
The chemistry behind 

The Great British 
Bake Off
With the final of one of the UK’s most 
popular reality shows upon us, Isaac 
Bruce looks at the chemistry of baking

Whether or not you are bothered about who 
wins, there’s no denying that The Great 
British Bake Off depends on chemistry. A 

series of chemical reactions can turn flour, sugar and 
eggs into cakes, cookies and even croquembouche (see 
Chemistry review, Vol. 12, No. 3, pp. 29–31).

Sweetening the situation
Perhaps one of the most interesting ingredients from 
a chemistry standpoint is sugar. The basic chemistry 
of sugar is that it is a carbohydrate, containing the 
elements carbon, hydrogen and oxygen. d-glucose, for 
example, is a monosaccharide that in aqueous solution 
exists in an equilibrium of three isomeric forms: a-D-
glucopyranose (a-d-glucose), open chain and b-d-
glucopyranose (b-d-glucose).

The sugar commonly used in baking is sucrose. 
This is a disaccharide, consisting of a molecule of 
a-D-glucose bonded to another monosaccharide, b-d-
fructose, by a condensation reaction in which water is 
eliminated and a glycosidic linkage is formed.

Everything’s golden
The Maillard reaction (see Chemistry review, Vol. 11, 
No. 2, pp. 30–33) is what gives brioche and pretzels 
that lovely golden brown colour. It is an amino acid-

catalysed reaction that occurs spontaneously in 
the oven. Sugars go through a series of reactions to 
produce molecules with an aldehyde group adjacent 
to a ketone. These easily polymerise to form yellow-
brown compounds called melanoidins, which are 
responsible for the golden colour of baked goods.

Rising to the challenge
Nobody likes a sunken cake or dense bread, and there 
are many ways of getting them to rise. Some cakes are 
made light simply by whipping air into the mixture 
before baking. The trapped air bubbles expand as 
they are heated to give the product an open texture. 
However, for other baked goods, raising agents such as 
yeast, baking soda and baking powder have been used 
for hundreds of years to create light, airy structures.

Yeast is one of the oldest ingredients used in food 
and beverage making. It is a single-celled fungus that 
grows by budding (each cell increases in size and then 
divides itself in two). Warm conditions of around 25 to 
30°C are required for growth. You should use a warm 
place, such as a proving drawer, to make sure your 
bread mixture doubles in size, rather than putting 
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Activities
1 At home, you can investigate the role of 

gluten in the texture of bread.
2 You can also experiment with various 

combinations of raising agents to investigate 
the rate at which carbon dioxide is released 
in an aqueous solution. Try using both hot 
and cold water in your experiments to see the 
effect of temperature on the reactions.

the dough into a hot oven straight away (the high 
temperature will kill the yeast) or in the fridge (the 
enzymes work more slowly at low temperatures).

Enzymes in the yeast break down sugars in the 
bread mixture to produce ethanol (alcohol) and carbon 
dioxide (CO2) gas. The bubbles of CO2 cause the bread 
to rise. Much of the ethanol evaporates during baking, 
but some remains and adds to the flavour of the loaf. 

Bubbling away
Another way to introduce bubbles is through a 
chemical reaction of a carbonate that produces carbon 
dioxide gas. Baking soda (bicarbonate of soda) is 
sodium hydrogen carbonate (NaHCO3), which can 
release carbon dioxide gas on heating:

2NaHCO3(s) ➝ Na2CO3(s) + CO2(g) + H2O(l)

or by reacting it with an acid:

NaHCO3(s) + H+(aq) ➝Na+(aq) + CO2(g) + H2O(l)

Looking at the equation for heating, we can see 
that it only produces half a mole of CO2 per mole of 
NaHCO3, which isn’t the most impressive return. The 
sodium carbonate (Na2CO3) produced is alkaline and 
leaves a soapy taste in the cake or biscuit. It also has 
another unpleasant consequence in that the sodium 
carbonate reacts with the hydrochloric acid in your 
stomach, producing more carbon dioxide gas…

To combat these problems, baking soda is usually 
used with an acidic ingredient, for example potassium 
hydrogen tartrate, or cream of tartar (potassium 
hydrogen-2,3-dihydroxybutanedioate, KHC4H4O6).

Baking powder contains a mixture of both 
carbonate and acid. The solid ingredients do not react 
until they are mixed with water, allowing for storage. 

If too much gas is produced too early then the cake 
may sink in the middle unless the release of CO2 can 
be maintained throughout the whole baking process. 
In order to combat this, two acids are used: one to 
get the reaction going quickly and one to maintain 
the creation of CO2 throughout the process. ‘Double 
acting’ baking powders contain sodium hydrogen 
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Useful sites
The chemistry of cookies: www.tinyurl.com/mk4z6xk

Royal Society of Chemistry resource on the chemistry 
of baking powder, including revision questions:  
www.tinyurl.com/kergpd7

carbonate, potassium hydrogen tartrate and another 
acidic salt: calcium dihydrogen diphosphate.

The potassium hydrogen tartrate dissolves and 
starts to react with the sodium hydrogen carbonate 
in the mixing bowl, causing the mixture to rise as the 
CO2 is released. However, the calcium dihydrogen 
diphosphate dissolves more slowly and so tends to 
react once the cake is in the oven, ensuring that not all 
the bubbles are lost before the cake has been baked.

Kneads must
Kneading is an important process in the production of 
bread dough. It is vital for the alignment of the gluten 
protein molecules from the flour, which gives bread its 
texture, but it also affects the distribution of the CO2 
bubbles. Different techniques can lead to different 
bubble patterns, producing contrasting breads such as 
focaccia and traditional British farmhouse loaves. 
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