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Vitamins and minerals are known as MICRONUTRIENTS and there are about 30 needed by the body.  Some are needed in very small amounts but nevertheless they are essential for good health.  Their primary role is METABOLIC REGULATION.

The amount of a vitamin or mineral in food may vary according to:

· Growing conditions

· Storage conditions

· Processing – enriched or fortified

· Preparation

· Cooking

They are not synthesised in the body and must be obtained from our food.  A varied balanced diet should supply all that is needed but if they are not present in our diet deficiency diseases may occur.  Supplements should not be needed and excess can be just as much as a problem as an inadequate supply.
Questions:
1. What are vitamins and minerals known as?

____________________________________________ (1)

2. Complete the following:

This means that they are needed in very ________________ amounts in the body but they are still _________________ for good health.








(2)

3. Why must vitamins come from our food?

___________________________________________________________________________________________ (2)

[image: image2.wmf]Supplements
Most people are able to meet their requirements by eating a varied diet consisting of several foods groups.  However, to reach optimum levels it may be necessary to take supplements.  Supplements have become very popular but it is generally advisable to consume vitamin/mineral rich foods rather than supplements.  
One advantage of supplements is that some people have higher than normal requirements and supplements can be helpful in those times of increased need.  Examples:

· Pregnant women have an increased requirement for folic acid.

· Older people who are housebound may require Vitamin D due to lack of sunlight.

· Vegans may require Vitamin B12.

· Iron may be required by adolescent girls.
Another advantage of supplements is that they are useful for those with poor appetites and those who are ill as their intake of vitamins/minerals may be inadequate e.g. anorexics, alcoholics.

Can supplements be harmful?

There is conflicting research regarding the benefits of taking supplements.  However, studies have shown that vitamins are 1000 times safer than drugs and that they may boost the immune system, particularly for those at risk such as the elderly.

The body rapidly excretes water-soluble vitamins so it is virtually impossible to have harmful effects of supplements of this kind.  Fat soluble vitamin supplements are also perfectly safe as long as the daily doses recommended on the packs or labels are not exceeded.  However, if consumers do not read the labels in some cases excessive amounts of a vitamin are harmful e.g. Vitamin A and Vitamin D

Pregnant women should not take Vitamin A supplements, unless prescribed, because of the possible birth defects that have been associated.

Another problem associated with the use of supplements is that they encourage poor eating habits and can be a very expensive way of meeting your requirements.
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People who may require supplements: 
· People on medication

· People with disease e.g. cancer patients

· [image: image4.wmf]People with poor appetites

· People with restricted diets e.g. kidney disease patients are restricted to certain food groups

· Vegetarians

· Elderly people
Questions:

1. List some groups of people who may find supplements helpful:

___________________________________________________________________________________________ (2)

2. Select one group and explain why they may require a supplement.

_________________________________________________________________________________________________________________________________________________________________________________________ (4)
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· Vitamins are a group of complex organic compounds required in small amounts.

· They are not synthesized in the body.

· Essential in the diet.

· Vitamins are not chemically similar to each other.

· Each vitamin has a specific function or set of functions.

Classification
Vitamins can be divided into TWO main groups:

1. FAT-SOLUBLE VITAMINS

· Includes A, D, E and K.

· Will dissolve in fats and oils but not in water.

· Vitamins A and D can be stored in the body, in the liver.

· In extreme circumstances it is possible to have an excess intake of these Vitamins leading to high levels in the body and a condition called HYPERVITAMINOSIS (likely to occur as a result of a supplement).

· Measured in micrograms

2. WATER-SOLUBLE VITAMINS

· Vitamins of the B and C groups will dissolve in water but not in fats.
· Since they are water-soluble they are not stored in the body (excess excreted in the urine).

· Quantities are measured in milligrams.
[image: image6.wmf]How much do we need? 
The body requires different amounts of each vitamin because each has a different function.

Amounts can vary according to:

· Age

· Sex

· Level of activity

· State of health e.g. recovery from illness, pregnancy

The Department of Health has drawn up Dietary Reference Values (DRV’s) for all nutrients for different groups of people.  Certain groups may have higher requirements for specific vitamins e.g. those with medical conditions, smokers, athletes, pregnant woman.

