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How does industrial biotechnology manufacturing ensure product stability, 
scalability, and shelf life in the final stage of production? What technologies 
best preserve sensitive biomolecules without compromising quality? Let us 
explore final steps in bioproduct manufacturing, where technologies such as 
spray drying, freeze drying, and vacuum drying are employed based on product 
requirements and properties.
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Drying is a fundamental unit operation in industrial 
biotechnology, essential for converting liquid, semi-liquid, 
or wet biological products into stable, dry solids. The 
primary objectives of drying are to ensure product stability, 
extend shelf life, facilitate transport, and minimize the risk 
of microbial contamination or product degradation. The 
selection of an appropriate drying method is a complex 
decision, influenced by the physicochemical properties 
of the product, its sensitivity to temperature and oxygen, 
and the economic and environmental requirements 
of the process. This paper provides a comprehensive 
overview of the main drying technologies used in industrial 
biotechnology and Arxada CDMO’s (Contract Development 
and Manufacturing Organization) capabilities and 
expertise.  

In industrial biotechnology, the journey from fermentation 
to final product involves a series of downstream processing 
(DSP) steps designed to purify, stabilize, and prepare the 
product for shipment. The final phase of this journey, often 
referred to as product polishing, encompasses the operations 
that transform a biologically active substance into a form that 
is stable, transportable, and convenient for end use. 

A typical operation employed in the product polishing stage 
is drying. Drying is defined as the removal of water or other 
solvents from a material by evaporation. The driving force for 
drying is the difference in vapor pressure between the wet 
material and the surrounding air or vacuum. The rate of drying 
depends on several factors, including product properties 
(particle size, shape, porosity, composition), process 
parameters (temperature, humidity, air flow, pressure), and 
water activity. The objective is to reduce water activity to a 
level that ensures stability, chemical integrity, and longer shelf 
life. Biotechnological products, such as enzymes, proteins, 
other biopolymers (e.g. polysaccharides), active biomass, 
and specialty chemicals are often highly sensitive to heat 
and oxidation. Water in bioproducts exists as free water 
(extracellular, intracellular), its removal is relatively easy and 
essential for reduction of bulk moisture, and bound water 
(within cell structures), which is more challenging to extract, 
and its removal largely impacts product stability and activity. 
Therefore, the appropriate drying method must be selected 
and process parameters fine-tuned to achieve desired 
product quality and efficient water removal, considering 
product characteristics, type of water to be removed and 
economic requirements of the process. The most common 
types of drying technologies used in biotechnology include 
spray drying, freeze drying (lyophilization), and vacuum drying, 
each with specific advantages and limitations (Table 1). 

Table 1. Overview of the most common types of drying technologies in industrial biotechnology. 

Process Application Advantages Challenges 

Spray drying Proteins, microbial cultures Fast, relatively low cost Temperature stress, risk of protein 
denaturation, stickiness

Freeze drying 
(Lyophilization)

Probiotics, heat sensitive proteins Excellent preservation of activity 
and structure, long shelf life

Slow, energy-intensive, high costs

Vacuum drying Small molecules, crystals Gentle drying, high capacity,  
relatively low cost, solvent removal

Balling, hard agglomeration
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Spray drying is a widely adopted technique in industrial 
biotechnology for converting liquids into dry powders. The 
process involves atomizing the liquid into fine droplets, 
which are rapidly dried by a stream of hot air in a controlled 
chamber. This results in powders with tailored particle size, 
density, surface area, and crystallinity, ideal for applications 
involving various proteins, microbial cultures, and certain 
specialty chemicals. Its advantages include continuous 
operation, scalability, and cost-efficiency. However, thermal 
stress remains a key limitation, particularly for heat-sensitive 
biomolecules such as enzymes and active biomass. To 
mitigate this, protective carriers or encapsulation strategies 
may be employed. Additionally, challenges like stickiness and 
wall deposits, especially in sugar- or protein-rich formulations, 
require careful process design.

Arxada CDMO possesses spray drying capabilities across 
all relevant scales, from lab-scale development to full-
scale production (Table 2). By actively controlling critical 
parameters such as inlet/outlet air temperatures, atomization 
type and pressure, feed rate, and airflow, we ensure precise 
management of drying kinetics and material behavior. This 
enables consistent product quality, minimized degradation, 
and scalable performance tailored to the needs of various 
products in the food or feed industry.

