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1. Introduction
Single use systems are an innovative alter-
native to conventional stainless steel biore-
actors. Compared to reusable systems they 
are highly flexible, because all connections 
are disposable and offer the opportunity to 
be adapted to the particular application. 
Costs are reduced by eliminating the space 
consuming and expensive CIP/SIP installa-
tions. The production turn around time is 
also reduced dramatically. The risk of cross 
contaminations is eliminated almost com-
pletely because every component, which is 
in direct product contact, is discarded after 
the fermentation. In combination with the 
reduced validation effort, this eventually 
results in a shorter time to market (Eibl et 
al., 2009). 

Many different options of single use biore-
actors, with pre sterilized cultivation cham-
bers, exists on the market. They differ in 
terms of shape, the type of aeration and 
agitation. Most of these systems rely on 
different design principles as their stainless 
steel counterparts. Therefore, the process 
transfer and scale up from single use to 
reusable bioreactors is often difficult.
The BIOSTAT ® CultiBag STR (Sartorius 
Stedim Biotech) is the first and only single 
use bioreactor, which was engineered 
based on the well characterized principles 
of classical reusable bioreactors. They have 
a cylindrical cultivation chamber, impellers 
mounted on a rigid shaft and the aeration 
is carried out by a submerged sparger.

The single use bag has a height to diameter 
ratio of 2:1, with a convex bottom and the 
harvesting port at the lowest position. This 
bioreactor is available in the scales 50 L, 
200 L, 500 L and 1000 L as a cell culture 
system. For the agitation the opportunity 
of a 6-blade-disk and 3-blade-segment 
impeller exists. All materials, which are in 
contact with the fermentation broth, are 
USP class VI compliant (Noack et al., 2011).

Nowadays, single use bioreactors have 
become widely accepted for cell cultural 
applications. Reports about the successful 
use for microbial cultivations are rare. 
Commonly the oxygen transfer of these 
systems is to low to match the demand of 
fast growing microorganisms.

Single use products offer many advantages 
in manufacturing processes, due to this 
they have become widely accepted for cell 
cultural applications (Eibl et al., 2009). 
Nowadays, reports about microbial  
application are rarely found in single use 
bioreactors, commonly because the oxygen 
transfer is a limiting factor. The BIOSTAT ® 
CultiBag STR 50 plus MO is a single use  
bioreactor, which is specially designed  
to fulfil the requirements of microbial  
cultivations.

An Escherichia coli fed batch cultivation 
was carried out to prove the suitability of 
this system for microbial application. A cell 
density of OD600 = 160 (DCW = 60.8 g/L) 
was achieved. Furthermore, the oxygen 
transfer of the system was sufficient meet 
the requirements of the cells. Based on  
this, E. coli high cell density cultivations 
under aerobe conditions are possible in  
the BIOSTAT ® CultiBag STR 50 plus MO.

In a parallel cultivation performed in a 
stainless steel fermenter and single use  
bioreactor similar results were obtained. 
Therefore, a process transfer and scale up 
from the described single use system to a 
stainless steel fermenter or vice versa is 
possible.  



The BIOSTAT ® CultiBag STR 50 plus MO (see figure 1) is a further 
development of the well established STR 50 cell culture version. 
The stirrer speed and therefore the power input have been 
increased compared to the basis system. Furthermore, the aeration 
rates are adapted to microbial requirements. As a consequence,  
the oxygen transfer of this bioreactor is significantly improved. 
Volumetric mass transfer coefficients (kLa) above 150 h-1 can be 
achieved with this bioreactor (data Sartorius Stedim Biotech). 

Figure 1: BIOSTAT ® CultiBag STR 50 plus MO.

The adaption to microbial applications makes modifications neces-
sary. To avoid disadvantage flow characteristics at higher stirrer 
speeds baffles are installed at the outside of the cultivation cham-
ber (see figure 2 a). Due to the increased gas flow, needed for 
microbial fermentations, the humidity can cause a blockage of the 
exhaust gas filters. Therefore, a single use exhaust gas cooler is 
installed (see figure 2 b).

a b

Figure 2: (a) Baffles, (b) single use exhaust gas cooler.    