Questions: 

1. What vitamins are fat-soluble?

____________________________________________ (2)

2. What vitamins are water-soluble?

____________________________________________ (2)

3. When there is too much of a certain vitamin stored in the body it can lead to a condition called H______________________. (2)

4. How much we need of each vitamin depends on a number of factors.  What are they?

· _____________________________
· _____________________________

· _____________________________

· _____________________________ 
(4)
The Bioavailability (the net value) of vitamins

[image: image7.wmf]Bioavailability is the term used to describe the proportion of a nutrient in food that is actively absorbed and utilised by the body for its normal functions.  It is influenced by a variety of factors:
· The form in which the nutrient occurs in the food

· Other components present in the food

· Lifestyle (smoking, drinking, exercise, medication).

Some vitamins are susceptible to damage by:

· Heat, Light, Oxygen, Enzymes, Minerals

Loses can occur during:

· Food processing

· Food preparation – water soluble vitamins (B&C) are lost during preparation and cooking the others are not.

· Storage

There are several biochemical mechanisms which can either enhance or diminish nutrient absorption, for example:

· iron, copper and manganese may hinder absorption of Vitamin A, D and E

· Vitamin B12 absorption is assisted by adequate folate 

· Cereals and pulses contain iron and phytate and phytate inhibits iron from being absorbed.

· Some of these are present in food e.g. spinach contains calcium and oxalate and oxalate inhibits calcium from being absorbed.

The amount you absorb will depend on your needs, on your ability to absorb nutrients and on the amount available to you.  Good diet management can affect bio-availability e.g. a glass of orange juice with cereal can improve absorption.

Antioxidants
Vitamins C, E and beta-carotene are antioxidants.  They protect our bodies against the damaging effects of free radicals.  Antioxidants can prolong shelf life, stop food going rancid and there are 15 permitted antioxidants.  The use of them is controlled by the Antioxidants in food Regulations 1978.
Free radicals are potentially damaging by-products of the chemical reactions taking place in our bodies.  They destroy the body’s cells which can result in injury to body tissue.  This may take the form of heart disease, cancers e.g. stomach, lung or arthritis.  However, not all free radicals are harmful as we need some for our immune system to fight infection.  
[image: image8.wmf]Smoking increases the production of free radicals and therefore causes the body to use them up more quickly than normal.  So an intake of antioxidants is particularly important for smokers.

Role of antioxidants:

· Serve to fight cell damage caused by free radicals. 
· Free radicals can react with DNA and have been implicated in a range of diseases including cancer, CHD and arthritis.

· Antioxidant minerals are component parts of protective enzymes which can act inside and outside cells to remove free radicals.

· Antioxidant vitamins can stabilise free radicals and quench the effect of other damaging molecules directly.

Sources: Nuts, breakfast cereals, fresh fruit, fresh vegetables, fruit juice, salads, tea, vegetable oils and wholemeal bread.
Questions:
1. Explain the term ‘bioavailability.’

_________________________________________________________________________________________________________________________________________________________________________________________ (3)

2. Give one example of how biochemical mechanisms can hinder absorption.

__________________________________________________________________________________________________________________________________________ (2)

11. Outline the role of antioxidants in the body.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (8)
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[image: image11.wmf]There are two forms of Vitamin A:

· Retinol

· Beta carotene

It is found as RETINOL in animal foods such as milk, cheese, egg yolk, butter, oily fish e.g. herring, liver, kidney, cod and halibut liver oils.

[image: image12.wmf]Vitamin A is found as BETA CAROTENE in plant foods such as carrots, mangoes, apricots, and melon.  The darker the green the vegetable is the more beta carotene it contains.

Since 1954, Vitamin A has been added to margarine by law to make margarine nutritionally equivalent to butter.

In the British diet, approximately two thirds of Vitamin A is consumed as retinol and one third as beta carotene.
Functions:

· [image: image13.wmf]Required to make a substance called RHODOPSIN (visual purple).  This is a pigment found in the retina of the eye, and it is necessary for vision in dim light. 
· Required to keep the mucous membranes in the cornea at the front of the eye and the lining of the respiratory and digestive tracts moist and free from infection.

