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The fermentation of microorganisms and 
eukaryotic cells in bioreactors is one impor-
tant aspect of biotechnological research and 
production. Pharmaceutically relevant pro-
teins, enzymes for biocatalytic use, as well 
as dietary supplements such as vitamins or 
antioxidants, are among the large range of 
products developed and manufactured in 
the pharma, chemistry and feed and food 
sectors using bioreactor technologies. 

The complexity of biological systems, as 
well as increasing regulatory requirements 
(e.g. the FDA’s Process Analytical Technol-
ogy initiative - PAT) demand a more and 
more extensive, detailed and standardised 
acquisition and documentation of bioproc-
ess data. Whereas ten years ago, fewer than 
fifteen different process data points were 
tracked during conventional bioreactor fer-
mentations - now, as many as to forty data 
points are collected in a well equipped 
system. Moreover, descriptive data like the 
organism used for the process, the media 
composition, cultivation profiles or the 
achieved product yields need to be corre-

lated and included into the analysis. There-
fore, comprehensive and integrated tools for 
information management and evaluation 
are required.

Data generation in fermentation 
processes
During the complete runtime of a biore-
actor cultivation process, data is gener-
ated. On the one hand, online process 
data such as temperature, pH level, dis-
solved oxygen, optical density, or exhaust 
gasses like oxygen and carbon dioxide, 
are continuously logged. Usually these 
parameters are recorded in short time 
intervals of minutes or even seconds. On 
the other hand, less frequently collected 
data from external analytical devices are 
recorded hourly or daily. This kind of 
data might describe cell numbers or con-
centrations of substrates, products or 
by-products. Data from external ana-
lysers is conventionally obtained in an 
offline manner by manual sampling and 
transferred to the control software as 
offline data. Open connectivity achieved 

by communication protocols like OPC 
(Openness, Productivity & Collabora-
tion) find their way into pharmaceuti-
cal and biotech industries and tend to 
be the key to comprehensive process 
data management. By OPC integration 
of analysers, analytical data from samples 
can be automatically transferred to the 
system to be stored together with the 
primary process data. Combined with 
auto-sampling techniques, a fully auto-
mated sampling and even a close loop 
feed-back of analytical data is possible. 
Consequently, OPC technology opens 
the possibility for easy automation of 
a broad range of analyses and thereby  
complies with the requirements of the 
FDA’s PAT initiative. Furthermore, any 
up-to-date information management 
approach has to consider the aspect of 
external data integration.

Systems running in parallel like the DAS-
GIP Parallel Bioreactor System,   where 
four to sixteen bioreactors are used at 
the same time, are widely accepted as 
powerful tools to provide a systematic 
approach in strain development, media 
or process optimisation. Industrial deci-
sion makers appreciate the time and lab-
oratory savings, as well as the improved 
reproducibility. Furthermore, they ben-
efit from direct comparability of process 
data between different bioreactors and 
from the opportunity to implement new 
technologies like Design of Experiment 
(DoE). However, these systems generate 
an enormous quantity of process data 
even in a single experimental cycle. For 
example, for a typical set of eight paral-
lel microbial fermentations this means 
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eight reactors with about 30 process 
data points per reactor to be recorded 
every 30 seconds. Thus, each of these 
tracks represents approximately 3000 
values per day; for the sum of all reac-
tors this is about 700,000 values. Based 
on an average fermentation runtime 
of two days per week, you get 1.4 mil-
lion values per parallel run. This data 
amount equals roughly 10 MB of stor-
age capacity. In cell culture applications 
the same amount of data is recieved: 
the longer mean runtime compared to 
microbial applications is compensated 
by less experiments per time and longer 
logging intervals. On average about 500 
MB of raw process data is generated in 
the system's process database every year 
using such a parallel bioreactor system 
- even if data reduction techniques are 
used. In relation to today’s hard-drive 
storage capacity the amount of data is 
no longer considered critical, however 
more and more attention has to be paid 
to the ability to retrieve information.

Focussing on a single laboratory, the 
bioreactor controller can be considered 
as the local data centre aimed to pro-
vide the necessary data mining func-
tionality. On a more global scale, large 
process information software solutions 
with extended data mining capabilities,  
as well as historians with sophisticated 
data reduction algorithms, concentrate 
and harmonise data generated in proc-
ess development, pilot scale and manu-
facturing. The definition of general-
ised tags for the data points in such a 
system is a challenge, as lots of widely 
spread workgroups have to be involved. 
Since the bioreactor controller is only 
a small data provider in such a system, 
OPC and open database connectivity 
(ODBC) are again the key for integra-
tion into these large process informa-
tion solutions.

