Carbohydrates (SQA Topic 15)

Photosynthesis is the process by which plants make their own food. Food contains the essential chemical energy for growth in plants. 

Photosynthesis

During photosynthesis glucose is made.
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An important feature of photosynthesis is that a catalyst called chlorophyll is needed for the reaction - this pigment (colour) is what makes leaves look green. Chlorophyll traps light energy from the sun to drive the reaction.

Carbohydrates are molecules, rich in chemical energy, containing carbon, hydrogen and oxygen. A beneficial by-product of this process is the production of oxygen gas.

The large hardwood forests of Asia and the Amazon are often called the “lungs of the world” due to the large volumes of oxygen they release.

The carbohydrates made in plants during photosynthesis are an important food for animals. Every type of food we eat can have its energy traced back to a plant.

Respiration

Respiration is the process by which animals and plants obtain a supply of energy by breaking down carbohydrates. The reaction can be represented as:
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Enzymes control this process. The carbohydrates release energy, producing carbon dioxide and water. Animals can use the energy extracted from carbohydrates by respiration for movement, heat, growth and reproduction.

Carbohydrates

All carbohydrates contain carbon, hydrogen and oxygen. Common examples of carbohydrates include glucose, sucrose and starch. These carbohydrates are further classified as “saccharides”, which is the the old word for sweet/sugar.

Monosaccharides include glucose and fructose - these are the simplest sugars with the lowest relative molecular mass.

Disaccharides include maltose and sucrose - these consist of 2 monosaccharides linked together.

Polysaccharides are large polymers based on the linking of many monosaccharides.

Burning carbohydrates

The word equation for respiration can also be used to represent the combustion (burning) of carbohydrates.
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Cobalt chloride paper held at the exit of the glass tube goes pink from the original blue colour - this shows the presence of water. Alternatively, condensation can be observed. Limewater goes milky-white and this demonstrates the production of carbon dioxide gas. The production of carbon dioxide and water, on burning, indicates the presence of carbon and hydrogen in a carbohydrate. The presence of oxygen is not proved as it is already present in air.

Atmospheric gases

Respiration and photosynthesis are important in maintaining the balance of carbon dioxide and oxygen in the air

The extensive clearing of forests could present dangers to life on earth as it may remove enough trees to affect the levels of oxygen produced by photosynthesis.

Carbohydrate isomers

It is obvious that glucose and fructose have the same chemical formula. The only difference between them is their structural formula. This means they are isomers. This is also true of maltose and sucrose. Starch is not an isomer of any of the other molecules.

	Carbohydrate class
	Isomers
	Chemical formula

	monosaccharide
	glucose, fructose
	C6 H12 O6

	disaccharide
	maltose, sucrose
	C12 H22 O11


Testing for starch

Glucose is sweet and dissolves in water and that starch is not sweet and does not dissolve well in water.

A further test to distinguish starch from glucose is to shine a beam of light through ‘solutions’ of each

This is also called the Tyndall Beam Effect. Dispersal only happens in starch as the large starch molecules are big enough to affect the light. This is a physical test.

A chemical test for starch is to add iodine solution (red) and see if it turns blue/black in colour. It is possible to distinguish starch from other carbohydrates using this iodine solution test. For example, if iodine is added to an peeled potato then it will turn black.
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Testing for glucose

Benedict’s or Fehling’s Reagent is used to test for glucose but not for sucrose. The test involves heating the sugar with either of the chemicals and observing the colour change of blue to orange. This reaction occurs because glucose is a reducing sugar - it can help another chemical to be reduced.

Benedict’s or Fehling’s Regent is used to test for glucose, fructose, maltose and other sugars but not for sucrose. Any sugar mentioned in the examination, which you are not familiar with, should give a positive result for the test.

We can summarise the tests for carbohydrate in this table.

	Carbohydrate
	Benedicts/Fehling’s
	Iodine solution
	Light Beam

	glucose
	Blue to orange
	-
	-

	fructose
	Blue to orange
	-
	-

	maltose
	Blue to orange
	-
	-

	sucrose
	-
	-
	-

	starch
	-
	Red to black
	Visible beam dispersal


Making starch

The polymerisation of glucose

Glucose is a carbohydrate built up in plants during photosynthesis.

Glucose is a high-energy carbohydrate that must be used quickly. To overcome the problem of feeding itself at night or during the winter, the plant has to store food as starch.

This is done by the polymerisation of small glucose monomer units into the larger starch molecule.