· Required for maintenance and health of the skin.

· Required for growth and maintenance of all body cells (important for normal growth of children).

· Thought to be important in protecting against cancer.

Recommended Intake:
700 µg for men (micrograms)

600 µg for women

Women need an extra 100 µg during pregnancy to meet the needs of the growing baby (care is necessary as evidence suggests that high levels of retinol can lead to birth defects).

Lactation RNI is 950 µg per day.

Deficiency:
Deficiency is rare.  However, signs of deficiency are:

· Growth of children retarded.

· Night blindness.

· Health of skin is affected and resistance to infection is lowered due to the poor condition of the mucous lining of the respiratory tract.
· Bacterial invasion and permanent scarring of the cornea of the eye – XEROPHTHALMIA.

Excess:
· Toxicity – can occur since Vitamin A is stored in the liver but unlikely in a normal diet.
What is toxicity? – When too much of a vitamin becomes toxic and causes damage (like poison).

· Hypervitaminosis A – causes drowsiness, irritability, skin and bone disorders and an enlarged liver.

· [image: image14.wmf]Pregnant woman are advised not to eat liver or take Vitamin A supplements as too much can lead to birth defects.

Factors affecting absorption:  
Low protein or fat intake will adversely affect metabolism and absorption.  Acute infections appear to lower Vitamin A concentrations in the blood.

Effects of cooking and Storage:
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Both retinol and beta carotene are unaffected by most cooking methods.  During storage retinol in fatty foods may be lost through oxidation.  However this is prevented by the use of antioxidants, by refrigeration and by exclusion of light e.g. wrapping fat in foil.

Questions: 
1. What are the two forms of Vitamin A?

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

2. List two functions of Vitamin A:

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (4)

3. Outline the problems associated with an excess intake of retinol.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (3)



(Cholecalciferol)
Cholecalciferol is a white, crystalline compound which is soluble in fats and oils but is insoluble in water.

There are two different types of Vitamin D:

· Cholecalciferol (vitamin D3) is the natural form of the vitamin occurring in foods.  It is formed by the action of sunlight.

· Ergocalciferol (Vitamin D2) is a synthetic form of the vitamin which has the same activity as the natural vitamin.  It is produced by the action of light on yeast.

Sources:
· [image: image16.wmf]Food – found in relatively few foods.  It occurs naturally in animal origin foods – oily fish, egg yolk, butter, liver, cheese.  Vitamin D in milk varies with time of year but it is not a good source.  Vitamin D content of margarine is ten times that of butter, since it is added (fortified) by law.  Many breakfast cereals are fortified and a good source.

· [image: image17.wmf]Sunlight – Vitamin D is formed in the skin on exposure to sunlight.  Amount varies according to latitude, time spent in the sun and degree of pigmentation of skin (dark skin synthesises less).

Functions:
[image: image18.wmf]It is necessary for growth and maintenance of bones and teeth.  It is required for the absorption of calcium from the intestine and for the uptake of calcium and phosphorous by the bones and teeth. 
Requirements:
No RNI for adults – normal sunlight meets requirements.

RNI for adults confined indoors, people over 65 years, pregnant woman and during lactation – 10µg per day.
Deficiency:
· Skeletal deformity – unnatural limb posture, delayed ability to stand up, knock-knees or bow legs.

· Children – rickets.

· Adults – oesteomalacia (bone pain, brittle bones).

· Traditional Asian diets are low in vitamin D and as their Asian culture does not encourage exposure to sunlight they may become deficient.

Excess:
Too much Vitamin D is harmful as it leads to excessive amounts of calcium being deposited in the soft tissues such as the kidneys.  Hypervitaminosis D can result in kidney damage.  Vitamin D intake should be controlled and care should be taken with supplements. 
Factors affecting absorption and bioavailability:
· Cheap diet 

· Lack of sunshine
Effects of Cooking:
Vitamin D is stable and is insoluble in water and therefore unaffected by cooking.

Questions:

1. What are the two types of Vitamin D and explain the difference between them?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (4)

2. What are the two main sources of Vitamin D?

___________________________________________________________________________________________ (2)
3. Explain why the vitamin D content of margarine is approximately ten times that of butter.

