Mineral Elements
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Mineral elements are those chemical elements, other than carbon, hydrogen, oxygen and nitrogen, which are required by the body.  They are present in food, mostly in the form of inorganic salts e.g. sodium chloride, but some are present in organic compounds e.g. sulphur and phosphorus and constituents of many proteins.
Mineral elements account for approximately 4% of body weight.  Some, such as calcium and phosphorous, are present in the body in relatively large amounts and are known as major elements or macro minerals, whereas others occur in very small quantities and are known as trace elements.

Minerals have three main functions in the body:

· Calcium, phosphorus and magnesium are constituents of bones and teeth.
· Some elements are present as soluble salts which help control the composition of body fluids.  These include potassium and magnesium present inside body cells and sodium and chlorine in the fluid outside cells.

· Many of the trace elements are concerned in enzyme systems in the body.
Major mineral elements:


Trace mineral elements:

Calcium





Fluorine
Phosphorous




Iodine

Magnesium





Iron

Potassium





Selenium
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Sodium





Zinc
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Sources:

· Milk and milk products such as cheese and yogurt.  Calcium from this source is very well absorbed by the body.
· [image: image4.wmf]Flour (white) and products made from it e.g. bread.  White bread, by law, has to be fortified with calcium carbonate. 
· Small fish e.g. sardines

· Fruit and vegetables contain variable but usually quite small amounts of calcium.

· Dried figs and nuts e.g. almond and Brazil.

· Hard drinking water can be a good source of calcium – depending on the area you live.
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Functions:
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Calcium is needed for the formation and development of bones and teeth.  Bone is made of cartilage (protein – collagen) which forms a framework upon which calcium phosphate is deposited.  The skeleton is constantly renewed throughout life – bones go through continual re-modelling, replacing old bone for new.  An adult’s skeleton is replaced every 7 to 10 years and children replace theirs every 2 years. 
· Clotting of blood.

· Normal functioning of nerves and muscles.

Please note - Calcium, phosphorus and Vitamin D have a reciprocal relationship.  Their functioning depends on one another.
Requirements:

RNI’s for calcium vary from 350mg/day for 1-3 year olds to 1250mg for breastfeeding women.  The RNI for adult males and females is 700mg.  No increases are recommended during pregnancy as the body is a self regulating machine which means that during pregnancy the body can make better use of the available calcium.

Deficiency:
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These are similar to the effects of a deficiency of Vitamin D.

· In children it can result in Rickets (long bones bend under body weight leading to knock knees and bow legs).

· In adults it can result in Osteomalacia (bones are soft, weak and painful).  May develop after repeated pregnancies, if diets have been poor.

· [image: image8.jpg]


Osteoporosis is not strictly speaking a deficiency disease in that it cannot simply be caused by not eating enough calcium-rich foods and cannot be cured by eating calcium rich foods.  However, high levels of calcium and Vitamin D, particularly up to the age of 30-35 years, is thought to offer some protection against osteoporosis.
Excess:

In susceptible people it can result in kidney stones.

Factors which assist calcium absorption:

· Only 1/3 of the calcium needs eaten is absorbed and used by the body.  The remaining 2/3 passes through the alimentary canal and out of the body in the faeces.  Absorption increases when diet is low in calcium.
· Vitamin D – very important for calcium absorption.  Without Vitamin D very little/no calcium is absorbed.  Symptoms of a deficiency of Vitamin D are similar to those of calcium deficiency.  

· [image: image9.wmf]Age and condition – the body has a self regulatory mechanism which helps control calcium absorption from the intestine.  If calcium needs are high e.g. if bone growth is occurring in childhood or pregnancy or if increased amounts of calcium are lost, absorption will be increased to make more efficient use of the calcium.

· Source – calcium from milk and milk products is made better use of in the body as more is absorbed.  It is thought that lactose aids calcium absorption.  Calcium from plant sources is less efficiently absorbed.

· Acid environment – an acid environment improves solubility and therefore absorption of calcium.

Factors which reduce calcium absorption:
· Source – calcium from plant sources not as well absorbed.  The bran of cereals contains phytic acid which forms an insoluble complex with calcium called Calcium Phyate thereby reducing absorption.  Oxalic acid found in spinach and rhubarb also form an insoluble complex called Calcium Oxalate again reducing absorption.  However, spinach and rhubarb do not constitute a large part of our diets.
· Dietary fibre content of the diet – calcium can bind with dietary fibre and as a consequence can be lost from the body in faeces; the diet must contain a lot of dietary fibre for this to have a significant effect.

