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Could 
carbs 
cause 
cancer?

When it comes to a Sunday lunch, there’s 
nothing quite like roast potatoes to silence 
a rumbling stomach. But according to 

the Food Standards Agency, those golden-brown 
nuggets of perfection may contain a bitter aftertaste: 
acrylamide. Headlines about the health risks of 
overcooked carbohydrates first alarmed the public in 
2002, and 15 years later the issue is in the news again.

Cooking induces thousands of chemical reactions 
within food, adding flavour and making it more 
digestible. However, not all of these are beneficial. The 
Maillard reaction occurs at temperatures above 140°C 
between carbohydrates and amino acids, browning the 
outside of the food and giving it flavour. The specific 
amino acid involved determines the products of the 
reaction. In the case of asparagine, the outcome is 
potentially harmful. Nucleophilic attack by the amine of 
asparagine on the electrophilic carbon of the aldehyde 
group in glucose results in an imine, characterised by a 
carbon-nitrogen double bond. If foods containing this 

Joseph Lloyd investigates the 
truth about the dangers of burnt 
toast and crispy potatoes

Figure 1 The production 
of acrylamide (prop-2-
enamide) from the amino 
acid asparagine during 
cooking and eating

imine are eaten, gastric acid breaks down the imine to 
produce acrylamide (prop-2-enamide). These reactions 
are particularly prevalent in starchy foods, such as 
bread and potatoes. Acrylamide can also be found in 
certain coffees, cereals and in chocolate.

Inside the body, it is not acrylamide that is the main 
problem, as it is metabolised by an enzyme called 
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Questions
1 Phenylethene (also known as styrene) is a 

suspected carcinogen like acrylamide.  
Suggest how phenylethene can damage DNA. 

2 The main problematic reaction is between 
glycidamide and guanine. Suggest why a 
reaction also occurs with adenine but not 
cytosine or thymine. Hint: Compare the 
structures of these molecules.

Check your answers at www.hoddereducation.
co.uk/chemistryreviewextras
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Figure 2  
The reaction 
between 
glycidamide 
and guanine

Further reading
Food Standards Agency page on acrylamide:  
www.food.gov.uk/science/acrylamide-0

cytochrome P450 without causing any direct damage. 
It is the product of this metabolism, glycidamide, 
which is ultimately the carcinogen. Glycidamide 
can prove harmful as it has a highly reactive epoxide 
group (a three-membered ring of two carbon atoms 
and an oxygen atom). Figure 2 shows the lone pair on 
a nitrogen atom in guanine (one of the DNA bases) 
attacking the electrophilic carbon of the epoxide 
group. The reaction removes the guanine, damaging 
the DNA so that it is not able to function normally, 
potentially leading to cancer. This reaction mostly 
occurs with guanine bases, but can also occur with 
adenine to a lesser degree.

Should we be worried?
Not all the asparagine in our food will be converted to 
acrylamide and not every molecule of acrylamide will 
go on to create glycidamide, nor will every molecule 
of glycidamide produced go on to react with DNA. 
Given their relatively high reactivity, acrylamide 
and glycidamide also form adducts (an adduct is a 
new molecule formed by the combination of two 
molecules) with amino acids and proteins in the 
body, such as haemoglobin. Though this may seem 
undesirable, these processes act as detoxification 
pathways. Furthermore, in the cases where DNA 
damage does occur, the body has a host of DNA repair 
mechanisms that regularly eliminate errors in DNA.

Although evidence from animal studies indicates 
the potential for acrylamide consumption to cause 

DNA damage, the correlation is less certain in humans. 
While there is no reason why mechanisms observed in 
animals should not also apply to humans, it is hard to 
confirm the effects, as human studies are often more 
difficult to conduct than those with animals. 

So should we dispense with hot meals and adopt 
a raw-food diet? No. A few biscuits or the odd bag of 
crisps is not going to make a great deal of difference. 
A safe daily limit of around 0.4 micrograms of 
acrylamide per kilogram of bodyweight a day has been 
suggested by various national agencies and studies. 
There are also measures that can be taken, such as 
not keeping raw potatoes in the fridge. At these lower 
temperatures, the sucrose in potatoes is broken down 
by the invertase enzyme into fructose and glucose, 
therefore producing more acrylamide when cooked. 
In the future it is hoped that potatoes containing less 
asparagine will be grown, again reducing the amount 
of acrylamide that is ultimately consumed.
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