food

	Natural Vitamins
	Food that has been enriched with natural vitamins.
	Food that has been fortified with natural vitamins.

	Synthetic Vitamins
	Food that has been enriched with synthetic vitamins
	Food that has been fortified with synthetic vitamins.


· Natural Sources; plants, animals, fungi, and bacteria.
· Synthetic Sources; made in laboratories by chemist using microbes.
· Enrichment; addition of vitamins and minerals to food products to replace those lost during processing. 
· Fortification; addition of supplementary nutrients to food that were either not originally present or present in insignificant amounts.  

























Vitamin Solubility
	
	Fat-Soluble Vitamins
	Water-Soluble Vitamins

	Vitamins
	Vitamins A, D, E, & K
	Vitamins B, & Vitamins C

	
	Found in the fatty portions of foods and oils. In the body, the fat-soluble vitamins are generally stored wherever fat is stored. Upon absorption, the Fat-Soluble Vitamins; A, D, E, & K are packaged inside Chylomicrons and stored in fatty tissue like fat cells and the liver. Given their insolubility they are less readily excreted in urine and can therefore accumulate in the body and cause toxicity.


	Are stored in the watery compartments of food.

	Absorption of Fat-Soluble Vitamins

	Bioavailability refers to how much a vitamin or mineral is absorbed. The bioavailability of micronutrients depends on several factors.

Absorption of micronutrients depends of your body’s physiological need for it. This is mostly dictated by age, gender, and diet. A growing child requires much more vitamins and minerals to keep up with their fast metabolism.

The bioavailability of micronutrients also depends on how the food was prepared, was it raw, cooked, or processed.

It matters if the nutrient is synthetic, naturally occurring, or fortified.

The combination of the foods you eat is also important. Some foods contain binders that bind to micronutrients and prevent their absorption.

	





Fat-Soluble Vitamins (7.3)

Vitamin A: 
Retinol is a form we absorb from vitamin A when we eat vitamin A-rich animal-foods. Retinol comes in three forms; alcohol, aldehyde & acid. 
Beta-Carotene is lipid soluble and is a precursor provided by plants, also known as a carotenoid (12 micro grams of beta-carotene = 1 micro gram of retinol to the body). Cooking increases the bioavailability of beta-carotene by helping to breakdown the ridged plant cell wall and liberate beta-carotene. So, for example its bioavailability increases if sautéed in butter or oil. Orange is the color of beta-carotene and the deep green is the combination of the chlorophyll pigment in combination with carotenoids.
Vitamin A Benefits
· Vitamin A maintains healthy cells in the mucous membranes. Without Vitamin A, the normal structure and function of the cells in the mucous membranes are impaired.
· Vitamin A deficiency can increase rates of infection by causing keratinization of the skin or permanent blindness.
Meat & Alternatives
· Fat-soluble vitamins are stored in the body.
· Vitamin A is stored in the liver, as well as fatty tissue. 
Vitamin A important functions
Cell Differentiation: when cells divide then differentiate (i.e. they form an identity Vitamin A is required for differentiation. Cells divide and then form an identity. All body surfaces are covered by layers of epithelial cells. The epithelial tissues that line the inside of the body are called mucus membranes.  
Vision: Vitamin A is required for transforming light into nerve impulses that inform the brain. As light enters the eye, rhodopsin within the cells of the retina absorbs the light. A steady supply of retinal in the eyes is required.
[bookmark: _Hlk530570423]Antioxidant Function: Beta-carotene and other carotenoids work as powerful antioxidants. Antioxidants donate electrons to free radicals, stopping the chain of events. A free radical is a molecule with one or more unpaired electrons. An incomplete valent shell causes the atom to become unstable and highly reactive. To regain stability the free radical quickly finds a stable compound from which to steal an electron.