Effect of Cooking:

Cooking has little effect on the calcium content of foods.

Groups with Special Requirements:

· Children, pregnant and breast feeding women.

· Elderly often lack calcium – may be due to lack of Vitamin D, poor appetite and poor diet.

· Vegans – difficult to meet RNI if dairy foods and milk are excluded from the diet.
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Questions:
1. List four sources of calcium.
___________________________________________________________________________________________ (4)

2. Outline three functions of calcium in the body?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (3)

3. What three nutrients work together and depend on each other for their function?

____________________________________________ (3)

4. What are the three diseases which can result in a deficiency of calcium?
____________________________________________ (3)
5. What are the effects of rickets?
__________________________________________________________________________________________________________________________________________ (2)

6. Describe Osteomalacia below:

___________________________________________________________________________________________ (2)

7. Describe two factors which assist the absorption of calcium below:

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (4)

8. Complete the following:

Calcium from ____________ sources not as well absorbed.  The bran of _____________ contains ___________ acid which forms an insoluble complex with calcium called C___________ P__________ thereby reducing absorption. 



(5)

9. What other factor affects the absorption of calcium?

_________________________________________________________________________________________________________________________________________________________________________________________ (2)

10. List five groups of people who have special requirements for calcium.

___________________________________________________________________________________________ (5)
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Phosphorus is a non-metallic chemical element which exists in different forms.  The most common form is a yellow, poisonous, waxy substance, which burns slowly at room temperature, and no animal or plant can exist without it.

Sources:

Phosphorus can easily be obtained from foods as it is available from many types of foods.  It is especially abundant in:
· [image: image14.wmf]Milk and other dairy products.
· Meat
· Fish 

· Green vegetables

· [image: image15.wmf]Many carbonated drinks e.g. coke, lemonade

· Bread

· Cheese

· Legumes

· Whole grains e.g. brown rice

Since phosphorus occurs in all living cells it is found in all natural foods.  Phosphorus also forms part of proteins and is often used as an additive in manufactured foods.  Most foods which are rich in calcium or protein are also a rich source of phosphorus.
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Functions:

· Phosphorus is the second most abundant mineral in the body after calcium.  85% of it is combined with calcium, to form calcium phosphate, which gives strength to bones and teeth.

· Phosphorus is part of the nucleic acids (DNA and RNA), which is in the form of Phosphoric Acid.  These carry the instructions for new cell formation and so are necessary for growth.
· Phosphorus is essential for the production of energy in the body.  Energy is produced by the oxidation of glucose which is stored in cells and in high energy phosphate compounds (ATP – adenosine triphosphate).  When these compounds are broken down, energy is released.

· Many enzymes and B Vitamins need phosphorus to function, and it is also the key to the metabolism of carbohydrates, proteins and fats.

Requirements:

Phosphorus is needed in the body in quite large amounts as it can be lost during cooking.  RNI’s are as follows:

Children:

Birth to 12 months


400mg per day

1-3 years




270mg per day

4-6 years




350mg per day

7-10 years




450mg per day

Males:

11-18 years



775mg per day

19+ years




550mg per day

Females:

11-18 years



625mg per day

19+ years




550mg per day
Women who are pregnant just need the amount required normally depending on their age, while women who are lactating need an extra 440mg per day added on to their normal amount suggested due to the demands of both mother and baby.

Deficiency:
Since phosphorus occurs in all living cells it is widely available in foods and so far a deficiency has never been recorded.

[image: image17.wmf]Excess:

People, who drink too much carbonated drinks like coke or eat too much meat, can cause problems according to the phosphorus content.  Excess phosphorus in the body can interfere with the absorption of iron and it can also upset the calcium/phosphorus ratio (1:1).  This means the ability to use calcium in the body is reduced, as it may combine with the fat present in foods, and this may lead to osteoporosis.  This is because the calcium and phosphorus cannot combine to make calcium phosphate.

Interaction with Calcium:
85% of phosphorus in the body combines with calcium to form calcium phosphate, the source of strength in bones and teeth.  Phosphorus and calcium should be taken into the body on a 1:1 ratio.  If more calcium or phosphorus is taken into the body than the other one, it will affect the absorption of calcium.

Phosphorus can also help the absorption of iron into the body.

