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However tasty bakery products may be, it 
is quite an art to manufacture them so that 
they retain their constant quality, correct 
texture and necessary long-term stability 
and safety. To narrow down the field, it 
should first be made clear what the term 
‘bakery products’ really means:   

Bakery products are an umbrella term for 
baked goods with cereals or cereal 
products as their main ingredient. They 
are usually manufactured by bakeries and 
confectionaries. They can be roughly 
divided into the groups: bread, bread rolls 
and pastries, including a special subgroup 
of more durable preserved bakery 
products, which show lower moisture 
content.  

Bread rolls are a collective name for small 
products from bread dough that do not 
weigh more than 250g. Their dough can 
be prepared differently than classic bread 
dough. The definitions of bread and bread 
rolls reflect the way in which they are 
made. Typical examples of bread rolls 
include rolls, croissants and pretzels.  
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Pastries are colloquially called cookies, and 
include products such as cookies, biscuits, 
cakes, wafers and gingerbread, which can be 
stored at normal temperature (18°-24°C) for a 
longer period of time (approx. 6-12 months) 
without having to be cooled or deep-frozen. 
What makes bread and pastries differ under 
food regulations is the higher fat and sugar 
content of the latter, and namely at least 1/9 of 
the total flour content. Pastries include but are 
not limited to croissants, biscuits, cookies and 
cakes, as they also comprise preserved 
bakery products that are not sweet such as lye 
rolls, crackers and pretzels. 
(Source: Wikipedia)

As consumers, we very quickly react to any 
sensory changes in products. This also 
applies to stale taste, or a biscuit lacking 
crispy texture. Add to this the microbiological 
risk: the consumer shows little enthusiasm 
when the cake gets mouldy or may have even 
been infected with dangerous bacteria (E. 
Coli, Salmonellae, etc.). Such problems can 
be addressed by reducing the risk of ‘non- 
compliant’ product at the consumer’s end. 

But first, before you start thinking of any 
solution, you need to have knowledge about 
how such problems occur and what are the 
driving factors behind them.   
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What Kind of Problems 
Occur? 
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It happens quite easily, and the storage and selling conditions (supermarket, kiosk, etc.) are
often beyond the baker’s own control. If the end customer realises after a few bites that the 
biscuit he or she is eating tastes stale, then he or she may not buy this brand that any longer. 
So, there is a dilemma. Rancidity can occur in different ways: 

- Hydrolyse 
- Oxidation 
- Microbiological  

TECHNICAL REPORT

Rancidity / Staleness  
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Hydrolytic Rancidity  
This type of rancidity develops when unsaturated fats or lipids hydrolyse into free fatty acids. It is 
mainly short-chain fatty acids such as butyric acid that are extremely unpleasant to the human 
nose here. Apart from oxygen, a catalyst is required for such a reaction. In bakery products, it is 
traces of metals. 
   
Oxidative Rancidity 
Atmospheric oxygen is at play here, too. The double bonds of fats and lipids (one often speaks 
of unsaturated fats and lipids here) are split up in an oxidation process induced by radicals, and 
taste-carrying and somewhat foul-smelling volatile substances are released. At room 
temperature this process is slow, but as soon as the temperature rises, the reaction rate 
increases. The process continues even if the product is supplied frozen. As due to health 
concerns, unsaturated fats or lipids instead of saturated ones are increasingly more often used 
in the baking industry. This problem is only going to exacerbate in the future.  

Microbiological Rancidity 
A process is meant here under which fats or lipids are split up and decomposed by enzymes 
(mostly lipases), which are used by bacteria, but also by mildew. It is often accompanied by 
unpleasant odours, too. 

Water Activity



7

On the one hand, the problem can be addressed by using some chemical additives; antioxidants 
(flavonoids, ascorbic acid [vitamin C], tocopherols [vitamin E but also hydroxyanisole [BHA] or 
hydroxytoluene [BHT/TBHQ] are meant here. They are mainly free radical scavengers, which 
prevent oxidative, but cannot cope with microbiological and hydrolytic rancidity. Oxygen can also 
be removed from inside the package during the packaging process, but this is effective only 
when also the package is oxygen-tight. 

But also chemical additives are not always possible or desirable, so it is better to get down to the 
root of the problem. 
The fact is that oxygen, as well as also radicalised fats, have to be transported somehow inside 
the product so that the reaction could go on. Free water is the most suitable means of transport 
here. And this is why water activity is also a crucial factor: more free water translates into more 
oxygen, and radicals/catalysts may be transported to unsaturated fats or lipids, causing 
increasingly more rancidity problems. 
The reaction rate depends on the prevailing water activity as follows:   
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But How Can You Now Deal with This Problem?   

At between 0.40aw and 0.45aw the reaction rate has been found to be significantly shorter. It is 
not scientifically proven yet why the reaction rate is parabola-shaped, but it pays for bakers to 
bring products that contain unsaturated fats or lipids to this optimal range of water activity to 
decrease any rancidity. It will never be possible to avoid it altogether, however.  

Water Activity
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Texture/Crispness  

The answer reads: It is completely impossible to say in which direction the water is going to 
migrate because moisture is a false parameter. Water migrates or moves from high to low 
potential, and the potential of water can be measured with water activity. Consequently: Water 
migrates or moves from areas where water activity is high to those where it is low. Its quantity 
does not matter here. If the quantity were decisive, water would flow in nature up the mountains 
because there is much more water in the sea than in the mountains.  

However different bakery products may be, there are still some things they have in common, 
texture is just what makes most of them so unique. A doughnut should be made from a soft 
dough and a crunchy chocolate coating, a butter biscuit should be crispy and a cake should 
show a good mixture of firmness and moisture. Unfortunately, these texture properties may 
change, be it already during manufacturing, during warehousing or transportation to the retailer. 
The reason for that is, after all, easy to find: it is water migration. It is often misinterpreted; 
therefore let us ask the following test question:   

A product consists of two ‘zones’: dough and fruit stuffing. The moisture content of the dough is 
20% and that of the fruits 11%. How is water going to migrate/move now? 

