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INTRODUCTION
In development of intelligent, adaptive substrate feeding strategies it is useful to 
integrate online-process-data for monitoring the physiological cell status which 
enables a suitable nutrient supply to increase the total product yield. Therefore 
we are using an integrated multivariate glucose measuring tool (Trace C2 
Control System by Trace Analytics GmbH) combined with software solutions 
(BlueVis software by BlueSens gas sensor GmbH) which allow different types of 
feeding-strategies. The implementation of a regulator in a controlled fermentation 
can reduce overfl ow metabolism by regulating the glucose supply [2; 5]. In this 
context the use of the integrated-online software opens possibilities for the 
optimization of fedbatch fermentations by online measurements and process 

control. The increase of substrate supply can be automated to vary the feeding 
intervals and prolong the production phase by using “soft-sensors”. Feeding-
Profi les which are depending on the current bacterial growth phase can cause 
a cellular adaption to the supplied mass of substrate. In consequence this work 
should lead to a variable and feedback-controlled process regulation (FCPR) 
which is dependent on nutrient claims of the cell. By using this FCPR-model a 
dynamic process control is achieved. The aim of this project is a better under-
standing of the infl uence of in-process-glucose-variations on microbial metabolic 
activities and resulting process optimizations.

CONCLUSION AND OUTLOOK
 » theoretical feed-regulation concept was developed

 » successful transmission of “soft-sensor” based 
regulation strategy to real microbial fermentation 
process was shown

 » adaptive and automated glucose feeding dependent 
on current substrate consumption of bacterial culture 
was possible

 » automation and real-time calculation of substrate 
supply showed some deviations in real fermentation 
process from theoretical model

 » further approaches will optimize the automated 
calculation of needed substrate

IN COOPERATION WITH:

RESULTS: FED-BATCH FERMENTATION 
WITH ADAPTIVE FEEDING STRATEGY

FEEDBACK-CONTROLLED PROCESS REGULATION – (FCPR) STRATEGY
Variations in glucose concentration have a measurable effect towards metabolism 
which leads to an adaption-process resulting in a differing substrate demand. The 
regulation strategy reacts to the current substrate consumption of the bacterial 
culture and enables an adapted substrate feeding. A specifi c increase of the cell’s 

own glucose transport systems can be achieved by short timed limitation of glucose. 
Under glucose limitation, the restricted amount of energy is used as effi cient as 
possible due to the optimization of the affi nity of glucose transporters [1; 3; 4]. 

∆S =  substrate-consumption-rate g/l  
=  volume at time 0 
=  substrate concentration at t0 time 
=  substrate concentration at t1 time 
=  minimal substrate threshold value 

∆t =  time span to reach Cs,min depending on ∆S  
∆(t1) =  pre-adjusted time interval 

=  volume at  t1 time 
=  substrate concentration of feed-medium 
=  substrate concentration to be added to the   

culture to reach Cs, min in adjusted time span 

∆S = V(t0) * ( –

∆𝒕𝒕 = V(t0) ∗ (Cs(t1) – Cs,min) 
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Calculation of  current substrate consumption 

Calculation of time to reach adjusted minimal glucose threshold value 

Calculation of glucose concentration to feed for optimal substrate supply 
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