Effects of Cooking:

When food is cooked in water, the phosphorus present in that food leaches out into the water.  Unless the water is used to cook the food is made into a gravy or sauce, the nutritive value of phosphorus in that food is destroyed.
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Questions:

1. List six sources of phosphorus.

___________________________________________________________________________________________ (6)

2. Complete the following:

Since phosphorus occurs in all l_________ c_______ it is found in all n_________ foods.  Most foods which are rich in c___________ or p___________ are also a rich source of phosphorus.








(5)

3. Describe the four functions of phosphorus below:
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (8)

4. Why has a deficiency in phosphorus never been recorded?
___________________________________________________________________________________________ (2)

5. What can an excess of phosphorus interfere with?
__________________________________________________________________________________________________________________________________________ (2)
6. Complete the following:

85% of p_____________ in the body combines with c___________ to form calcium p______________, the source of strength in bones and teeth. 


(3)
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Magnesium is a mineral that is essential in the daily diet.
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Sources:

Magnesium is found in a variety of different foods mainly dark green leafy vegetables, providing two thirds of magnesium in the British diet.  It is found in chlorophyll (the green pigment in plants) in the chloroplasts of the leaves.  Meat is also a good source of magnesium in the diet as a consequent of animals eating grass and other vegetation.  Other good sources include milk and dairy products, cereals, white and wholemeal bread and flour, nuts, seeds and canned fish.  Hard water and mineral water may also supply it in fair quantities.
Functions:

· The approximate adult body content of magnesium is 25g; found mainly in bones as magnesium phosphate, it helps with the formation of bones and teeth and is therefore essential for growth.  It also influences calcium levels inside cells and helps transport sodium and potassium across the cell membrane.

· Magnesium is present in cell fluids and is needed for activity of some enzymes, thus assists in the control of the muscle tone of the heart and blood pressure.
· Magnesium is involved in the synthesis and manufacturing of proteins.
· [image: image21.jpg]


Magnesium is needed for cellular metabolism; it is present in ionic form in all tissues where it plays a part in many reactions involved in the production, transport and utilisation of energy.

· Magnesium assists in the regulation of body temperature. 
· Magnesium helps transmit electrical impulses across nerves and muscles, which generate a neuromuscular contraction causing your muscles to flex, where calcium stimulates the muscles, magnesium is used to relax the muscles.

· [image: image22.wmf]Helps with the formation of bones and teeth (magnesium phosphate)

· In the cells of the body magnesium is involved in energy transfer and a wide range of metabolic processes in nerve and muscle tissues especially.

· [image: image23.png]


Also needed for normal heart function. 
Requirements:

RNI’s:

Males

15-18 years

300mg

19-50 years 

300mg

50+ years


300mg

Females

15-18 years

300mg

19-50 years 

270mg

50+ years


270mg

Pregnancy
No increase

Lactation
0-4 months

+50mg

4 months +


+50mg

Factors affecting absorption and effects of deficiency:

The average British diet provides the RNI for magnesium adequately and the body regulates absorption very efficiently.  Dietary intakes above 2mg per day pass through the body unabsorbed, below this level, absorption rate increases as the intake decreases and hence deficiency rarely occurs.
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If magnesium intake is low the body conserves magnesium by reducing the amount excreted via the kidneys.  If a deficiency does occur it is likely to be a result of illness, not a low intake, e.g. excessive losses during bouts of diarrhoea.  Symptoms of deficiency are initially hard to recognise as magnesium is withdrawn from the bones for other uses.

[image: image25.wmf]Later shortages lead to muscle weakness, poor nerve-muscle interaction, rapid heartbeat, seizure, apathy, fatigue, insomnia, lethargy, depression, irritability and in extreme cases heart attack.  It may also be a contributing factor to bed wetting in children.
Deficiency can also occur in alcoholics or people whose magnesium absorption is decreased due to surgery, burns or problems with malabsorption.  It has also been found that people under stress and diabetics may also have low magnesium levels.

Excess:

Toxic symptoms from increased magnesium intake are not common because the body eliminates excess amounts.  Although, signs may include vomiting, extremely low blood pressure, extreme muscle weakness, difficulty breathing and heartbeat irregularity.  Magnesium excess almost always occurs when magnesium is supplemented as a medication.  People with kidney or heart problems should check with their doctor before taking a magnesium supplement.
Interactions:
Magnesium assists in the absorption of calcium and potassium but the body may lose magnesium due to excessive calcium intake.  Together with Vitamin B12 it may prevent calcium oxalate kidney stones.  Magnesium also assists the parathyroid gland to process Vitamin D and a shortage here can cause absorption problems with calcium.
Effects of cooking/processing:

Magnesium is lost in cooking some foods even under the best conditions.  To retain magnesium cook foods in a minimal amount of water and for the shortest possible time.
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Questions:
1. What is the main source of magnesium in the British Diet?

