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Achieving superior products using food freeze drying  
Gemma Strongitharm, Biopharma Group

In order to reduce the water content and activity, drying is carried out. This process will have an 
impact on the fi nal food attributes and quality and, therefore, it should be performed rationally. 

The most simple and common drying method is air-drying, which relies on evaporation of 
water from the product at around 65-85°C, though industrial processes have been proposed at 
lower temperatures (~20°C), often in conjunction with vacuum technologies [4]. An increased 
apparent density, low porosity, microstructural damages and degradation of the product 
properties (e.g. aroma, colour and nutrients profi le) characterise the resulting dried material [8].

Drying can be assisted by microwaves and radio frequencies that will produce fast heating due 
to the electrostatic interactions with water molecules. Although input energy can be tailored 
proportionally to the material moisture content [10], the food structure most likely damages 
and ‘puffs’ [4, 7]. 

Another common dehydration technique for liquid products (e.g. beverages) based on 
evaporation, is spray drying. The process consists in producing fi ne solid particles from atomised 
liquid droplets that pass through a hot convective gas. This technique is relatively cheap and 
fast. However, there are some disadvantages, such as powder caking, stickiness, nutrient 
degradation and structural damages with a subsequent loss in quality [3].

Freeze drying (lyophilisation) is the most widely used alternative to evaporative techniques. 
The process is based on ice crystal sublimation, allowing to achieve a high-quality product [9]. 
The process consists in freezing the product and decreasing both pressure and temperature 
below the water triple point (0.01 °C and 6.1 10-3 bar). The resulting sublimation at negative 
temperatures limits both chemical reactions (e.g. Maillard-browing reaction) and product 
degradation [8]. Pre-treatments in hypertonic solutions are often carried out to better preserve 
the structure on freezing and drying as well as to enhance the product appearance and 
rehydration [4, 6].

Once food is dried, it rehydrates directly in mouth with saliva or, it is reconstituted before 
consumption, such as ready meals, vegetables, pasta and cereal and food/dairy powder. 
Rehydratability is a key factor to consider after drying. The water to be recovered should be 
similar to the quantity before dehydration. To optimise and tailor the rehydration rate and 
extent, the correct freezing and drying parameters should be chosen. In fact, not only the 
chemical properties of the material are key for an optimal reconstitution, such as wettability 
and hydrophilicity, but also the resulting dried structure, mainly in terms of shrinkage, shape 
and porosity. It is accepted that freeze drying gives a great opportunity to achieve a premium 
food quality by designing both the freezing and drying steps. 

In Table 1 and 2, impacts of common drying technologies on quality and process are 
reported.

Table 1: Impact of common food drying techniques on food quality

 

Table 2: Impact of common food drying techniques on food process

 

Freeze drying can be benefi cial for a wide range of products, such as fruit and vegetables, 
dairy, pet food, beverages, meat, fi sh and seafood as well as nutraceuticals (e.g. sport 
supplements probiotics).

Since freeze drying produces superior products, the range of potential users has been 
grown exponentially to fulfi l the request of military units and special forces during 
space and naval missions or in remote bases, tourism, athletes for extreme sports and 
expeditions, organisations such as UNESCO in places that are hit by disasters or confl icts, 
international humanitarian movements (e.g. Red Cross).

Biopharma has recently expanded their facilities to allow for food freeze drying, 
introducing services built on a quality by design (QbD) approach that aim to assist in 
achieving the customer requirements in terms of shelf life, appearance and physico-
chemical properties. An initial characterisation of the thermal behaviour of the pre-
lyophilised product is essential in order to design a tailored drying cycle and make the 
product more suitable for the process. Without it, the risk is to use a freeze drying 
process that dries the product, but not in a safe and effi cient way, affecting irreversibly 
the quality. Technologies such as freeze drying microscopy (Lyostat), electrical impedance 
analysis (Lyotherm) and differential scanning calorimetry (DSC) are typically used to 
fully understand the food thermal behaviour. Figure 1 shows an example of Lyostat and 
Lyotherm analysis results. 