In this application note, we present a high cell density Escherichia 
coli cultivation in the BIOSTAT ® CultiBag STR 50 plus MO. A fed 
batch process with an exponential increasing feeding rate was car-
ried out. The results are compared with the established stainless 
steel fermenter BIOSTAT ® C+.

2. Material and methods

2.1 Bacterial strain
For the cultivation Escherichia coli BL21 (DE3) 
(Novagen, Merck, Darmstadt, Germany) was applied.

2.2 Used cultivation media

2.2.1 Composition LB-medium
For the preparation of the first seed culture in 50 mL CultiFlasks 
LB-medium was used. It contained 20 g/L LB-medium powder 
(Roth). For the sterilization it was autoclaved 20 minutes at 121°C.

2.2.2 Composition defined medium
For the following cultivation steps a defined mineral salt medium 
was used (Riesenberg et al., 1991). It contained KH2PO4 (13.3 g/L), 
(NH4)2HPO4 (4.0 g/L), C6H8O7 (1.7 g/L), D+glucose (10 g/L), 
MgSO4·7H20 (1.2 g/L). Additionally, a trace element solution was 
added to supply the medium with (final concentration) CoCl2·6H20 
(0.25 mg/L), CuCl2·2H20 (0.15 mg/L), H3BO3 (0.3 mg/L), 
Na2MoO4·2H20 (0.25 mg/L), Zn(CH3COO)2·2H20 (0.8 mg/L), Titriplex 
III (0.84 mg/L), Fe(III)citrate (6 mg/L) and MnCl2·2H20 (1.23 mg/L). 
The medium was sterile filtrated by a Sartopore® 2 
(Sartorius Stedim Biotech) with a pore size of 0.2 µm.

2.2.3 Composition feed solution
During the cultivation in the STR 50 plus MO a feed solution, con-
taining 770 g/L glucose, was supplied. The corresponding amount 
was solved in RO-water and autoclaved. Afterwards, a 400 g/L 
MgSO4·7H20 stock solution was added to achieve a concentration 
of 19.7 g/L. The stock solution was added by sterile filter (Sartolab, 
Sartorius Stedim Biotech) with a pore size of 0.2 µm.

2.3 Cultivation steps
The first seed culture was prepared in 50 mL CultiFlasks (Sartorius 
Stedim Biotech) filled with 10 mL LB-medium (see chapter 2.2.1). 
For the second seed culture a 1 L Erlmeyer flask filled with 200 mL 
defined medium (see chapter 2.2.2) was used. The incubation of 
the first and second seed culture was carried out in a shaking  
incubator (Certomat IS, Sartorius Stedim Biotech) at 37°C, 150 rpm 
(orbit diameter = 50 mm). 

Afterwards, the third seed culture, was cultivated in the BIOSTAT ® 
CultiBag RM 20/50 optical system (Sartorius Stedim Biotech). For 
the temperature control a cooling coil was mounted. As cultivation 
chamber a 10 L CultiBag RM optical was used. It was filled with  
5 L defined medium (see chapter 2.2.2).

The rocking angle was set to its maximal value of 10°. The aeration 
rate was set to a constant flow of 4 Lpm and the rocking rate to  
35 min-1. If necessary, pure oxygen was supplied to the system. 
The pO2 was controlled to 50 % and the pH to 6.8 by the supple-
mentation of 20 % ammonia solution. The temperature was  
controlled to 37 °C. The cultivation conditions were maintained  
by a Digital Control Unit tower (DCU, Sartorius Stedim Biotech).



2.5 Fed batch cultivation
For the cultivation in the BIOSTAT ® CultiBag STR 50 plus MO a fed 
batch strategy with exponential supplementation of the limiting 
substrate was used. After the consumption of the initial glucose  
in the medium the feed solution (see chapter 2.2.3) was supplied. 
The added amount of feed solution was calculated by equation 1.

Equation 1:

F(t)  = µSet · XO · VO exp (µSett)
 YX/SSFeed

F(t)  –  flow rate feed solution [gglucose/h]
µSet  –  fix value of the specific growth rate [h-1]
YX/S  –  yield coefficient [gDCW/gglucose]
XO  –  initial cell density at feed start [gDCW/L]
VO  –  initial volume [L]
SFeed  –  concentration of the feed solution [gglucose/L]

The specific growth rate was controlled to 0.1 h-1. 
For the cultivation in the BIOSTAT ® C+ the same µSet was used.