____________________________________________ (1)

2. List four other sources.

· ___________________________

· ___________________________

· ___________________________

· ___________________________



(4)

3. Complete the following:

· Magnesium helps with the formation of __________and teeth and is therefore essential for____________.  
· It also influences ____________levels inside cells and helps transport sodium and potassium across the cell___________.
· Magnesium is present in c_______ fluids and is needed for activity of some _____________.
· Magnesium is needed for cellular m________________.

· Magnesium assists in the regulation of body __________________. 
· Magnesium helps transmit ______________ _______________ across nerves and muscles.

· Helps with the formation of b_________ and teeth (magnesium phosphate)

· Also needed for normal ___________function. 
(12)
4.  Why are excess amounts of magnesium not common?
___________________________________________________________________________________________ (2)



[image: image27.wmf]Sources:

· Found in all foods except sugars, fats and oils.

· Unprocessed foods contain more than processed foods.

· Foods especially rich are fruit (e.g. bananas, grapefruit), vegetables, fruit juices, milk, meat, bread, fish, nuts and seeds.

· Main UK sources are milk, meat, fruit and vegetables.

Functions:

Potassium is essential for:

· Converting blood sugar into glycogen, the storage form of blood sugar in the muscles and liver.

· Promoting regular heartbeat.

· Promoting normal muscle contraction and in the propagation of the nerve impulse.

· Regulating the transfer of nutrients to cells.

· Maintaining water balance in body tissues and cells.

· Preserving or restoring normal function of cells.

· Facilitates the body’s ability to deal with excess sodium.

Requirements:

RNI for adults and teenagers is 3500mg/day

Nutritionists have recommended a decrease in sodium intake and an increase in foods high in potassium.

Deficiency:

The deficiency of Potassium is not usually a problem in the UK but it can occur if potassium is not absorbed or if some drugs are taken which increase potassium losses.  Also excessive fluid lost through sweating, diarrhoea or urination is a common cause of potassium deficiency. 

However, deficiency symptoms are:

· Muscular weakness, mental confusion, low blood pressure and life threatening irregular or rapid heartbeat that can lead to cardiac arrest and death.

Excess:

May counteract the effects of a high sodium intake and reduce the likelihood of developing high blood pressure.

Excess is dangerous especially if the kidneys are not functioning properly.

Factors affecting absorption:

Tobacco, sugar and coffee all decrease the absorption of potassium.

Effects of Cooking:

· Normal potassium content is reduced when foods are canned or frozen.

· Avoid peeling food.

· Avoid cooking in large amounts of water.

· Keep meat drippings as gravies.

· Foods should be cooked for the shortest possible time.

Interactions:

Potassium and sodium work together in the body to maintain muscle tone, blood pressure, water balance and other functions.  Many researchers believe the part of the blood pressure problem caused by too much salt may be made worse by too little dietary potassium.

[image: image28.wmf]
Questions:

1. List six sources of potassium.

___________________________________________________________________________________________ (6)

2. Describe four functions of potassium.

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (4)

3. What effect will an excess of potassium have?

____________________________________________ (2)
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Sources:
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Sodium is mainly obtained from sodium chloride, which is common salt.  Salt is made up of 40% sodium and 60% chloride.  For thousands of years salt was added to food to preserve it and when more efficient methods of refining salt were discovered in the 19th century salt became cheaper and more widely available and we developed a liking to its taste.

We consume sodium chloride from salt added to foods during processing, home cooking or at the table.  Most raw foods contain very small amounts of sodium chloride but during processing, preparation, preservation and serving of food salt is sometimes added.  About 70% of salt in the diet comes from foods (mostly manufactured) and about 30% is added during cooking and at the table.

It's the sodium in salt that can be bad for your health.  Sodium is usually listed in the nutritional information on food labels. Salt is also listed on some foods, but not all.

Salt = sodium x 2.5

Functions:

· Both sodium and chloride are essential constraints of body fluids and are required to maintain fluid balance.  Also required to control the movement of fluid between different body components.

· Sodium is also needed for enzyme activation in the body and the transport of CO2 in the body.

· It also helps to conduct nerve impulses and bring about muscle contraction including heartbeat.

Requirements:

It is recommended that we should have no more than 6g of salt per day.