___________________________________________________________________________________________ (1)

4. Explain why milk is low in vitamin D but is considered a main source in the British diet.

___________________________________________________________________________________________ (1)

5. Explain why a dietary supplement of vitamin D is not always necessary.

___________________________________________________________________________________________ (1)

6. Explain why some members of the Asian community in the UK might suffer from rickets.

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

Vitamin E (tocopherols)

Properties:

· A yellow, fat-soluble alcohol

· Insoluble in water

· [image: image19.jpg]


Stable to heat and acids

· Unstable to alkalis and UV light

· Powerful antioxidant
Sources:

Most foods contain at least a small amount of Vitamin E.  Wheat germ, vegetable oils, nuts, egg yolk and pulses (especially Soya beans) are particularly good sources.  Fruit and vegetables contain relatively little Vitamin E.

Functions:

· Vitamin E is more important in the diet of some animals than it is in the diet of humans e.g. it is essential for reproduction in rats.

· Vitamin E is a natural antioxidant in cell membranes and is also used commercially e.g. in vegetable oils.  It helps reduce rancidity by preventing the oxidation of unsaturated fatty acids.  In turn it protects lipids (especially PUFA’s) against ‘free radical’ damage as Peroxide formation in cell membrane is prevented due to the obstruction of oxidation; the risk of the cell contents leaking is reduced.  The leaking of cells increases the risk of inflammatory diseases e.g. rheumatoid arthritis.  Peroxide may also play a part in the formation of plaque in artery walls which can lead to CHD.  Vitamin E is also said to protect Vitamin A and C from oxidation.
· Vitamin E also gives some protection against some forms of cancer as free radicals may damage DNA and protein molecules in cells.  These damaged cells are more prone to cancer.

· There is evidence that Vitamin E can help to prevent the occurrence of a serious eye disease called RETROLENTAL FIBROPLASIA which affects premature babies.  It is caused by the action of oxygen on developing blood vessels in the baby’s eyes.  
· Claims that Vitamin E will delay ageing or improve skin condition are unfounded and there is no reliable evidence of beneficial results.

Requirements:

The more PUFA’s in the diet, the more Vitamin E that is needed (to prevent oxidation and therefore reduce the risk of CHD).  However, foods which are rich in PUFA’s are usually good sources of Vitamin E.  
Safe Intakes have been set at – 

· More than 4mg for men

· More than 3mg for women

· It is estimated that infants should obtain 0.4g of Vitamin E per gram of PUFA.

Deficiency:

[image: image20.wmf]Deficiency of Vitamin E is not normally seen in humans, as with other fat soluble vitamins it can be stored in the liver.  However, premature babies who are fed on infant formula which are deficient in Vitamin E and high in PUFA’s and people who are unable to absorb and utilise Vitamin E adequately can develop nervous system problems e.g. muscular dystrophy or fragile red blood cells (not anaemia) but problems improve when suitable Vitamin E treatment is given.

Excess:
Excessive amounts of Vitamin E are non-toxic to the human body.

Effects of cooking/processing on availability & stability of vitamin: 

· Very sensitive to oxidation especially in presence of heat alkali

· Serious degradation in frozen foods

· Processing and refining flour – white flour 92% loss

· Cooking in fats – 70% - 90% loss

· Boiling – 30% loss

· Canning – 80% loss

[image: image21.wmf]
Questions:
1. Describe the antioxidant functions of vitamin E.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (8)


 
(Phylloquinone)

Properties:

· Fat soluble

· Insoluble in water

· [image: image22.wmf]Heat stable 

· Affected by irradiation

Sources:

Vitamin K is obtained in large amounts from leafy green vegetables (especially broccoli and spinach) also from eggs, milk, liver, wheat bran, cheese, fish and fish oils.  It can also be synthesised by bacterial action in the intestine and there is a small store of Vitamin K in the liver.

Functions:
[image: image23.wmf]Vitamin K is needed to help regulate blood clotting, it is known as the anti-haemorrhage vitamin.  There are ten blood clotting factors needed for blood to clot normally, four of these factors depend on Vitamin K for their formation.  Vitamin K is a component of Prothrombin (a protein in the blood).