Figure 1: Question about moisture migration  
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Hence, the following situation is possible:   
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Let’s say that dry dough becomes even drier, crumbly and/or stone-hard and the fruits absorb 
more water, speeding up water activity, and suddenly there is a microbiological risk. Surprised? 
Do not worry. Now you know how the land lies or rather how water moves. 

If in any area of the bakery product water activity turns out to be too high, then some physical 
changes may occur such as glass transitions, re-crystallisations, etc. They depend on 
temperature, however, therefore, in addition to water activity, you should always take into 
account and allow for (storage/transport/ manufacturing) temperature.  

Figure 2: Answer regarding moisture migration  
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As water migrates only between areas with different water activity, it has to be readjusted for 
both areas. The water activity of individual components or specific product zones can be
readjusted and equalised by using the so-called humectants (sugar, polyoles, salt, etc.) or 
drying/moistening. The real challenge here is not to compromise any other product properties 
such as taste, texture, colour and appearance. 
  
You should also be careful with icings because they can draw water as far as to the interface 
between the icing and dough if the icing’s aw value is lower than that of the dough. If the icing 
(glaze) is only slightly permeable to water, then a lot of free water gathers under it, which could 
result in an unrecognisable microbiological activity or other reactions.    

TECHNICAL REPORT

If it is the other way around, that is, the icing’s aw value is higher than that of the dough, the 
icing loses water and becomes dry, hard and crumbly. Well, the icing may even ‘peel-off’, i.e. 
flake off, or, due to water loss and related volume shrinkage, literally blast itself away. This 
should be prevented.   

Figure 3: Migration of water towards icing  

But How Can This Problem Be Fixed?    

Water Activity
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Mildew and bacteria need a favourable environment to grow in a medium. The pH value and 
water activity are of critical importance here. As due to yeast fermentation in dough and the 
production of carbon dioxide (production of CO2 due to fermentation and then carbon dioxide 
due to reaction with water) most bakery products are slightly acidic, water activity should be 
used as an exclusion criterion for bacteria and mildew growth. The calculation here is quite 
simple: If a sample’s aw value is lower than that indicative of growth of a given species, no 
growth is present.   
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Let’s take the mould fungus Aspergillus flavus as an example. It grows when water activity is 
higher than 0.78aw. Nothing happens when a sample’s water activity is below 0.78aw. But when 
it is above this value, the mildew starts growing provided that there are spores in the product. 
So water activity indicates only whether or not any growth of the product’s fauna is enabled. But 
it does not say that it must be mildew that is growing because it is just spores and sprouts that 
have to be present.  

Preserved bakery products such as biscuits are good examples of food types in which water 
activity is one of the most important preservation factors. Although their water content is 15-27 
per cent, the shelf life of these fine products amounts to approx. six months. These products are 
stuffed with a mixture of various sugars, preserves and chocolates. 
   
The main preservation factor is, as mentioned above, the aw value, which is set between 0.7 
and 0.8aw, by means of various sugars (glucose, sucrose) and polyoles (sorbitol). Even 
sprinkling the product surface with ethanol can help control the growth of xerophile mildew. 
Together with packaging under controlled atmosphere, such measures form a preservation 
technology that ensures microbiological stability.  

Table 1: Reference values: Bacteriological growth vs. water activity according to Krämer (Food 
Microbiology, third edition)   

Microbiology and Shelf Life  
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Example of a chocolate-filled biscuit: 
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The water transport and equilibrium properties of combined food articles are important for the 
storage stability of such products. High baking temperatures add to the aw balance between their 
various components. How fast a balance is reached between various layers or components of food 
articles is hence affected not only by the baking process, but also by the storage time between 
manufacturing and packaging. Therefore, controlling water migration is essential here, for as soon
as water migrates, water activity is locally changed, what can suddenly trigger microbiological 
activity. Water transport during the shelf life of composite food products and the related 
equalisation of aw values seem to be intense enough to make such values quite homogeneous in 
various components. This makes it easier to use water activity as an indicator of the microbiological 
stability of combined bakery products.  

Water Activity
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Water Activity

The use of fruits by bakeries and confectionaries has been becoming increasingly more popular 
in recent years. The question in what form such fruits are used depends, above all, on the type 
of a bakery product and how it is manufactured. You can choose from fresh fruits and 
processed offerings such as jams, marmalades, jellies, etc., which are mainly used for fine 
pastries.  
The advantages of processed fruits compared to fresh ones include, above all:  
- availability all year round 
- simple storage conditions 
- longer shelf life 
- simple handling   

Baked Goods and Fruits   

Microbiological spoilage is by far the most significant reason for a possible reduction in the shelf 
life of fruits. Therefore, the survival conditions for microorganisms should be made unfavourable. 
The following procedures are used to preserve fruits:   
- lowering of water activity (aw value) by: 
           drying (water removal)   
           sugaring (water removal, osmotic effect)  
           deep-freezing (transformation of water into ice)   
- temperature  (heating) 
- pH reduction 
- oxygen concentration  

Whether we like it or not, water activity remains, by any measure, one of the most important factors 
influencing the manufacture and shelf life of bakery products. Many processes are affected by free 
water, be it in the form of reaction acceleration or prevention. Water activity control, combined with 
appropriate measures ,helps prevent or at least minimise various reactions such as rancidity, 
microbiological spoilage or changes in texture due to water migration. Not all problems and risks 
can be eliminated in this way, but a few cases that were irresolvable before can now be solved.  

Conclusion  