6g of salt is about a teaspoonful. This is not a large amount, especially when you consider that 75% of the salt we eat is already in everyday foods.
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It may be necessary for athletes and people working in hot, heavy industries to take extra salt because they will lose a lot through sweat.

Deficiency:

Salt is lost from the body through sweat, but this cannot be prevented.  During strenuous exercise or in hot weather large amounts of salt may be lost through sweat.  This cause the concentration of salt in the tissue fluids to lower which leads to weariness and muscular cramps.  A deficiency of salt can also lead to fatigue and nausea and may also cause the person to become thirsty.
Excess:

High sodium intake has been associated with health problems such as high blood pressure and heart disease.
However, excess salt is excreted in the urine.  The kidneys regulate the loss and so control the level of sodium and chloride ions in the tissue fluids.  Babies cannot tolerate high sodium intakes because their kidneys cannot excrete the excess.  They therefore should not to given salty foods.  If there is too little water in the body, the sodium concentrate could be too high.

Excess could also lead to oedema where there is fluid retention in the body.  This is where there is too much fluid (mainly water) in the body tissues causing swelling.

Some ways of reducing salt intake:
· Use less salt in cooking.  Get flavour from pepper or spices.

· Eat less high sodium foods such as canned meat and vegetables, but eat more fresh home made foods.

· Eat less salty snacks such as peanuts and crisps.

· Try reduced salt versions of canned foods such as vegetables.

· If cutting down on salt, salt substitutes are available.  However, these are not suitable for people with kidney complaints.

· Gradually reduce the amount of salt added to your food at the table.  Your taste buds will quickly adjust to the natural flavour of the food.
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Questions:
1. What is salt made up from?

____________________________________________ (1)

2. Complete:

It is the ____________ in salt that is bad for your health. (1)

3. What are the three main functions of sodium?

a) _____________________________________________

_____________________________________________________________________________________________________________________________________________

b) _____________________________________________

_______________________________________________

c) _____________________________________________

____________________________________________ (6)
4. How is salt lost from the body?

____________________________________________ (1)

5. What are the symptoms of a deficiency in sodium?

___________________________________________________________________________________________ (3)

6. What are the effects of excess sodium in the diet?

_________________________________________________________________________________________________________________________________________________________________________________________ (3)

7. List three ways of reducing salt intake.

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (6)
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Sources:

Fluorine is found naturally in tea, sea water fish and in some parts of the country in water supply.  These are the only sources in which fluorine is found naturally, and even at that, there is only a small amount of fluorine in these sources.  Most fluorine is found in dietary supplements, fluoridated toothpastes and mouth washes and also in fluoridated water.  This type of water will provide at least 1mg of fluorine daily.

Functions:

· [image: image34.jpg]


Fluorine is usually regarded as an essential element although with the exception of its role in protection against dental deformities, no essential function has been proven in humans, and so there are no exact daily requirements; just guidelines.
· Fluorine is important in strengthening teeth against decay.  It is thought to combine with the protective enamel coating of the teeth, making them more resistant  to attack by the acid produced in the mouth.  
· Fluorine forms calcium flurapatite, which increases the bone mineral, and decreases its solubility to acid.  This property of fluorine is proven to contribute to the resistance of teeth to dental cavities – the addition of 1mg to population drinking water results in a reduction of 50% in dental decay amongst children.
Requirements:

The strengthening effect that fluorine has on the teeth is only of value when teeth are developing in children.  Only minute quantities are required to do this.  Too much can cause all sorts of problems:

· an upper limit of intake for infants and young children has been set at 0.05mg per day, which is 50% of the amount likely to cause mottling (patchy skin colour).

· At 1,2 and 3 years of age, the recommended intake is between 1 and 1.5mg per day.

Deficiency:
This is rare, but in extreme cases, the enamel on the teeth will weaken, and also the chance of dental cavities will be increased.

Excess:
If too much fluorine is taken into the body, fluorine toxicity, or fluorosis can occur.  This is where the fluorine manifests in dental tissue and therefore leaves the teeth with a mottled appearance.  At levels of 2 ppm to 8ppm (parts per million), the teeth may soften as well as discolour, and at over 8ppm fluorine toxicity can depress growth, harden ligaments and tendons, make bones brittle, and induce degeneration of major body systems.

