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Introduction
The objectives of the biopharmaceutical industry 

are to increase effi ciency, to reduce time-to-market. 

Therefore...

Output per employee, reduction of culture volumes (leading to lower 

investments), reduction of risk of contamination and reduction of 

validation and installation costs are leading arguments to introduce 

single-use bioreactors in bio-process engineering.

However in the development of these types of bioreactors, not much 

attention has been paid to the aspects of biochemical reactor design. 

Some reactors do mix the contents by a gentle wave motion and

others apply a paddle-type agitator for mixing and mass transfer 

generation. However mass transfer rates remain relatively low.

With the introduction of the CELL-tainer® single-use bioreactor, the 

issues of low mass transfer and low oxygen transfer no longer are 

valid. Mixing and mass-transfer signifi cantly are improved in com-

parison with existing single-use bioreactors. 

Scale-up is based on the conformity principle assuring the same 

performance at the various scales thus shortening the development 

time of biopharmaceuticals involved.

Results and Discussion
Investigation of the mass transfer, using the dynamic method (tap 

water, 20 ˚C), shows that the CELL-tainer® covers a wide range of 

mass transfer values (fi gure 1). This makes the CELL-tainer® 

suitable for mammalian cell cultures with higher cell densities then 

achieved in conventional equipment (fi gure 2). Moreover it makes 

the system also suitable for microbial fermentation (fi gure 3) like 

E. Coli, Yeast and Fungi (Mycelia). 

Pre-culture and medium conditions where equal for all type of bio-

reactors in both experiments. The performance of the CELL-tainer® 

with a mammalian cell culture is even better then a stirred tank.

Commonly accepted is that in most mammalian cell cultures, high 

oxygen mass transfer seems to be not needed. A wave type bioreac-

tor has a kla = 4 – 6 hr -1 . With an average specifi c oxygen uptake of 

1pmol O2/cell/hr one may assume that these type of bioreactors can 

support cell densities of maximal 10-20 x 106 cells/ml (see fi gure 4).  

Standard stirred tank bioreactors used with cell cultures, using both 

surface aeration and micro-sparging do have a typical kla = 10 – 15 

hr -1 and might support cell densities of 40 – 50 x 106 cells/ml.

 

Oxygen has to be supplied to the cells and Carbon Dioxide produced 

has to be removed. 

In both wave type bioreactors and stirred tanks the CO2 build-up in 

the liquid often is an issue and the pH of the culture is compensated 

with the addition of NaOH. This to avoid pH-decrease due to HCO3
-

ions. The NaOH addition results in an increase of osmotic pressure. In 

case there is an overcapacity in terms of mass transfer, there will be 

equilibrium between the gas phase CO2 concentration and the liquid 

phase CO2 concentration which prevents access of NaOH addition

Cost comparison
Application of single-use bioreactors for production of biopharma-

ceuticals will lead to signifi cant decrease of costs (fi gure 5). 

The experiment as shown in fi gure 2 indicates that the productivity 

in the CELL-tainer® bioreactor outperformed the productivity of the 

stirred tank bioreactor and of the wave type bioreactor.

Reactor type Relative Productivity (%) 

CSTR 100

Wave type 67

CELL-tainer® 125

As a result, the costs/g as produced in the CELL-tainer® single-use bio-

reactor signifi cantly is lower compared to a stirred tank or a wave type 

bioreactor. Medium optimization and clone adaptation combined with 

the improved mass transfer conditions therefore will result in more 

cost reduction.

Mass transfer measurement in the CELL-tainer® bioreactor

Cultivaltion of E.coli in the CELL-tainer® single-use bioreactor

Required mass transfer for mammalian cell culture Cost comparison of different cultivation systems

Cost comparison of various cultivations 
systems in costs/g protein

Cell densities should increase

Productivity should increase

Installed systems should be fl exible 
in use and multi purpose

Scalability is a must

Costs should decrease
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Viable cell density of PER.C6®-cells in the CELL-tainer® 

single-use bioreactor (courtesy of DSM Biologics).
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Conclusion
The CELL-tainer® single-use bioreactor provides a superior mass transfer 

making the equipment suitable for a wide range of applications:

It is demonstrated that the application of a proper designed single-

use bioreactor can lead to a cost saving of 50% of the cultivation 

costs. The mass transfer in the CELL-tainer® can be infl uenced by 

the combination of rpm and the angle. The horizontal displacement 

has a signifi cant effect. These parameters are the basis for proper 

scale-up. When keeping the mass transfer characteristics and liquid 

fl ow forces constant when scaling-up, the micro-environment of the 

cell will be kept uniform. This makes it easy to predict large scale 

behavior of cells.


