
100nm 

B
IO

C
H

EM
IC

A
L 

EN
G

IN
EE

R
IN

G
 A

N
D

 C
EL

L 
C

U
LT

IV
A

TI
O

N
 T

EC
H

N
IQ

U
E 

  

Contact: 
ZHAW, Institute of Chemistry and Biotechnology 
Rüdiger W. Maschke 
Campus Grüental 
CH-8820 Wädenswil 
Tel: +41 (0) 58 934 54 83 
Mail: ruediger.maschke@zhaw.ch 
Web: www.zhaw.ch/lsfm 

References 
[1] Bruecher, D. (2015). Evolution of Shake Flask Technology. Genetic Engineering & Biotechnology News, 35(16), 32–33. doi:10.1089/gen.35.16.14 
[2] Winkler, K., & Socher, M. L. (2014). Shake Flask Technology. In M. C. Flickinger (Ed.), Encyclopedia of Industrial Biotechnology (pp. 1–16). Hoboken, NJ, USA: John Wiley & Sons, Inc. doi:10.1002/9780470054581.eib651 
[3] Büchs, J., Maier, U., Milbradt, C., & Zoels, B. (2000). Power consumption in shaking flasks on rotary shaking machines: I. Power consumption measurement in unbaffled flasks at low liquid viscosity. Biotechnology and Bioengineering, 68(6), 589–593. doi:10.1002/(SICI)1097-0290(20000620)68:6<589::AID-BIT1>3.0.CO;2-J 
[4] Suresh, S., Srivastava, V. C., & Mishra, I. M. (2009). Critical analysis of engineering aspects of shaken flask bioreactors. Critical Reviews in Biotechnology, 29(4), 255–278. doi:10.3109/07388550903062314 
[5] Peter, C. P., Suzuki, Y., Rachinskiy, K., Lotter, S., & Büchs, J. (2006). Volumetric power consumption in baffled shake flasks. Chemical Engineering Science, 61(11), 3771–3779. doi:10.1016/j.ces.2005.12.020 
[6] Büchs, J., Maier, U., Milbradt, C., & Zoels, B. (2000b). Power consumption in shaking flasks on rotary shaking machines: II. Nondimensional description of specific power consumption and flow regimes in unbaffled flasks at elevated liquid viscosity. Biotechnology and Bioengineering, 68(6), 594–601. doi:10.1002/(SICI)1097-
0290(20000620)68:6<594::AID-BIT2>3.0.CO;2-U 
[7] Mrotzek, C., Anderlei, T., Henzler, H. J., & Büchs, J. (2001). Mass transfer resistance of sterile plugs in shaking bioreactors. Biochemical Engineering Journal, 7(2), 107–112. doi:10.1016/S1369-703X(00)00108-X 
[8] Anderlei, T., Mrotzek, C., Bartsch, S., Amoabediny, G., Peter, C. P., & Büchs, J. (2007). New method to determine the mass transfer resistance of sterile closures for shaken bioreactors. Biotechnology and Bioengineering, 98(5), 999–1007. doi:10.1002/bit.21490 
[9] http://htslabs.com/downloads/CHO-antibody-growth.pdf , retrieved 23 November 2015 
[10] Meusel, W., Löffelholz C., Husemann, U., Dreher, T., Greller, G., Kauling, J., Eibl, D., Kleebank, S., Bauer, I., Glöckler, R., Huber, P., Kuhlmann, W., John, G. T., Werner, S., Kaiser, S. C., Pörtner, R., & Kraume, M. (2016). Recommendations for process engineering characterisation of single-use bioreactors and mixing 
systems by using experimental methods. http://dechema.de/dechema_media/SingleUse_ProcessEngineeringCaracterisation_2016-p-20001485.pdf, retrieved 01.04.2016 
[11] Peter, C. P., Suzuki, Y., & Büchs, J. (2006). Hydromechanical stress in shake flasks: Correlation for the maximum local energy dissipation rate. Biotechnology and Bioengineering, 93(6), 1164–1176. doi:10.1002/bit.20827 
 

 Several procedural parameters for the 500 mL and 5 L Thomson Optimum Growth™ shake flasks (kLa values up to 50 h-1, mixing times of under 1 s, specific power consumptions from 10 to 600 W ∙kg-1) were 

ascertained, enabling researchers to use this cultivation system expediently.  

 An approach for the determination of beneficial cultivation conditions was proposed, adaptable to the needs and limitations of different cell culture cultivations. 

 Further simulations with computational fluid dynamics are already in progress, increasing the range of applicability of the proposed correlations. 

 Validation experiments for the proposed, favorable cultivation conditions with mammalian (Chinese hamster ovary) and plant (Nicotiana tabaccum) cell cultures are currently being carried out. 

• The determination of the mixing time was accomplished with the Iodide-Thiosulfate decolorization 

method, according to the guideline of the DECHEMA expert group single-use technology [10]. 