At an intake of over 50ppm, this may cause fatal poisoning. However, this is very unlikely, unless a very large amount of water that contains a high percentage of fluorine is being drunk on a regular basis, along with fluorine supplements being taken.  
Interactions:

By combining with calcium phosphate, fluorine hardens tooth enamel, and so will then help to guard against tooth decay.
Supplements:
Fluorine supplements can be taken in the form of drops or tablets.  These supplements are available for people who have no access to fluoridated water.  Ideally, supplements should begin from birth to cover the whole of the tooth mineralization period.

[image: image35.wmf]Iodine

Sources:

Milk and milk products are a major source of iodine.  Seafood is a good source but fruit and vegetables and cereals may contain variable amounts depending on the iodine levels in soil.  The iodine content of milk and meat depend on the iodine level in animal feed.

Functions:

· Iodine is required by the thyroid gland for the formation of thyroid hormones involved in the regulation of the rate of oxidation of nutrients in body cells.

· Thyroid hormones are needed to help maintain metabolic processes as they contribute to the control of body weight, cellular metabolism and the integrity of connective tissue.

· During the first three months of gestation iodine is required for the development of the nervous system.

Requirements:

RNI for teenagers and adults – 150 µg/day

Deficiency:

· [image: image36.jpg]


Deficiency leads to a modification in the production of thyroid hormones, which can cause a change in metabolic rate.

· In cases of deficiency lethargy and swelling of the thyroid gland in the neck to form goitre is common.  (This is rare in the UK but a common condition in certain parts of the world).

· Infants born to mothers deficient in iodine are likely to suffer cretinism, a syndrome of dwarfism and mental retardation.

Excess: 

· The body does not absorb excess iodine.

Factors affecting absorption and bio-availability:

Cabbage and some other vegetables (e.g. turnip) contain substances known as goitrogens, which reduce the absorption of iodine.  Excess consumption of these vegetables over a period of time can cause goitre.

Questions:
1. What are the major sources of iodine?

____________________________________________ (2)

2. Complete the following:

· Iodine is required by the ___________gland for the formation of thyroid hormones involved in the regulation of the rate of ____________ of nutrients in body cells.

· Thyroid hormones are needed to help maintain metabolic processes as they contribute to the control of body____________, cellular metabolism and the integrity of ______________tissue.

· During the first three months of gestation iodine is required for the development of the ________________ system.



(5)
3. Explain the consequences of a diet deficient in iodine.
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________(6)

Selenium

Selenium is an essential trace element, which is present in most foods.

[image: image37.wmf]
Sources:

Soil levels of selenium vary greatly from country to country throughout the world, so the amount of selenium in our food sources, whether consumed directly as plants or as meat from animals that have eaten the vegetation varies according to the soil levels.

Animal sources such as liver, butter, most fish and lamb have adequate amounts.

[image: image38.wmf]Shellfish such as scallops, lobster, shrimp, crab and oysters are rich in selenium.

Cereals such as barley, oats, whole wheat and brown rice are also good sources.
Many vegetables and nuts have fairly good amounts of selenium.

Functions:

· Selenium is an antioxidant, therefore protects against cancer particularly breast and colon cancer.

· Selenium is necessary for enzyme function in the body.

· Selenium works with Vitamin E to enhance immunity in the body.

· Selenium helps to improve skin conditions.

· Selenium benefits the cardiovascular system by decreasing the risk of strokes and heart attacks (possibly by its antioxidant function also).

· Forms part of the enzyme system in red blood cells.

· Plays a key role in the thyroid hormone metabolism.

· Needed for successful reproduction.

· Plays a key role in the functioning of the immune system.

[image: image39.wmf]Requirements: 
RNI’s:
Males - 75 µg/day

Females – 60 µg/day

Deficiency:

Selenium deficiency is rare in the UK since it is found in a wide variety of foods eaten on a regular basis.

Excess:

Selenium is thought to interfere with sulphur compounds and even replace sulphur in the body, as these two minerals are very similar bio chemically, and thus may decrease a number of enzyme actions.

Long-term ingestion of high amounts of selenium may cause problems with tooth enamel and strength as higher selenium levels seem to increase tooth decay.  One theory is that selenium competes with fluoride in teeth, decreasing their strength.

Questions:
1. Explain the functions of selenium.

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (9)
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Sources:

· Present in a variety of foods.

· Main sources in diet are meat and meat products, bread, milk and milk products, eggs, fish and wholegrain cereals. 
· To a lesser extent in beans, lentils, nuts, sweet corn and rice.

· There is also a little zinc in fruit and vegetables.
Functions:

· Involved in a large number of enzyme systems in the body.