Freeze drying, or lyophilization, is the preferred method for 
stabilizing high-value, thermally sensitive bioproducts such 
as enzymes and viable probiotics. The process consists of 
three key stages: freezing the material, primary drying via 
sublimation under vacuum, and secondary drying to remove 
residual moisture. This technique excels at preserving 
biological activity, structural integrity, and rehydration 
performance. Its effectiveness in removing both free and 
bound water makes it especially suitable for delicate 
formulations, where product stability is prioritized over cost as 
freeze drying is energy-intensive and time-consuming. 
At Arxada, freeze drying can be optimized through precise 
control of critical parameters such as shelf temperature, 
which governs sublimation and desorption rates; chamber 
pressure, which maintains the vacuum needed for phase 
change; product temperature to avoid product structural 
damage; and freezing rate that influences ice crystal 
formation, which affects drying efficiency and final product 
texture. 

Vacuum drying is another gentle and effective method for 
processing heat- and oxygen-sensitive bioproducts, such 
as wet crystals or materials containing flammable solvents. 
By lowering the ambient pressure, the boiling point of water 
is reduced, allowing moisture to be removed at significantly 
lower temperatures, minimizing thermal degradation and 
preserving product integrity. This technique is particularly 
useful for removing bound water without exposing the 
product to harsh conditions. However, it is typically a batch 
process and may present challenges such as particle 
agglomeration or mechanical instability. Arxada is equipped 
with various drying equipment at production scale (Table 2), 
allowing for controlling parameters such as vacuum level, 
drying temperature, agitator speed, and product load. These 
factors influence heat transfer efficiency, drying uniformity, 
and mechanical stability of the final product. 

Table 2. Arxada’s drying capabilities across scales. 

Process Laboratory equipment Production equipment

Spray drying Bench scale two fluid nozzle 
spray dryer Buchi – inlet/
outlet temperature 220/80°C, 
capacity ~ 100 g evaporated 
water/hour

Pilot spray dryer – high pressure nozzle or rotating atomizer, inlet/
outlet temperature 210/80°C, capacity ~ 7.5 kg evaporated water 
per hour
Large scale spray dryer 1 – rotating atomizer, inlet/outlet 
temperature 150-200/80°C, capacity ~ 150 kg evaporated water 
per hour
Large scale spray dryer 2 – high pressure nozzle or rotating 
atomizer, 185-200/80°C, capacity ~ 300 kg evaporated water 
per hour

Freeze drying Bench scale freeze-dryer 
Martin Christ ALPHA 2-4 LSC 
plus – condenser capacity 4 kg, 
condenser temperature -85°C

Lyophilizer – capacity ~ 600 kg of ice per batch, condenser 
temperature -75°C

Vacuum drying Vacuum drying oven Binder 
VD115 – 65 kg load

Double cone dryer, Agitated spherical dryer – capacity ~ 1500 kg 
per batch
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Our offer
	– Fully integrated CDMO services in the field of industrial 

biotechnology
	– Engagement at any stage of product/process 

development 
	– From product generation to finish – various drying 

capabilities in laboratory, pilot and production scale 
	– 99% batch success rate
	– Excellent on-time in full delivery performance with over 

60 processes transferred to commercial scale in the 
past decade

	– Strong focus on continuous process improvement 
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Summary
This white paper explores the most common drying 
technologies in industrial biotechnology, essential for 
converting often delicate biological substances into stable 
and transportable products. Each method is discussed 
in terms of its principles, applications, advantages, and 
challenges. We highlight the importance of selecting 
appropriate drying technology based on product 
characteristics, its intended end application, and economics. 
Arxada’s capabilities across lab, pilot, and production scales 
are showcased. By tailoring drying solutions to specific 
biotechnological applications, Arxada CDMO ensures high 
product quality, stability, and scalability, supported by a 
strong track record in process transfer and commercial 
manufacturing.
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recipient. Republication of this information or related statements is prohibited.  
Information provided in this presentation by Arxada is not intended and should 
not be construed as a license to operate under or a recommendation to 
infringe any patent or other intellectual property right. All trademarks belong 
to Arxada or its affiliates or to their respective third parties and are used here 
only for informational purposes. Copyrighted material has been produced with 
permissions or under license, all other materials.

© 2025 Arxada Ltd.


