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Nutrient Feed Control  
of Fed Batch Mammalian Cell Culture Runs  
with In-Line Cell Density Monitors

Some cell culture facilities have developed 
sufficient understanding of their processes 
and control of their bioreactor environments 
to conclude that their optimal feed strategy is 
to simply trigger a nutrient feed event using 
a specific time, at which a target cell density 
is assumed to have been achieved. For ex-
ample, the final cell density and expression 
achieved by a process might be optimized if 
the nutrient feed is done at a 100 hour time 
stamp, which is thought to correspond to a cell 
density target of 1.5 MM cells/mL. However, 
the feed time required for optimal yield is by no 
means a “fixed” value. It depends on the me-
dia used in the bioreactor, the particular strain 
of the cell line, and the purity of the overall 
feedstock. These parameters can affect the 
growth rate so that the target cell density can 
be achieved slightly earlier or later (based on 
elapsed time) than the predictive models. The 
feed event time stamp then becomes inaccu-
rate. Ideally, the actual cell density would be 
measured and compared to a target value.

More sophisticated controls and models do trig-
ger the nutrient feed event based on the target 
cell density itself, by incorporating data from off-
line cell density measurements. Unfortunately, 
off-line cell density measurements are known to 
be relatively inaccurate, especially at the low cell 
concentrations found in the early stages of cell 
culture, when proper timing of nutrient feed is 
most important. Off-line measurements typically 
suffer from dilution and/or sampling errors, and 
the inherent inaccuracy of off-line cell counting 
techniques at low concentrations. In-line opti-
cal density measurements, on the other hand, 
provide real-time information on cell density 
(and hence cell growth rates). Moreover, laser-
based sensors such as the Finesse TruCell, can 
achieve excellent measurement precision even 
at low cell concentration. Figure 1 illustrates that 
in-line cell density measurements are more ac-
curate than their off-line counterparts, especially 
at low cell concentrations. Therefore, real-time, 
in-line optical density measurements can pro-
vide unique data to improve process control de-
cisions for nutrient feed.

Introduction and Motivation In mammalian 
cell culture, the availability of adequate nutrient 
feed (such as glucose) determines cellular mul-
tiplication and growth. Therefore, controlling the 
nutrient feed in a bioreactor is critical to optimiz-
ing the environment in which mammalian cells 
are grown. Improper nutrient feed can result in 
lower yield, or even a failed production run. For 
example, if excess glucose is fed to a bioreac-
tor, the cellular metabolic activity increases and 
results in excess lactic acid, which in turn limits 
cell production, so that a suboptimal cell den-
sity is achieved from the run. In contrast, if the 
nutrients can be fed at a rate that holds the stoi-
chiometric ratio of glucose consumed and lactic 
acid produced at the optimal set point, then the 
cell growth process becomes highly efficient, all 

feed becomes converted to biomass, and prod-
uct yield is maximized. Therefore, knowing the 
growth rate of the cell mass, as well as the cell 
mass concentration, is critical to developing an 
optimal nutrient feed strategy.

Traditionally, the nutrient feed supplied to a bio-
reactor has been based on models whose input 
parameters include estimated oxygen uptake 
rates, off-line cell density measurements, as 
well as data from previous growth runs. In this 
whitepaper, we will show that using only these 
three input parameters for controlling nutrient 
feed and production yield can lead to sub-opti-
mal results. Real-time, in-line measurements of 
cell density and cell mass growth rates should 
also be provided to the growth models. 

Using Time Stamps and Cell Density Thresholds 
to Trigger Feed Events