Requirements:

A normal diet provides an adequate supply of Vitamin K.  It is not possible to make an accurate estimation of the requirements for normal adults as the Vitamin is made in the body.  A safe intake has been set at 1 µg/kg of body weight for adults per day (about half of this is provided by the body) and 10 ug for infants.

Deficiency:

Deficiency of Vitamin K is rarely seen after the first few months of life.  HAEMORRHAGIC DISEASE may develop in new-born babies, who are prone to low reserves of Vitamin K and breast and cows milk contain little.  This disease manifests itself by abnormal bleeding.  Vitamin K is now given routinely to newborn babies in the UK.  

A mild deficiency leads to prolonged clotting time.  A severe deficiency means that the blood will fail to clot and if this is not treated it leads to loss of life.

Excess:

Excess amounts of Vitamin K do not appear to be a problem.

[image: image24.wmf]
Questions:

1. Where can you obtain Vitamin K?

___________________________________________________________________________________________ (2)

2. What is the function of Vitamin K?

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

The B Vitamins

The B group vitamins are largely concerned with the release of energy from food.  They are all soluble to some extent in water and since the body lacks the capacity for storing them, any excess is excreted in the urine.
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[image: image26.wmf]Sources: 

Thiamin is found in all cereal grains.  Most of the Thiamin is found in the germ and bran of the grain and therefore white flour contains less than wholemeal flour.  Because of this thiamin is added to white flour by law in Britain.  It is also added to most breakfast cereals.

Other sources are brown rice, meat (especially bacon, ham and pork), potatoes, peas, beans, nuts and milk.  The most important sources in the British Diet are bread and other cereal foods, meat, milk and potatoes.

[image: image27.wmf]Functions:
· Essential for the release of energy from carbohydrates (thiamin acts as a co-enzyme – aids enzyme activity such as the utilisation of carbohydrate, alcohol and fat).
· Essential for the upkeep of nerves.

· Necessary for appetite and good health.

Requirements:
Since thiamin is needed for the oxidation of glucose the amount required by the body is related to the amount of carbohydrate in the diet.  RNI’s for thiamin:

· Adult man 19-50 years = 1.0mg 

· Adult woman 19-50 years = 0.8mg

[image: image28.wmf]The requirement for woman is less because body mass is usually less resulting in a low energy requirement, therefore lower thiamin requirement.

Deficiency:

· Retarded growth.

· Fatigue, depression and irritability. 
· Beriberi – this is a nervous disease associated with loss of appetite, leading to reduced food intake and in time enlargement of the heart may occur.  The nervous system is badly affected and this may cause partial paralysis and muscular weakness.  Beriberi rarely occurs in Western Diets, although it has been found in anorexics and alcoholics.  A high intake of alcohol increases the requirement for thiamin as thiamin is needed to break down alcohol in the body.

Excess:

If an excess of thiamin occurs the body excretes it.

Factors affecting absorption and bioavailability:

· Protein and amino acids protect thiamin in food.

· Starch aids its absorption

Effects of cooking and storage:

· Thiamin is soluble in water so for example 20% of thiamin is lost when potatoes are boiled.

· Thiamin decomposes at high temperatures; particularly in alkaline conditions e.g. meat loses 40% of thiamin when roasted.  The loss on baking foods is greater if an alkaline substance, such as bicarbonate of soda, is used as a raising agent.
[image: image29.wmf]Riboflavin (B2)

Sources:
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Good sources of Riboflavin include cheese, liver, kidney and eggs.  It is also found in milk, meat, potatoes and green vegetables.  Liver is a very rich source.  Riboflavin is found in bread and cereals but to a lesser extent than thiamin.  Although, like thiamin, it is added to most breakfast cereals.

Functions:

· [image: image31.png]


The function of riboflavin is similar to that of thiamin.  It forms part of the enzyme system concerned in the oxidation of glucose and the release of energy in body cells.  Releases energy from protein, carbohydrates and fat.

· Essential for the upkeep of tissues e.g. skin, eyes. 
· Necessary for growth and good health.

Requirements:

Requirements are related more closely to body weight than to energy intake.

RNI’s:

15-18 year old male = 1.3mg per day (body mass is greater)

15-18 year old female = 1.1mg per day.