• The mixing time was determined for 500 mL and 5 L flasks with filling volumes from 20 to 60 % and 

shaking rates from 60 to 250 rpm on Infors Multitron shakers with a 25 and 50 mm throw. 

• Best results (mixing time below 3 s) were generated for high shaking rates (220 rpm for a 25 mm and 

140 rpm for a 50 mm throw) and low to medium filling volumes (20 to 40 % filling volume, Fig. 1).  

Fig. 1: Mixing time for the 500 mL flask with a 25 mm throw (A), the 500 mL flask with a 50 mm throw (B), the 5 L flask with a  
25 mm throw (C) and the 5 L flask with a 50 mm throw (D). From fast (dark blue) to slow (red).  

Experiments were performed in triplicates. 
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Engineering characterization of Thomson Optimum Growth™  
shake flasks with optimized geometry 

The evolution of shaken flasks for biotechnological applications began in the 1940s with the increased interest in the microbial production of antibiotics [1]. The Nobel Prize awarded production of streptomycin by 

Streptomyces actinobacteria showed the main disadvantage of static cultures: slow growth. Hence, shaking platforms were constructed and an already established, readily available vessel was used: the Erlenmeyer flask 

[2]. Nowadays, the usage of shaking flasks is widespread due to their easy handling and thus, those reactors are preferred for use used in upstream processing [3]. 

In recent years, numerous articles about shake flask, e.g. about general engineering aspects [4], power consumption [3, 5-6], or gas exchange [7-8], have been published, underlining the importance of shake flask in 

biotechnology. However, the design hasn’t changed significantly. Erlenmeyer and Fernbach style shake flask are still the predominant designs [2], despite their disadvantages (e.g. the relatively low filling volumes [1]). 

Consequently, the Thomson Instrument Company introduced a new shake flask design for cell cultures (Optimum Growth™), claiming higher yield on the same shaker footprint [9]. This poster gives an overview of different 

procedural parameters for the 500 mL and 5 L Optimum Growth™ flasks, enabling scientist to compare and evaluate the new design and to choose suitable cultivation conditions. 

Methods and Results 

Conclusion and outlook 

Characterizing the mixing time Characterizing the oxygen mass transfer rate (kLa) 
• The oxygen mass transfer rate was determined using the dynamic gassing out method, recommended 

by the guideline of the DECHEMA expert group single-use technology [10]. 

• Firstly, oxygen was stripped from the media with pure nitrogen. Afterwards, the saturation function 

was determined, using pressurized air and an optical dissolved oxygen sensor. 

• Shaking rates and filling volumes were varied similar to the mixing time experiments (Fig. 2). 

• The highest kLa (up to 50 h-1) values were achieved with high shaking rates and low filling volumes 

Fig. 2: Oxygen transfer rates for the 500 mL flask with a 25 mm throw (A), the 500 mL flask with a 50 mm throw (B), the 5 L 
flask with a 25 mm throw (C) and the 5 L flask with a 50 mm throw (D). From low (red) to high (blue).  

Experiments were performed in triplicates. 

Estimating the specific power input 

• The flask Reynolds number, modified Newton Number, and the volumetric power input were 

calculated using a model developed by Büchs et al. [3]. Furthermore, the energy dissipation rate was 

estimated using the analogy of the maximum stable drop diameters proposed by Peter et al. [11]. 

• The fluid behavior was simulated using the open source computational fluid dynamics software 

OpenFOAM with the interDyMFoam solver and the dynamic mesh method (Fig 3.) 

• A specific power consumption of up to 300 W∙kg-1 for the 5 L flask or up to 600 W∙kg-1 for the 500 mL 

flask, respectively, was calculated. 

Determining favorable cultivation conditions 

Fig. 4: Forecasting the sweet spot for the 5 L flask with a 50 mm throw: In the dark blue area, the requirements (mixing time 
below 10 s, kLa above 10 h-1 and average energy dissipation rate of below 100 W kg-1) were met; in the medium blue area, 

two criteria were met; in the light blue area, one criterion was met  

• Finding suitable parameter combinations for cell cultivations is in most cases a compromise between 

sufficient mixing, gas transfer, and suspension on the one hand and an appropriate, not too high 

hydromechanical stress on the other hand (represented by the volumetric power consumption or the 

energy dissipation rate). 

• Hence, advantageous cultivation conditions (‘sweet spots’ as shown in Fig. 4) may be selected, e.g. an 

oxygen transfer rate of above 10 h-1, a mixing time of below 10 s, and a specific power input of below 

100 W∙kg-1. 

Fig. 3: Simulation of the movement of a 500 mL Thomson shake flask with a shaking speed of 150 rpm, a shaking throw of 50 
mm, and a water like fluid (density of 997.05 kg m-3 and dynamic viscosity of 0.8927∙10-6 Pa∙s) with the computational fluid 

dynamics software OpenFOAM 2.4.1 (solver: interDyMFoam solver, method: dynamicMesh) 
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