Nutrition

A mixture of different types of food in the correct amounts is needed to maintain health. The main food types are:
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 Fats, found in cheese, butter, margarine and oils. Fats are needed to make cell membranes and to insulate our bodies. They also contain important fat-soluble vitamins.
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 Protein, found in meat, fish, eggs and cheese. Proteins are required for growth and repair.
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 Fibre, found in wholemeal bread, fruit, vegetables and pulses. The fibre or roughage in our diet is not digested - but is important because it allows the muscles in our intestines to move the material along by peristalsis.

Digestive system: 1

The food we eat consists of large lumps of material. We must bite off small pieces and chew them up into even smaller ones before swallowing them. Once it gets to the stomach the food is further broken down by being pumelled by the stomach's muscular walls. This is physical digestion.

But the substances which our body needs cannot be absorbed into our blood until they have been broken down further - converted into small soluble chemicals. This is done with the aid of enzymes and other chemicals in our gut, and is called chemical digestion.

Food is moved through the digestive system by the contractions of two sets of muscles in the walls of the gut - one set running along the gut and the other set circling it. Their wave-like contractions create a squeeze moving down the gut. This movement is called peristalsis.

Digestive system: 2

In the exam you could be asked to label a diagram of the human digestive system, so make sure you know the names of all the parts!
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Mouth and stomach
Chemical digestion starts in the mouth, as enzymes in the saliva start to break down starch. Food is then moved to the stomach, where chemical digestion continues with the help of the hydrochloric acid and protease enzymes in the gastric juices.

Small intestine
The food is next moved into the small intestine, where enzymes produced in the intestine wall and pancreas continue the process of chemical digestion. Bile, produced in the liver, helps to breakdown fats.

The intestine is lined with tiny protuberances called villi, each in turn covered with even smaller microvilli. The villi have very thin walls and a plentiful blood supply to enable the products of digestion to be absorbed from the gut into the blood. There are many millions of them - providing a massive surface area to maximise the rate of absorption.

[image: image4.png]'SECTION OF VILLUS
'SHOWING MICROVILLI

Thin walls -
just 1 cell
hick.

SECTION OF

GUTWALL

SHOWING.

viLL Network of

capillaries




Large intestine
Whatever indigestible food is left now moves to the large intestine, where any excess water is absorbed before it is excreted from the anus.
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What food is converted to:

· Carbohydrate is turned into glucose, which our bodies need to make energy.

· Protein is turned into amino acids, required for cell growth and repair.

· Fats and oils are turned into fatty acids and glycerol, needed to make cell membranes and to insulate our bodies. Fats also contain fat-soluble vitamins.

· Vitamins and mineral salts do not have to be digested because they are already small enough to get into our blood. 

Digestive enzymes

The enzymes in our digestive system break down complex substances into simpler ones which can be absorbed. Enzymes work best at their optimum pH - so if the stomach, for example, does not have enough acid, its enzyme, pepsin, will not work properly.

Amylase

The enzyme amylase is in the saliva, and starts to work as soon as we put food into our mouths. Amylase digests the long, complex starch molecules, cutting them up into the shorter, simpler molecules of the sugar maltose. The word equation is: 
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maltose. 

Maltose however needs further digestion before it can be absorbed - as do the sugars sucrose and lactose. Another group of carbohydrase enzymes break these sugars down, turning them into the simple sugar glucose. The word equations are:
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glucose
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glucose
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glucose 

Protease

Protease enzymes (also called pepsin) are secreted in the stomach and pancreas, and digest proteins. Proteins are long chains of amino acids, and protease enzymes cut them up into peptide - smaller chains of amino acids molecules - and eventually into individual amino acids, which are absorbed in the small intestine. The word equation for the protease reaction is: 
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amino acids 

Lipase

Lipase is secreted in the pancreas and the walls of the small intestine. It is the enzyme which digests lipids - ie, fats and oils. Lipids are complex molecules made up of fatty acids and glycerol. Lipase cuts lipids up into fatty acid molecules and glycerol molecules. The word equation for this reaction is: 
Lipids [image: image12.png]


fatty acids + glycerol 

You need to remember the main digestive enzymes and the food types they break down. Test yourself by dragging the correct enzyme onto each food type, and see them cut up the complex molecules into simpler ones... 

More about enzymes

Enzymes are proteins. They are very important substances because they control the chemical reactions that happen in our bodies. They are known as biological catalysts - substances which speed up reactions but which do not get used up themselves. Enzyme names usually end in the letters -ase, as in amylase, protease and lipase.

There are two main types of enzyme. Digestive enzymes are extracellular enzymes - they control reactions that take place outside cells. Those enzymes which control reactions inside cells are called (not surprisingly!) intracellular enzymes.

Enzymes intervene in chemical reactions by locking onto one of the reactants and speeding up the reaction. The chemical which the enzyme locks onto is called the substrate, and the enzyme has a kind of chemical sensor, called an active site, which helps it to recognise the substrate. Just like a key only fits into a specific lock, each enzyme has its own specific substrate. Once the reaction is complete and the required product has been produced, the enzyme releases itself and moves on to the next reaction.
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Effect of temperature on enzymes
Temperature is important in all reactions. As the temperature increases, so does the rate of reaction. This is because heat energy causes more collisions between the particles in the enzyme and particles in the substrate. However, very high temperatures damage or denature enzymes.

If you plot the rate of an enzyme reaction against temperature, the rate gradually increases with temperature until it reaches around 37°C or body temperature. Then as the temperature continues to rise the rate of reaction falls rapidly as the heat energy begins to denature the enzyme.
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The effect of pH on enzymes
Different enzymes work best at different pH values. The optimum pH for an enzyme depends on its site of action. For example, enzymes in the stomach have an optimum pH of about 2 because the stomach is acid, but intestinal enzymes have an optimum pH of about 7.5.

A graph plotting reaction rate against pH for any enzyme looks like this:
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Other substances that help digestion

Hydrochloric acid
The enzyme pepsin requires the presence of hydrochloric acid to create the right pH conditions for the enzyme to work effectively. Pepsin works best at pH2 (acidic) - which is also acidic enough to kill the bacteria taken in with food. 

The hydrochloric acid is secreted, along with the pepsin, from tiny pits in the stomach lining. The stomach lining protects itself against digestion and corrosion by secreting sticky neutralising mucus.
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Bile
Fats and oils are broken down by the enzyme lipase; but before lipase can really get to work the lipids first need to be emulsified. This is done by bile, a substance secreted in the liver and stored in the gall bladder, which is added to food via the bile duct when food is passing through the duodenum. Bile is not an enzyme.
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Bile works like detergent - it disperses fats into droplets (an emulsion) and so enlarges the surface area so that the enzyme lipase can get to work breaking down the fat much more efficiently. Bile salts also neutralise the stomach acid and help to create optimum pH conditions for digestive enzymes in the small intestine. 
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