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Who we are: Coffee Freshness System, LLC

Keeps Coffee Fresh by removing Oxygen & storing in 

Pressurized CO2.  Info: Visit our Booth

www.coffeefreshness.com

http://www.coffeefreshness.com


The Science of Coffee Staling 

Course Outline:
1. Coffee Bean Chemistry

2. Roasting Chemistry

3. Mechanisms of Coffee Staling

a. Parameters affecting Coffee Staling

4. Model of Coffee Staling

5. How to reduce the rate of Coffee Staling 

6. Conclusion / Questions



Some Examples of Stale Coffee

https://www.youtube.com/embed/w8_jpjQXUyA?autoplay=1&start=56&end=70

https://www.youtube.com/embed/Rfp7eWDl12c?autoplay=1&start=6&end=20

https://www.youtube.com/embed/w8_jpjQXUyA?autoplay=1&start=56&end=70
https://www.youtube.com/embed/Rfp7eWDl12c?autoplay=1&start=6&end=20


● To understand staling, we need to understand the chemistry 

fundamentals of the Roasted Coffee Bean

● A coffee bean contains over a thousand chemical 

compounds, such as:

○ Aromatic Flavor compounds

○ Melanoidins

○ Lipids (Oils)

○ CO2 gas

First, let’s review what is in the Coffee Bean



● Answer: Roasting, The Maillard Reaction and Pyrolysis

○ The heat from roasting causes chemical reactions that:

■ Result in the wonderful smelling and tasting Aromatic 

Flavor compounds in Coffee

■ And CO2 gas within the Coffee Beans

○ Quite a lot of CO2 in fact, 6 - 10 liters/Kg of Beans

How do all those chemicals get into Coffee?



● Maillard reaction forming 2-furfurylthiol

Example of Maillard reaction



● First - two interesting observations on Coffee Staling

○ Coffee staling takes its origin from roasting

○ Maillard reaction and Pyrolysis… transform the 

beans into a very unstable and reactive system

Why does Coffee go Stale?

Ref. M.C. Nicoli, Espresso Coffee The Science of Quality, Pg. 232



● Staling of coffee beans is mainly due to two actions

○ 1) Oxidation - From Oxygen in the air! Causes stale taste

○ 2) Volatilization - Evaporation/Loss of flavor chemicals

● Other Parameters affecting coffee Staling are:

○ 3) Moisture - Delivers heat and oxygen to aromatics

○ 4) Heat - Increases rates of Oxidation and Volatilization

○ 5) Light - catalyzes auto-oxidation of fatty acids

Why does Coffee go Stale?



● Chemical reaction where a compound 1) loses 

electrons, 2) gains Oxygen

○ For Example: Methanethiol to Dimethyl disulfide

■ 4 H3C-SH + O2 → 2 H3C-S-S-CH3 + 2 H2O

● What Oxidation are we concerned with in Coffee?

○ Aromatic Flavor compounds and Lipids

● Why is this a concern

○ Oxidation of Aromatics creates off-flavors [Stale]

○ Oxidation lowers the amount of anti-oxidants

What is Oxidation?



● Oxygen is the most critical factor in coffee staling

● Degradation of coffee increases with oxygen by:

○ 10 times from 0.1% to 1.1% oxygen concentration

○ 20 times over real world test range of 0.5 - 21%

How much does Oxidation/Oxygen affect staling?

Ref. Cardelli and Labuza (2001)

Boulder, CO [17.3%]

Mt. Everest  [6.9%]



● Relative effects in staling:

○ Oxygen = 20, Moisture = 1.8, Heat = 0.6

Staling comparison Oxygen, Moisture, Heat

Ref. Cardelli and Labuza (2001)

2) Moisture Effect

1) Oxygen effect

3) Temperature 

Effect



● In a consumer test, the decrease in Coffee shelf life 

when measured over a range of ‘real world’ use was:

○ 20 times when Oxygen increased from 0.5 - 21% 

○ 60% per 0.1 point increase in Water activity (aw)

○ 20% per 10℃ increase in Temperature

● (aw) range was .3 and Temp was 30℃

Relative staling effect: Oxygen 20, Moisture 1.8, Heat 0.6

Summary: Oxygen, Moisture and Heat Effects

Ref. Cardelli and Labuza (2001)



● What is Volatilization?

● Converting a chemical substance from a liquid or 

solid state to a gaseous or vapor state

○ For Example:

■ 2-furfurylthiol(l) ↑  2-furfurylthiol(g)

● What Volatilization is of concern in Coffee Staling?

○ Aromatic Flavor compounds and CO2

Volatilization Effects



● Aromatics outgas continuously, starting right after roasting

● This results in the loss of flavor aspect of staling

Ref. Espresso Coffee The Science of 

Quality, Fig 6.3 Pg. 237

Volatilization of Aromatics



● CO2 outgasses continuously starting right after roasting

● This allows oxygen to enter and oxidize flavor compounds

Ref. Espresso Coffee The Science of 

Quality, Fig 6.3 Pg. 237

Volatilization of CO2



● Fig-1: Oxygen attacks Aromatics and Lipids, also Aromatics 

and CO2 volatilize
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● Fig-2: Over time, we are left with oxidized flavour 

compounds and have lost Aromatics and CO2

● This is stale Coffee...
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Can Coffee Staling be Prevented?

● Not completely, however the rate of staling can be 

significantly slowed by counteracting the causes of staling

● For example, 

○ By removing oxygen and replacing with inert gas or CO2

○ By increasing pressure to reduce the volatilization rate



● Fig-3: Replacing oxygen
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● Fig-3: Replacing oxygen with CO2
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● Fig-3: Replacing oxygen with CO2 and increasing pressure
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● The best techniques to slow the rate of staling are:

○ Low Oxygen - Inert gas

○ Pressurization

Ref. Espresso Coffee The Science of 

Quality, Table 6.6 Pg. 253

Counteracting Coffee Staling



Conclusion

● Roasting creates coffee flavors by Maillard reaction

● Staling is caused by 2 main mechanisms

○ Oxidation of flavor compounds

○ Volatilization of flavor compounds

● Staling can’t be completely stopped, but the rate of 

staling can be significantly slowed by storing under 

optimized conditions



Thank you!

Questions? 

The Science of Coffee Staling



Back-up -

The Science of Coffee Staling



● In a consumer 

Oxidation in Fresh Roasted Coffee



Oxidation in Fresh Roasted Coffee