· Prevents stunted growth and delayed sexual maturity so essential for normal growth and development.

· Also helps in the wound healing process.

· Involved in some way in the metabolism of all macronutrients and in the production of energy. 
· Oxygen and carbon dioxide transport.

· Antioxidant mechanisms.

· For an effective immune systems.

Requirements:

· RNI for men and teenage males is 9.5mg/day

· RNI for women and teenage females is 7.0mg/day

Deficiency:

· Rare

· A mild deficiency is thought to lead to reduced wound healing and therefore affects the immune system.

· A severe deficiency is thought to cause growth retardation, delayed sexual and skeleton development, dermatitis, loss of appetite, diarrhoea, hair loss and an increased susceptibility to infection.
Excess:

· Interferes with copper metabolism.

Factors affecting absorption and bioavailability:
· Only about a third of the zinc in the diet is absorbed.

· Absorption is reduced by phytic acid (present in wholemeal cereals) and by the presence of calcium and other phytates.  Iron tablets also interfere with zinc absorption.


Questions:
1. What are the main sources of zinc in the diet?

___________________________________________________________________________________________ (6)

2. What is zinc involved in?

____________________________________________ (2)

3. What does zinc prevent?

____________________________________________ (2)

4. What does zinc help to heal?

_____________________________________ (1)

5. What does it transport around the body?
____________________________________________ (2)
6. What does zinc help produce?

_______________________ (1)



Iron is the only micro-nutrient that we would likely to be deficient in.

Where is it found and what are the functions?
· The average human adult contains about 4g of iron in his/her body.

· 2/3 of the iron in the body occurs in the haemoglobin.


Haemoglobin

· It is a red pigment which gives blood cells their colour. 
· Transports oxygen from the lungs to the body’s tissues for energy production.

Iron is also found in MYOGLOBIN – a protein which acts as an oxygen carrier in the muscles and is also found in small amounts in the body cells where it is involved in all enzyme activity.

The remaining iron is stored in the body as FERRITIN (most important form of storage) and HAEMOSIDERIN in the liver, spleen and bone marrow.

NB – the stored iron is of great importance during the first six months of a baby’s life because only a small amount of iron is present in milk.

Red blood cells die after 120 days approximately and must be replaced.  Some of the iron from the red blood cells is conserved and recycled in new red blood cells and some is lost.  That which is lost must be replaced by the daily food supply.
Iron is lost from the body in 

· Urine

· Sweat 

· Shed in epithelian cells from the skin and gut

· Blood e.g. menstruation, accident

Average daily losses of iron

· Males – 1mg

· Females – 2mg (30mg lost during pregnancy)


Sources of Iron in the diet

Best sources of iron (amount per 100g):

Black pudding



Shellfish (oysters)

Cocoa




Lambs liver
Treacle




Liver pate
Although these sources are good providers of iron they are not really important sources as they are not included in one’s diet on a regular basis.

Where does iron come from in the British Diet?

Cereal products and bread – approx 34%

Breakfast cereals – approx 13%
Vegetables – approx 17%

Meat – approx 18%

Eggs – approx 2.8%

Other foods – approx 15%

Other Sources:

· White bread (white flour) is fortified with 1.65mg of iron/100g flour.

· Iron is also obtained from dried fruit, pulses and whole grain cereals (phytic acid present).

· Meat – offal is the best source of iron.  Corned beef is also good.  Red meat itself is a good source.

· Vegetables – spinach and broccoli.

Requirement:

RNI for iron

14.8mg
15-18 year old female

11.3mg
15-18 year old male

Why are RNI values so much more than daily losses?

The main reason that the RNI’s are so much in excess of daily losses is that much of our dietary iron is NOT available for absorption.  It has been suggested that the average amount of iron absorbed from the UK diet is only 10% of that eaten.


Iron is present in two forms in the diet:

· Organic iron also called ferrous iron, haem iron and Fe 2+

This type of iron is derived from foods containing 

haemoglobin and is absorbed relatively easy by the body 

e.g. foods from animal sources in particular red meat and 
offal like liver.  About 20-25% of iron is absorbed.

· Inorganic iron also called ferric iron, non-haem iron and Fe 3+.
This type of iron derived from plant foods and egg yolk.  It is an insoluble form which is very poorly absorbed by the body.  As little as 2-5% is absorbed.

Some examples of food containing inorganic iron – dark green leafy vegetables, chocolate, fortified breakfast cereals, bread.