Increases during pregnancy (1.4mg per day) and lactation (1.6mg per day).
Deficiency:

Deficiency affects the eyes, lips and tongue.  Cracks appear at the corner of the mouth, the tongue becomes red and swollen.  In severe cases blood vessels invade the cornea of the eye.  These symptoms are not, however, specific to riboflavin deficiency; they may be caused by a lack of other B vitamins or by other means.

Excess:

If an excess of riboflavin occurs the body excretes it.

Factors affecting absorption and bioavailability:

[image: image32.wmf]Absorbed in the intestine.

Effect of cooking:

· Riboflavin is slightly soluble in water. 
· It is fairly stable to heat, although less stable in alkaline conditions.

· Overall loss during cooking is small, much less than that of thiamin.

Effect of sunlight:

Riboflavin is sensitive to light.  Milk, the most important source of riboflavin in many peoples diet, loses riboflavin at the rate of about 10% per hour if left in direct sunlight e.g. on door step.
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[image: image34.wmf]Sources:

· Liver, beef, pork, mutton and fish. 
· Fortified breakfast cereals.

· Some is made in the body.

Functions:

· Involved in the release of energy from food.

· Essential for healthy skin.

· Prevents Pellagra (deficiency disease).

Requirements:

RNI’s:

15-18 year old male = 18 mg/day

19-50 year old male = 17 mg/day

15-18 year old female = 14 mg/day

19-50 year old female = 13 mg/day
Deficiency:
· Severe deficiency can lead to Pellagra – symptoms are diarrhoea and mental disorders.  Rare in Western world, as it is associated with low living standards.

· A mild deficiency causes weakness, weight loss and depression.

Excess:

Excess amounts can lead to liver damage and high doses cause dilation of arteries and reduction of blood lipids.

Factors affecting absorption and bioavailability:

· Readily absorbed in the small intestine.

· Alcohol inhibits metabolism of niacin

· Sleeping pills and food processing destroy the vitamin.

Factors affecting the Vitamin:

· Niacin can be made in the body from the amino acid Trytophan.

· It is soluble in water and small amounts are lost during cooking.

· More resistant to heat.

[image: image35.jpg]


 (Pyridoxine)

Sources:

Vitamin B6 is found in a variety of foods:

· Meat 

· Fish

· Eggs

· Poultry





· Breakfast cereals

· Offal

Micro-organisms in the intestine synthesis the vitamins, some of which may be available to the body.

Functions:

Vitamin B6 is involved in the metabolism of amino acids, including the conversion of tryptophan to niacin; the requirements are thus related to the protein content of the diet.  The vitamin is also necessary for the formation of haemoglobin.
Requirements:

Requirements are related to protein intake.  

· RNI for males (11+) = 1.2mg – 1.5mg per day

· RNI for females (11+) = 1.0mg – 1.2mg per day
Deficiency:

Rare in humans but may occur as a complication of disease or drug effects or alcoholism.  Vegetarians may have a problem meeting the requirements.

Excess:

Very high intakes (more than 50mg) are potentially dangerous as they can affect sensory nerve function.
Vitamin B12 (Cobalamin)
Sources:

Dietary intake is exclusively from animal sources:

· Meat

· Milk, cheese and yogurt

· Fish 

· Eggs

· Fortified breakfast cereals
Functions:

· Together with folate it is needed by rapidly dividing cells such as those in the bone marrow which form blood cells.

· Together with folate and B6 it is required for the maintenance of normal blood homocysteine levels.
· It is also needed for the normal structure and function of nerves.

Homocysteine – an amino acid which is known to damage cells (toxic).   It increases the risk of CHD and cancer.

Requirements:

RNI for teenagers and adults = 1.5 µg/per day.
Deficiency:
Deficiency is rare, although it is sometimes seen in vegans who obtain virtually no Vitamin B12 in their diet unless it is supplemented.  Deficiency is also caused by the lack of intrinsic factor – the substance needed for the absorption of Vitamin B12.  This leads to a type of anaemia in which red blood cells are enlarged and to neurological damage.

Excess:
No toxic effects have been reported in humans.


Folic acid is the parent molecule for several related compounds known collectively as folates or folate.