There is a loss of water during this reaction, so it is called a condensation polymerisation.

The joining up of glucose molecules to form starch is an example of condensation polymerisation.

It is a condensation reaction as water molecules are produced during the polymerisation process. Disaccharides are also made by the condensation polymerisation of monosaccharides.

Breaking starch down

In animals, during digestion, starch molecules are broken down in the body into small glucose molecules, which can pass through the gut wall and into the bloodstream as an energy supply for the body’s cells. The enzyme amylase is the biological catalyst for this reaction.

Amylase is found in the mouth and gut of animals. The stomach also contains acid, which can also break down starch. The breakdown of starch can be carried out in the laboratory using acid or amylase. Enzymes such as amylase act as biological catalysts in the breakdown of complex food molecules into smaller ones in the digestive system.

Hydrolysis of starch

Starch molecules break down by reacting with water molecules. If any molecule reacts with water molecules to break apart, then this is called an hydrolysis reaction.

Starch can also be broken down by heating it with acid. This is called acid hydrolysis.

Sucrose (disaccharide) can also be hydrolysed, forming 2 monosaccharides - glucose and fructose.

From the above, and from a previous table, it can be seen that the molecular formula for a monosaccharides is C6H12O6
Disaccharides have a formula of (2 x monosaccharide minus H2O) - C12H22O11
Respiration in low levels of oxygen

Glucose is the carbohydrate which reacts with oxygen during respiration. It is essential that there is a very good oxygen supply for respiration or all of the chemical energy trapped in a glucose molecule cannot be released. The balanced equation shows

[image: image7.png]C,H,,0, + 0, (respiration) oo 4 o




Notice that for any 1 mole of glucose molecules, 6 moles of oxygen gas are required for a complete respiration!

Animals (including human beings) running about, cannot inhale this level of oxygen and complete respiration is not possible. Their body starts to produce lactic acid (poison) instead, get fatigued and possibly cramp. Respiration without oxygen is called fermentation.

Fermentation in plants and fruits

Plants and fruits can be made to make alcohol instead of lactic acid when incomplete levels of oxygen are present. Alcoholic drinks can be made from any fruit or vegetable which is a source of starch or sugars
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An enzyme in yeast, a living organism, acts as a catalyst for the fermentation of glucose.

Fermentation is the breakdown of glucose to form alcohol and carbon dioxide. This reaction allows beer to have a gassy head (CO2.)

The same fermentation happens when changing dough (starch) into bread - fortunately the alcohol evaporates away in the hot oven as the flat dough rises (due to CO2.)

The maximum concentration of alcohol possible through a natural fermentation is about 12% ethanol. This is because alcohol is toxic and it kills the living organism, yeast, before too long. In order to increase the yield of alcohol, distillation must take place.

Distillation

Distillation is a method of increasing the alcohol concentration of fermentation products. Most products are a mixture of alcohol, fruit extracts and water. 

The boiling point of alcohol is ~80ºC, water is 100ºC. When heated, the alcohol boils away first and can be collected by cooling it in a condenser.
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The above apparatus shows how this can be done in the laboratory. The condenser works by circulating cold water round a central glass tube which cools down alcohol vapour. This condenses to form liquid alcohol. The basic principle relies on the different boiling points of alcohol and water.“Drinking” alcohol is a member of the alkanol family and is called ethanol (C2H5OH.)

Making alcoholic drinks

Depending on the concentration of alcohol required, fermentation only (up to ~12% ethanol) or fermentation followed by distillation may be used.

	Raw Material
	Product
	%
	Method

	Barley
	Beer
	4 – 5
	Fermentation

	Barley
	Whisky
	40
	Fermentation then distillation

	Potato
	Vodka
	40
	Fermentation then distillation

	Sugar Cane
	Rum
	40
	Fermentation then distillation

	Grape
	Wine
	12
	Fermentation

	Grape
	Brandy
	40
	Fermentation then distillation

	Grape
	Sherry
	20
	Fermentation then add extra alcohol


Enzyme activity

Enzyme activity and temperature

This graph shows that enzyme activity increases as the temperature increases. There is an optimum (best) temperature (~40ºC.)
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Above 50ºC, the heat destroys (denatures) the enzyme.

Enzyme activity and pH

Most enzymes have an optimum activity of about pH 7 as this is close to the level of acidity in the blood.
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Some special enzymes have a different optimum pH, especially 

