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Abstract – The aim of the study was to determine the characteristics of mixing time in a rocking single-

use bioreactor equipped with a 2-litre bag-like container by the sensor method. Results have shown that 

the frequency of rocking movement has the biggest influence on the values of mixing time. 
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Introduction 

Nowadays, single-use bioreactors (SUBs) have gained significant applicability across the 

whole bioprocess and biopharmaceutical industries. The distinctive feature of SUBs is the use of 

disposable bag-like containers, as vessels made from multi-layer plastics [1]. Many different SUBs 

are currently available on the market, with rocking bioreactors being the most popular [2]. The 

liquid phase inside a bag-like container is agitated by the oscillatory movement of the bioreactor 

platform – this motion results in wave propagation on the liquid surface. Rocking bioreactors are 

appreciated for their very gentle mixing mechanism, suitable for fragile biomass, e.g. shear-sensi-

tive mammalian cells cultures and integrated forms of biomass, e.g. hairy roots, and bubble-free 

aeration without sparging equipment [2,3]. 

Hydrodynamical properties of liquid flow inside rocking SUBs are not fully systematised. 

Hence, the aim of this study was to quantitatively determine the influence of operating parameters 

defining wave-assisted agitation on the values of mixing time reached in commercially available 

WAVE 25 bioreactor. Mixing time is a parameter that allows for easy assessment of mixing quality 

inside the system and is recognised as an important feature that affects the applicability of biore-

actors in bioprocess engineering [4]. 

Materials and methods 

ReadyToProcess WAVE 25 (GE Healthcare) bioreactor system was utilised. The bioreactor 

was equipped with Cellbag 2 L disposable bag-like container (Fig. 1). 

The mixing time values were determined using the sensor method. A conventional pH elec-

trode was used (EPP-1, Elmetron, Poland) to monitor pH values after injection of a tracer. Data 

acquisition was performed automatically via a universal meter (CX-401, Elmetron, Poland). The 

electrode was mounted on the upper side of the vessel (Fig. 2).  

Mixing time was defined as the moment in which the value of homogeneity Ho entered 

the range of 100% ± 5% for the last time (based on [4]). Ho was calculated from the following 

equation: 

𝐻𝑜(𝑡) =
𝑝𝐻(𝑡) − 𝑝𝐻0
𝑝𝐻∞ − 𝑝𝐻0

(1) 

In each experiment, 2.5 mL/L of the tracer (NaOH solution, 0.5 mol/L) was added to an HCl 

solution of pH = 3. The measurement of pH changes was started at the timepoint of tracer injection. 

 



 

 
Fig. 1. Experimental setup: ReadyToProcess WAVE 25 

bioreactor and the CX-401 meter connected to a computer. 

 

 
Fig. 2. pH electrode mounted 

on the Cellbag 2 L vessel. 

Four bioreactor operating parameters were investigated with regards to their significant or 

insignificant influence on the values of mixing time: rocking angle, rocking frequency, volume of 

liquid inside the vessel and rocking acceleration. A design of experiments (DoE) approach was 

used to plan the experimental values of the parameters. With three selected values for each param-

eter, a full experimental plan consisted of 81 variants. In total, 243 measurements have been 

performed. 

Results 

Average values of mixing time for the experimental values of operating parameters are pre-

sented in Table 1. 

Table 1. Average values of mixing time based on the experimental data. 

Operating 

parameter 

Experimental 

value 

Average 

mixing time 

(s) 

 Operating 

parameter 

Experimental 

value 

Average 

mixing time 

(s) 

Rocking 

frequency 

(min-1) 

2 451  Volume of 

liquid 

(dm3) 

0.2 72 

21 36  0.6 186 

40 5  1.0 235 

Rocking 

angle (°) 

2 269  Accelera-

tion (%) 

30 160 

7 150  60 166 

12 73  90 167 

Conclusions 

In the studied system, the measured values of mixing time ranged from 3 to 1800 s. Accord-

ing to the acquired data, parameters that significantly influenced the mixing times in a rocking 

bioreactor are the rocking angle, rocking frequency, and liquid volume. The parameter which has 

the most substantial impact on the mixing time was the rocking frequency. The rocking accelera-

tion parameter showed no significant influence on experimentally reached values of mixing time. 

Performed adaptation of the sensor method proved to be an effective way of measuring mix-

ing time in the studied system. The adaptation allows for the potential use of different sensors and 

could be applied in similar setups. 
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