3. Results
After the inoculation of the systems samples of the fermentation 
broth were taken in an interval of one hour. To get a statement 
about the growth behaviour the optical density was determined  
at 600 nm (OD600). Furthermore, the metabolism was examined 
by the measurement of the glucose and acetate concentration in 
the medium.

In figure 3 the characteristics of the OD600 and the specific growth 
rate for the STR 50 plus MO and C+ are compared. For the time 
prior the feed start (batch phase) the cell density increased expo-
nential in both systems. At the end of the batch phase  
(t = 9 h) the cell density in the STR 50 plus MO was OD600 = 13.9 
(DCW = 5.2 g/L). For the C+ the optical density was at the end  
of the batch phase 13 (DCW = 4.9 g/L). Therefore, the yield  
coefficient for the STR 50 plus MO was YX/S = 0.52 gDCW/gglucose and 
YX/S = 0.49 gDCW/gglucose for the stainless steel system, respectively. 
The inoculation volume for the STR 50 plus MO cultivation  
was 3 times higher compared to the fermentation in the C+.  
This results in a shorter batch phase.

After the supplementation of the feed solution (fed batch phase) 
the cell density further increased exponential in both systems. 
Because the specific growth rate was controlled to a value below 
µmax the slope of the growth curve was lower compared to 
the batch phase. After approximately 39 h a cell density of  
OD600 = 162 (DCW = 61.7 g/L) was determined for the stainless 
steel system. In the STR 50 plus MO an optical density of  
160 (DCW = 60.8 g/L) was measured.

For the fermentation of the main culture a BIOSTAT ® CultiBag STR 
50 plus MO with a double wall system was used. The temperature 
was controlled by the cooling unit Frigomix 2000 (Sartorius Stedim 
Biotech).

The used CultiBag STR 50 had the configuration 6-blade-disk 
impeller (bottom) and a 3-blade-segment impeller (top). For the 
aeration a ring sparger with 5 holes and a diameter of 0.8 mm was 
installed. Depending on the oxygen demand the agitation rate  
was varied between 250 – 370 rpm and the aeration rate between 
5 – 20 Lpm. If necessary, pure oxygen was supplied. The kLa-value 
for these settings and bag configuration is 163 h-1 (data Sartorius 
Stedim Biotech). 

To avoid vortexing effects at higher stirrer speed baffles were 
installed outside the cultivation chamber. Because a high humidity 
can cause blocking of the exhaust gas filter a single use exhaust 
gas cooler was installed. The initial volume was 30 L (defined  
medium, see chapter 2.2.2) and 10 L feed solution (see chapter 
2.2.3) were added during the cultivation.

The temperature was controlled to 28 °C and the pO2 to 20 %. 
By the supplementation of 20 % ammonia solution the pH was set 
to 6.8. The pO2 and pH were measured during the cultivation by 
classical probes (Hamilton) and optic chemical sensors (PreSens). 
With a Digital Control Unit (DCU, Sartorius Stedim Biotech)  
the control of the cultivation conditions was carried out.  
For the comparison of the results a cultivation in a stainless steel 
fermenter (BIOSTAT ® C+ 10-3, Sartorius Stedim Biotech) was 
carried out. The cultivation conditions were the same like for  
the STR 50 plus MO.

2.4 Materials
–  BIOSTAT ® CultiBag STR 50 plus MO single use bioreactor 

(Sartorius Stedim Biotech)

–  CultiBag STR 50 disposable bioreactor bag  
(Sartorius Stedim Biotech) containing a 6-blade-disk impeller 
(bottom), a 3 blade-segment impeller and a ring sparger

–  BIOSTAT ® CultiBag RM 20/50 optical system 
(Sartorius Stedim Biotech)

–  10 L CultiBag RM optical disposable bioreactor  
(Sartorius Stedim Biotech)

–  Flexel® 3D LevMix mixing system (Sartorius Stedim Biotech)