Figure 1: (A) Example of Lyostat analysis of fruit juice. The dried layer is formed at different 
temperatures (1, 2, 3). The collapse of the product starts at 5. (B) Example of Lyotherm 
graph of ice cream. Softening events are observed at Z1, whereas at Z2 and D2 there is 
complete melting

Water is generally the main ‘ingredient’ in food and has a considerable impact on both physico-chemical and mechanical properties, which constantly change during 
storage [2,5]. The products shelf life is limited by the biological activity of microorganisms and water deeply affects it. Bacteria and moulds easily grow and proliferate 
in humid conditions [2,5], resulting in quicker spoilage and organoleptic degradation [8]. However, not all water present in food has the same infl uence on the growth 
of microorganisms [1, 5]. In fact, interaction of water with the material structure can be different: part of it strongly interacts with the material matrix in a dynamic 
equilibrium, while the remaining, which is the majority, becomes more available for physical, chemical and microbiological reactions [2].
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Knowing the thermal stability of the product allows to prevent deleterious events such 
as boiling and ‘puffi ng’, shrinkage and collapse, clump formation, increased density, 
slowed sublimation kinetics, slowed rehydration, colour change and nutrient loss. After 
this thermal characterisation, food can be reformulated or treated with hypertonic 
solutions to improve the fi nal appearance after drying as well as the mechanical and 
chemical properties. Finally, after the proof of concept and/or the process optimisation, 
the dried material is evaluated with post-process analyses (e.g. chemical and nutritional 
testing, moisture content and water activity analysis, microscopy, microbiological tests and 
mechanical characterisation). Figure 2 shows Biopharma Group’s systematic approach.

 

Figure 2: Biopharma Group’s systematic approach in freeze drying. 

On completion of the product and process development, the customer benefi ts from a full 
report that can be applied to common production freeze dryers used by Biopharma and 
other Contract Manufacturing Organisations. It also contains key information regarding 
the most suitable packaging to achieve the required shelf life and stability.

For further information and to read the full article, please visit www.biopharma.co.uk 
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New System Provides Accurate 
and Safe Bottle-top Dispensing 
of Many Common Laboratory Liquids
Gilson have introduced DISPENSMAN™, a bottle-top 
dispenser for convenient, safe, and precise delivery of common 
laboratory solutions and solvents. DISPENSMAN continues the 
innovation of Gilson’s liquid handling line, which also includes 
PIPETMAN®, the fi rst continuously adjustable-volume pipette.

DISPENSMAN has an innovative, three-position nozzle that 
controls the dispensing of liquids, the removal of air in the 
system to avoid liquid loss, and includes an anti-drip safety 
feature that returns liquid to the bottle. Make volume changes 
quickly and easily by pushing to unlock and then sliding the 
volume adjuster to the desired dispensing volume with no 
need to open bottles, decreasing chances of contamination.

DISPENSMAN is easily calibrated by the user and 
accommodates most liquids including many acids, bases, and 
solvents. The system is autoclavable, and does not require 
consumables such as tips.

Five DISPENSMAN models are available that cover various 
volume ranges from as low as 0.25 mL up to 50 mL. All meet 
ISO 8655 specifi cations. A variety of adaptors are also available 
that allow the DISPENSMAN to be used with most common 
bottle types.

More information online: ilmt.co/PL/jyAP 
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Tall and Low Form Weighing Bottles
Weigh your samples with precision using SP Scienceware Wilmad-LabGlass’ new 
weighing bottles. Constructed from light weight borosilicate glass these bottles allow for 
accurate tare settings and a sealed environment.

Features include: Hygroscopic sample storage when packaged in an atmosphere of 
nitrogen; can be used in conjunction with a desiccator to maintain dryness; fl at top caps 
have an externally ground joint that allows for sample transfer without seal interference.
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Priorclave - a global brand recognised world-wide for superior product  
performance and reliability and first-rate customer service.

Dedicated to the 
design and manufacture 

of Laboratory and Research  
Autoclaves, we have created one 
of the largest ranges of sterilisers 

currently available.  With over  
seventy standard models and a  

comprehensive range of  
accessories our build-program  
ensures we deliver autoclaves 

that meet customer  
requirements.

benchtop compact / top loading / front loading /  
pass-through / powerdoor / stackable

Find out more at www.priorclave.co.uk

or contact us direct:

Tel:  +44 (0)20 8316 6620

Email:  sales@priorclave.co.uk 

At Priorclave 
 autoclaves are our business

Interested in publishing a Technical Article? Contact: gwyneth@intlabmate.com
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