Sources:

Foods rich in folate include liver, green leafy vegetables and, to a lesser extent, kidney, nuts, pulse vegetables, flour and cereal foods.  Folate is added to many breakfast cereals by manufacturers (fortified).
Functions:

· Essential for the growth and health of all cells in the body.

· Needed for the formation of red blood cells.

· Needed for the formation of nerve sheaths.

· Helps to prevent neural tube defects such as spina bifida during pregnancy.

Requirements:

· RNI for adults = 200 µg/day
· During pregnancy = 300 µg/day

· During lactation = 260 µg/day

It is recommended by the Chief Medical Examiner that all women likely to become pregnant should increase their folate intake by eating more folate rich foods and foods fortified with folate.  It is also recommended that women planning a pregnancy should take a daily supplement of 400 mg/day of folic acid from the start of trying to conceive to the 12th week of pregnancy.  

This is to try and reduce the incidence of neural tube defects occurring in the fetus.  The neural tube develops into the spine and neural tube defects occur when the brain and skull and/or the spinal cord and its protective spinal column do not develop properly within four weeks after fertilisation.

Deficiency:

A dietary deficiency causes a characteristic type of anaemia – MEGALOBLASTIC ANAEMIA where the blood cells are larger and fewer than normal.

A low intake during conception and pregnancy increases the risk of babies being born with neural tube defects such as Spina Bifida. 

Effect of Cooking:

· Folate is readily lost during most cooking processes – it is water soluble and destroyed by heat.
· Up to 90% is lost in green vegetables when they are boiled.
Questions: 

1. What is thiamin essential for?

__________________________________________________________________________________________________________________________________________ (3)

2. What are the main sources?

__________________________________________________________________________________________________________________________________________ (2)

3. What is caused by a deficiency in Thiamin?

__________________________________________________________________________________________________________________________________________ (2)

4. What can a deficiency in Niacin lead to?

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

5. Why is Vitamin B6 important?

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

6. What are the sources of Vitamin B12?

___________________________________________________________________________________________ (2)

7. What are the functions of Folic Acid?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (4)

8. Thiamin, riboflavin and niacin are the main B vitamins necessary for the release of energy in body cells.  Explain the sources and functions of two of these vitamins.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (10)

Vitamin C (Ascorbic Acid) 
Sources:

Found almost entirely in fresh fruit and vegetables (not in dried fruit or pulses).  The amount of Vitamin C in fruit and vegetables varies greatly e.g. blackcurrant s have 200mg of Vitamin C per 100g whereas bananas have only 10mg of Vitamin C per 100g.

Very good sources:

Blackcurrants, rosehips and parsley.


Good sources:

Citrus fruits – oranges, lemons and grapefruit.

Berries – strawberries, raspberries and blackberries. 
Dark green vegetables – Brussels sprouts and cabbage.

Poorer sources:
Apples, pears, plums and carrots.

Although, blackcurrants, rosehips and parsley are very good sources of Vitamin C they are not important sources as:

· Their use is limited in cooking

· Season they are available is short

Potatoes, while they do not contain large amounts of Vitamin C, are an important source of Vitamin C in the UK diet due to the quantity of them eaten.  They make a big contribution to the total Vitamin C in the average British diet.  New potatoes (autumn) contain a lot more Vitamin C (15mg per 100g) than old potatoes (10mg per 100g).

Synthetic Vitamin C which is equally valuable is added to many manufactured foods including some fruit juices and fruit drinks.  Fruit juice provides 1/5 of our Vitamin C and soft drinks which include squashes and carbonated drinks provide a further 7%.
Functions:

· Is needed to make collagen, the protein in connective tissue which binds the body cells together.
· Aids the absorption of non-haem iron.  Vitamin C is a reducing agent and therefore can convert non-haem iron (Fe3+) to haem iron (Fe2+).

· There is also evidence to suggest that Vitamin C possibly has a protective role against cancer and CHD through its antioxidant qualities.  It helps destroy free radical substances in the body.  

· Assists in the building of strong bones and teeth.

· Required for the building and maintenance of the skin and the linings of the digestive system.

Requirements:
Vitamin C cannot be stored in the body so a regular intake is necessary.  RNI’s range from 25mg/day for infants to 70mg/day for lactating mothers.  The RNI for adult men and women is 40mg/day.