Factors promoting iron absorption:

Ascorbic acid aids iron absorption by:

· Aiding the reduction of ferric iron Fe 3+ to the ferrous form Fe 2+ as Vitamin C is a reducing agent.
· Iron is absorbed most readily in the haem or ferrous form.

Factors inhibiting iron absorption:
· Low stomach acidity – gastric hydrochloric acid converts ferric iron to ferrous iron.

· Phosphates – phytic acid found in wholegrain cereals, phosphate found in egg yolk.  These form an insoluble complex with iron – iron phytate.

· Oxalic acid – found in spinach and rhubarb.  Again oxalic acid forms an insoluble complex with iron – iron oxalate.

· Tannins (tannic acid) – found in tea.  Forms an insoluble complex with iron – iron tannate.

Although an average only 10% of iron is absorbed, it is thought that the body has some sort of mechanism that can increase absorption rates if:

(a) stores are depleted

(b) needs are high e.g. during pregnancy

Therefore the extent of iron absorption is very difficult to predict.

Deficiency:

· Results in Iron Deficiency Anaemia (this is only one type of anaemia – there is also megaloblastic anaemia and pernicious anaemia).

· Iron Deficiency Anaemia is the most common nutritional disorder in the world.

Cause and symptoms

If the amount of iron in the diet is insufficient, the deficiency is made up from the body’s iron stores.  If there is prolonged shortage and the body’s stores become depleted, the haemoglobin level of the blood falls and Iron Deficiency Anaemia results.  The symptoms – no oxygen or reduced oxygen supply in the blood resulting in fatigue, weakness and a pale complexion.

Iron Deficiency Anaemia can be cause by not enough iron in the diet, poor absorption of iron or excessive losses due to accident/injury or menstruation.

Treatment – increase foods rich in iron, take iron supplements, blood transfusion may be needed if there has been a severe loss of blood e.g. as a result of an accident.

Special groups who may be vulnerable to deficiency:

· Babies – diet consists mainly of milk which contains little iron.  Babies are born with a store of iron from their mother which will last approx 6 months provided the mother’s diet is adequate.
· Pregnant women – the foetus will be provided for first in relation to iron.  However, the needs of the mother must be met to prevent anaemia occurring during pregnancy.

· Girls and women – greater need for iron due to the monthly loss of blood during menstruation.

· Post injury/operation – this may result in a considerable loss of blood therefore, iron needs increase around this time.

· Vegetarian – diet consists of inorganic/non haem iron which is not easily utilised in the body, therefore there is a greater likelihood of them becoming deficient.

· Elderly – the blood cells are destroyed relatively quickly and must be recreated.  Elderly people sometimes have poorly balanced diets due to lack of motivation, loneliness, reduced mobility and inadequate finance.
Excess:
A condition called siderosis results if there is an excess, however, it is very rare.  Also there is an inherited disease, Haemochromatosis, where iron absorption is not controlled by the body.  Also very rare.

Questions:
1. What is haemoglobin?

__________________________________________________________________________________________________________________________________________ (2)

2. Where is iron also found?

___________________________________ (1)

3. What is the remaining iron stored as?

____________________________________________ (2)

4. How is iron lost?

· __________________________

· __________________________

· __________________________

· __________________________ 



(4)

5. What are the best sources of iron?

___________________________________________________________________________________________ (6)

6. What are the other sources?

· ___________________________________________

· ___________________________________________

· ___________________________________________

· ________________________________________ (4)

7. What are the two forms of iron?

___________________________________________________________________________________________ (2)

8. What is the difference between the two forms?

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

9. Consider a range of factors that affect iron absorption in the diet.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (10)

10. Explain how ascorbic aids iron absorption.

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

11. What is a deficiency in iron called?

________________________________________ (2)

12. List three symptoms.

____________________________________________ (3)

13. List two ways to prevent iron deficiency anaemia.

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

14. Name two groups of people who have special requirements for iron and state why.

_________________________________________________________________________________________________________________________________________________________________________________________ (4)

15. Comment on the usefulness of iron supplements in the diet of a teenage girl.
__________________________________________________________________________________________________________________________________________ (3)
16. Evaluate green, leafy vegetables as a dietary source of iron.
· Moderately good source of iron and important in the British diet

· Iron is less readily absorbed from green, leafy vegetables as it is in the non-haem form

· Ascorbic acid aids the reduction

· Inexpensive source compared to red meat

· May be more acceptable than offal

· Useful source for vegans
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