Turning process data into  
valuable process information 
Bioreactor control software tradition-
ally only covers the recording of the 
raw process data, as described above, 

in combination with an event record. 
However, for later investigations of 
fermentation and cultivation proc-
esses, or to compare individual histor-
ical runs, it is neccessary to add more 
detailed process describing informa-
tion into the analysis. First of all, gen-
eral descriptions on the experimental 
setup e.g. the bacteria strain or cell 
line, the chemical composition of the 
cultivation media, nutrients utilised as 
feeds, controller set-points and param-
eters, as well as feeding profiles, have 
to be recorded during preparation 

[Figure 1]. Furthermore, the profound 
knowledge about post-process analytics 
e.g. achieved product yields, viable cell 
densities or a general quality valuation,  
turn raw process data into valuable proc-
ess information and thereby allow com-
prehensive analysis. 

This context information is usually not 
kept together with the runtime data but 
organised by the individual working 
groups in spreadsheets or sometimes in 
individual databases. Such information  
usually contains less than 100 values per 

Figure 1. Bioprocess information generated within a parallel cultivation process.
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run and can be ignored - compared to 
the amount of process data generated. 
However, this particular information 
is the key to any targeted information 
retrieval or so called 'data mining'. Only 
the easy access to context information in 
combination with powerful query tools 
turns process data into valuable process 
information.

Information Management Tool 
for Parallel Bioreactor Systems
DASGIP has extended its Bioreactor 
Control Software by an integrated bio-
process information and documentation 
management tool, which particularly 
serves the demands of parallel bioreactor 
cultivations [Figure 1]. This tool ensures 
that all information during the whole 
lifecycle of a cultivation, beginning with 
the preparation (recipe management), 
continued by the process run and up to 
the post-process analytics, is collected 
and linked together. Online process data 
is completed with any user defined addi-
tional process information needed. A 
data mining wizard provides an intuitive 
query interface to select a set of runs 
that are automatically exported into a 
comprehensive MS-Excel worksheet for 
further analysis. 

Recipe Manager
Prior to the fermentation or cultivation 
run, all static parameters of the experi-
mental setup are defined as a recipe in 
an intuitive operable user interface. The 
recipe manager enables a smart com-
piling of individual parallel protocols 
clearly laid out in tabular form, as well 
as the convenient management of full 
sets of recipes where modifications like 
parameter variations are eased up by the 
use of a copy and paste functionality. 
During the run, the online process data 
is recorded and can be replenished with 
off-line data from external analytical 
devices (i.e. glucose concentration, OD, 
cell density). OPC connectivity opens the 
possibility for an at-line integration of 
external data, thus addressing different 
degrees of laboratory automation. 

Data Mining Wizard
Upon completion of a bioreactor run, 
the collected process information can be 
rounded off by the addition of the post-
process analytical data, such asthe prod-
uct yield and maximum growth rate, etc. 
The integrated data mining wizard allows 
the target-oriented data retrieval. The 
complete database can be searched for 
all datasets sharing similar key param-

eters by applying a SQL (Structured 
Query Language) -like query interface. 
As shown in Figure 2, input fields in the 
column headers of the parameter table 
are used to enter the query criteria. To 
select, for example, all processes where 
the E. coli strain K12 was used for the 
production of a certain product achiev-
ing a product yield of at least 0.2 g/L, 
these two parameters are entered in the 
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input fields for column ‘Cell Line’ and 
‘Yield’, respectively. Step by step the table 
is reduced, showing only the runs match-
ing the search criteria [Figure 2]. 

Documentation Wizard
All runs, selected as a query result, 
including their recipes, process data 
tracks, as well as events, and user 
defined content information, can be 
directly exported to MS-Excel by a 
single mouse click. The documentation 
wizard for MS-Excel generates a com-
prehensive documentation of each run. 
Online data tracks of current runs and 
historical runs can be compared to each 
other, whereas a chart creator automat-
ically creates charts populated with the 
selected tracks (i.e. pH and dissolved 
oxygen) from a subset of runs. 

The information management tool 
thereby ensures not only comparability 
of data generated in successive experi-
ments or within one project but also 

makes it possible to analyse, at any 
time, historical data stored in the data-
base under new foci. 

Closing note
The increasing complexity of cultiva-
tion processes and new approaches like 
the FDA’s PAT initiative has led to the 
need for comprehensive information 
management tools for the large amount 
of data generated by such biotechno-
logical processes. Tools are needed that 
can store the online data along with 
descriptive key parameters from reci-
pes, as well as external analytical data, 
derived either during or after the proc-
ess. The integrated data management 
tool mentioned in this article provides 
a straight forward approach. On the one 
hand, it enables sophisticated software 
functionality for the control of small-
scale parallel bioreactors. On the other 
hand, the OPC connectivity opens the 
integration into third-party supervisory 
process information systems. 
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Figure 2. DASGIP Bioprocess Information Management System.
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