–  BioWelder tube welder for thermoplastic tubes  
(Sartorius Stedim Biotech)

–  BioSealer tube sealer for thermoplastic tubes  
(Sartorius Stedim Biotech)

–  Frigomix 2000 cooling unit (Sartorius Stedim Biotech)



A constant µ of 0.4 h-1 was determined for both systems during 
the batch phase (0 – 12 h for the C+, 0-9 h for the STR plus MO). 
This corresponds to the maximal specific growth rate at 28°C  
(Dreher, 2010). After the feed start µ decreased. It was possible  
to control the specific growth rate to 0.1 h-1.
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Figure 3:  Growth behaviour during the Escherichia coli cultivations in 
the BIOSTAT ® CultiBag STR 50 plus MO and BIOSTAT ® C+. 
The characteristics of the OD600 and specific growth rate are shown.

 
To guarantee ideal growth behaviour it is necessary to control the 
cultivation conditions (see figure 4). One important factor is the 
pH-value. For the whole cultivation it was possible to keep the  
pH in the defined range around the set point for both systems.

The yield of E. coli is significantly higher under aerobe conditions. 
Therefore, a control of the dissolved oxygen concentration is 
advantageous. During the cultivations the pO2 was close to or 
above the set point of 20 %. Based on this, aerobe cultivation  
conditions were guaranteed in both systems. 
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Figure 4:  Cultivation conditions. 
The characteristics of the pH and pO2 are shown.



For the measurement of the pH and pO2 two different measuring 
principles were used. In figure 5 the measured data of the optic 
chemical and classical sensors are represented. The values for the 
pO2 as well as the pH of both measuring principles showed only 
low deviations.
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Figure 5:  Comparison of the optic chemical sensors and the classical probes. 
The characteristics of the pH and pO2 are shown.

To make conclusions about the metabolic activity during the  
cultivations the glucose and acetate concentrations were deter-
mined (see figure 6 a,b). The initial glucose concentration was 9 g/L 
for the STR 50 plus MO and 9.8 g/L for the C+. At the end of the 
batch phase the submitted glucose was consumed. During the  
supplementation of the feed solution no glucose was detectable. 
Hence, it can be assumed that the entering glucose was immedi-
ately consumed.

One metabolic product of E. coli is acetate, which is produced 
under oxygen limiting conditions or by overflow metabolism. It 
can have an inhibitory and at higher concentrations a toxic effect. 
The characteristics of the acetate concentrations are shown in  
figure 6 a) and b). No accumulations were observed during the  
cultivations. Therefore, neither overflow metabolism nor oxygen 
limitations occurred.
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Figure 6:  Analysis of the metabolism. 
The acetate and glucose concentrations are shown.  
Characteristics of the (a) BIOSTAT ® CultiBag STR 50 plus MO, 
(b) BIOSTAT ® C+.



4. Discussion
The BIOSTAT ® CultiBag STR 50 plus MO is a modified version of 
the well established cell culture bioreactor. It is a single use  
bioreactor, which is engineered completely on principles known 
from reusable bioreactors. To examine this system for microbial 
suitability an Escherichia coli fed batch cultivation was carried out.  
A cell density of OD600 = 160 (DCW = 60.8 g/L) was achieved. 
This is comparable to industrial E. coli cultivations in stainless 
fermenters. Hence, the results show that microbial high cell  
density cultivations are possible in the BIOSTAT ® CultiBag STR 50 
plus MO.

During the cultivation the pO2 was close to or above the set point. 
Therefore, aerobe conditions were ensured. This implies that the 
oxygen transfer is sufficient for microbial cultivations. 

The control of the pH was possible and no accumulation of glucose 
or acetate occurred. Hence, the cultivation conditions were opti-
mal for E. coli during the fermentation.

The measured values of the optic chemical and classical sensors 
were approximately similar. Based on this, both measuring  
principles are suitable.  

To compare the results a cultivation in the stainless steel fermenter 
BIOSTAT ® C+ was performed. No significant differences were 
observed between the stainless steel system and the STR 50 plus 
MO. Therefore, a process transfer or a scale up with the presented 
single use system to a stainless steel fermenter or vice versa is  
possible.
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