Vitamin D:
Vitamin D (Calcitriol) + Vitamin D3 (Calcidiol)
· Sunlight + Cholesterol + Body Heat = Vitamin D
· By the time light has reached your skin, all of the UV radiation has been filtered out.
· Anything that blocks UV radiation prevents us from synthesizing vitamin D including; sunscreen, air pollution, tall buildings, clothing. 
· Vitamin D can regulate cell growth and perhaps have cancer fighting properties. 
· Vitamin D increases the bioavailability of calcium.
· The lack of Vitamin D is when the intestine absorbs only 10% to 15% of the calcium in foods and the cells cannot deposit enough calcium to produce strong bone tissue. 
Vitamin D important functions
· Bone development: When skin cells are exposed to the suns ultra violet radiation. The radiation converts a substance that is derived from cholesterol into an inactive form of vitamin D, called vitamin D3. Which is then released into our blood stream and travels to the liver. Where the liver converts the vitamin D3 into another inactive form called Calcidiol and releases it again into the blood stream, which then goes to the kidneys. When calcium is needed, the kidneys convert Calcidiol into the active form we call vitamin D.
Vitamin D deficiency & Toxicity
· Deficiency disease in children characterized by bowed legs.
· The adult form of rickets is osteomalacia and can lead to osteoporosis.
· Too much vitamin D = too much calcium
· Calcium deposited in soft tissues of the body, including arteries and kidneys, can cause damage. 
· It is impossible to get too much vitamin D from the sun, this is exclusively caused by the over use of supplements.  
Vitamin E
· Vitamin E is the major fat-soluble antioxidant found in cells.
· Food sources: Polysorbate vegetable oils, nuts, seeds, Reduce risk of CVD and cancer. Used in packaged food to extend shelf life. 
· Without vitamin E, red blood cells can break open and spill their contents, free radicals can also oxidize LDL that is deposited in plaque, promoting cardiovascular disease.
Vitamin K 
· Vitamin K is important for the synthesis of blood clotting factors in the blood. Without vitamin K a minor cut can cause major blood loss. Vitamin K is synthesized by the bacteria living in the large intestine and the rest supplied by the diet. 
· Infants are at risk for vitamin K deficiency bleeding (VKDB). Babies are therefore fortified with vitamin K at birth.

Water-Soluble Vitamins (7.4)