Note:

· If body is under stress, Vitamin C is used up more quickly e.g. after major surgery, severe accident; recovery is aided by larger than normal intakes.

· Smoking reduces Vitamin C levels in the body, so smokers need more.

· Aspirin prevents total absorption of Vitamin C.

· It is claimed by people that massive doses of ascorbic acid, 1000mg/day or more, may alleviate some of the symptoms of common cold but these claims are still being assessed.  Mega doses such as these can only be obtained by taking supplements.

Deficiency:
· Scurvy – symptoms are bruising and haemorrhaging under the skin, gums black and spongy, teeth start to loosen, wounds and fractures fail to heal and old wounds may open up.

· Anaemia due to failure to absorb iron.

A deficiency of Vitamin C is not very common in the UK.  There are some groups, however, which may be vulnerable:

· The elderly – loss of appetite, housebound, lack of knowledge, cannot be bothered to cook.

· People on a low income/students – cannot afford to buy fresh fruit and vegetables.  Tend to buy inexpensive foods which are high in carbohydrates and fat.
Excess:

If very large doses are taken, it can lead to kidney stones.  Such doses could only be taken by supplementation.  If such supplementation is stopped suddenly, deficiency symptoms can appear.

Stability of Vitamin C:

Vitamin C is not very stable and is readily destroyed during cooking.  This means losses on storage, preparation and cooking.  The two main causes of Vitamin C destruction relate to:

· The solubility of Vitamin C

It is very soluble in water and therefore leaches out into water in those foods which are left after preparation and left in cooking water.  Methods of cooking which does not use water are better e.g. steaming, roasting, stir-fry.

· The oxidation of Vitamin C.

Oxidation is a reaction in which an element or compound combines with oxygen.  Oxidation of Vitamin C occurs when cut surfaces of foods containing Vitamin C are exposed to air.

Oxidation occurs most rapidly in:

· Alkaline conditions – e.g. adding bicarbonate of soda when boiling cabbage to increase colour and texture.

· At high temperatures (60-85oC) – cook vegetables at a high temperature for as short of time as possible to conserve Vitamin C content.

· Exposure to light – cover food while cooking and store vegetables in a dark place.

· Presence of metals like zinc, copper and iron.

Oxidation results in Ascorbic Acid being changed to Dehydroascorbic Acid (this has some vitamin activity) but oxidation beyond this point results in the vitamin being useless to the body.  Acid slows down the rate of oxidation e.g. vinegar.

Ascorbic acid oxidase is an enzyme, present in plant cells, which increase the rate of oxidation.  In incomplete cells the enzyme is separated from the vitamin but when fruits and vegetables are bruised, cut or chopped the enzyme comes in contact with the ascorbic acid and the ascorbic acid is destroyed.  However, the enzyme is inactivated at temperatures above 60oC and is therefore destroyed during cooking.  In the absence of the enzyme, oxidation can still take place but the rate is reduced.
The amount of ascorbic acid lost during the preparation and cooking of fruit and vegetables depend very much on the methods used.  Unless care is taken losses of ascorbic acid may be very large.

Preserved foods and Vitamin C:
There is about 50% loss of Vitamin C during the canning of fruit and vegetables but a greater loss during drying.  Frozen foods retain most of their Vitamin C.  Frozen vegetables may have more Vitamin C than fresh vegetables as they are frozen within hours of harvesting, whereas so called fresh vegetables, unless they are home grown, are probably two to three weeks old when bought.  There is a gradual loss of Vitamin C in frozen vegetables during storage.
Vitamin C – Past Paper Questions

1. Many people take vitamin C supplements during the winter months.  Evaluate this decision (4)

· Conflicting research regarding benefits

· May be an expensive form of obtaining ascorbic acid

· Good balanced diet should provide enough even in the winter months

· May boost the immune system, particularly in the elderly and young children

2. Evaluate microwave cooking as a means of cooking vitamin C vegetables (4).

Microwave cooking and ascorbic acid:

· Uses minimum water, therefore no leeching as Vitamin C is water-soluble.

· Short method of cooking – prolonged heating increases the amount of oxidation.
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