Water-Soluble (B Vitamins)
· B vitamins along with some minerals support the generation of energy from the macronutrients. 
· Without B vitamins, your body can be lacking energy.
· B complex; thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, biotin & pantothenic acid.
· All B vitamins bond to coenzymes, which are small molecules that bind to enzymes and activate them. 
· An inactive enzyme cannot catalyze a chemical reaction. 
Thiamin (B12)
· Thiamin is necessary for energy metabolism.
· Thiamin deficiency can cause; Beriberi symptoms, weakness, memory loss, weight loss and Wernicke Korsakoff, where alcohol interferes with thiamin absorption.  
Riboflavin (B2) 
· Deficiency disease is very rate. Although, deficiency symptoms include; weakness, inflamed tongue, and sores on the edges of the lips. 
· With Riboflavin rich foods the exposure to light causes the vitamin to break down rapidly. Milk, which is rich in riboflavin, is stored in cardboard or opaque containers.
· 30 minutes of UV light will destroy 30% of vitamin B2. 
Niacin (B3)
· We can produce some small amounts of niacin using one of the amino acids.
· 60 mg of tryptophan = 1 mg of niacin.
· The rest of niacin must be supplied by diet.
· Niacin deficiency can lead to pellagra disease, which causes; dementia, dermatitis & diarrhea.
· Pellagra was considered yet another infectious disease affecting the poor. Due to corn being the single source of food for the poor. Mexico is immune to pellagra because the corn kernels are soaked in lime to help free the niacin from the protein.  
Vitamin B6
· Works as a coenzyme for over 100 enzymes. 
· Vitamin B6 is crucial for energy metabolism, amino acid metabolism, and required for heme synthesis.
· Unlike most B vitamins, mega doses of vitamin B6 are toxic.
· Vitamins B6 is necessary for making the non-essential amino acids. Without vitamin B6, all amino acids become essential. 
· Conversion of the amino acid tryptophan to niacin requires vitamin B6.
· 11 of the 20 amino acids are non-essential.
· Vitamin B6 helps the conversion of toxic homocysteine to cysteine. 
Homocysteine
· Vitamin B6 along with folate and vitamin B12 seems to be necessary in keeping levels of homocysteine low.
· Homocysteine occurs when methionine (an essential amino acid), is used to synthesise cysteine (a non-essential amino acid). During the conversion, there is an intermediate product called homocysteine, which is toxic.
· If the body lacks vitamin B6, homocysteine can accumulate in the blood and may contribute to CVD.
· Anything that causes irritation to blood vessels leading to inflammation increases the risk of developing CVD.
Heme Synthesis
· Hemoglobin consists of 4 polypeptides, each of which is studded with heme.
· Heme is the non-protein portion of hemoglobin that holds iron.
· The amino acid sequence determines the shape of the polypeptide chain. 
· Vitamin B6 is required for heme synthesis, in its absence anemia develops.
· Without oxygen, your cells cannot bread down macronutrients to obtain energy. The blood ceases to circulate to your extremities and the oxygen deprives cells die. 
Folate
· Folate has 3 key roles: energy metabolism, amino acid metabolism & the most important of the three is DNA metabolism.
· Folate deficiency effects cells that divide rapidly, which occurs when rampant DNA synthesis happens during embryonic development.
· The neural tube develops into the brain and spinal cord.
· A deficiency in folate causes two neural tube defects; Spina Bifida, where the tube fails to close properly and Anencephaly, where infants are born with much of their brain malformed or missing. 
· Red blood cells (RBC) in the body also divide rapidly. RBC’s live for about 4 moths. The bone marrow is constantly replacing old worn out RBC’s.
· Without folate and vitamin B12, RBC precursor cells that reside in bone marrow enlarge. But they cannot divide normally because they are unable to form new DNA.
· The bone marrow releases of normal RBC’s called megaloblast into the blood stream.
· Megaloblastic anemia is characterized by large immature RBC’S. Because they are abnormal in shape, they do not carry the normal amounts of hemoglobin and without sufficient hemoglobin cells receive less oxygen. 
· [bookmark: _Hlk530663217]Folic acid is the synthetic form found in supplements and added to fortify foods. Folic acid has a higher bioavailability than folate. 
· Given the importance of folate in reducing the risk of neuro tube defects. Canada has mandated that certain grain products be fortified with folic acid. 
Vitamin B12 
· Vitamin B12 is a crucial vitamin required for; energy metabolism, DNA metabolism, amino acid metabolism, & maintaining myelin sheaths.
· Without vitamin B12, segments of the myelin sheath gradually undergo destruction that can lead to neuropathy, degeneration of spinal cord. 
· What sets this vitamin apart is the complexity associated with its digestion and absorption.
· Vitamin B12 in food is bound to proteins that prevent its absorption.
· Hydrochloric acid and pepsin in the stomach release B12 from the protein.
· In the stomach once the vitamin is released from the protein. 
· Intrinsic factor (IF) a compound produced by certain stomach cells, binds to it. 
· When the vitamin B12/ intrinsic factor complex reaches the ileum, the vitamin is absorbed.  
· Without intrinsic factor (IF), B12 absorption is impossible, even with supplements. 
· Intrinsic Factor (IF) is a protein, pernicious anemia is the result of the protein not being produced or having the wrong shape because of incorrectly placed amino acids.
· As with B6 deficiency, B12 deficiency causes megaloblastic anemia. 
· Treatment for pernicious anemia can include monthly injections of B12 or nasal gels/sprays containing vitamin B12.
Pantothenic Acid & Biotin
· Deficiencies involving these vitamins are exceptionally rare.
· Both are found in a large variety of foods. 
· Some of our biotin needs are met by the work of our friendly microbes.
Vitamin C 
· The best-known deficiency disease is Scurvy. 
· The cure includes eating oranges and lemons because they are high in ascorbic acid.
· [bookmark: _Hlk530667178]Vitamin C is crucial for the proper formation of our tightly woven collagen rope. Collagen is a protein that gives strength to connective tissue like, bone, skin, and tendon. 
· Without vitamin C, collagen has somewhat the consistency of gelatine which does not provide much structural support.
· The foundation of bone is collagen and Without vitamin C, bones do not form properly.
How it works
· Vitamin C is best known for its antioxidant power, it works by donating electrons to free radicals. Vitamin C is the water-soluble antioxidant
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