Application Data Sheet
ADS 2834-01/rev.B
August 2003

Pharmaceutical Industry

pH CONTROL IN FERMENTATION PLANTS

BACKGROUND

A typical batch fermentation process starts with steril-
ization so that all micro-organisms found in the mash
and reactor are completely destroyed. The mash is
heated in the fermenter or a special cooking vessel by
injecting live steam or by means of steam coils set in
the vessel. Holding the temperature of 121°C (250°F)
for 30 minutes is usually adequate to destroy all living
organisms in the mash. As shown in Figure 1, a heat-
ing/cooling jacket maintains the temperature of the
fermentor.

A fermentation cycle can be divided into two phases:
(1) the growth phase and (2) the production phase.
Initially during the growth phase, cells grow very
slowly while adapting to the reactor environment.
After the adaptation period, the cell culture grows
exponentially, releasing enzymes as a byproduct of
the metabolic process. During the production phase,
the molecular products are formed through a series
of chemical reactions catalyzed by the enzymes. For
many fermentation processes, these two phases are
concurrent.

pH CONTROL

pH is one of the most important chemical environ-
mental measurements used to indicate the course of
the fermentation process. It detects the presence of
specific chemical factors that influence growth,
metabolism, and final product.

For example, the pH of commercial mash of P. chr-
ysogenum (penicillin production) must be closely
monitored and controlled in both the growing phase
and the production phase. Early in the growth phase,
the pH of the mash is carefully maintained between
4.5 and 5.5, depending on the mash formulation. The
range is set to ensure the most favorable condition
for growth. The metabolism of glucose and rapid con-
sumption of ammonia during this phase adversely
affect the medium by lowering the pH. If the medium
is not adjusted, growth may be inhibited and the fer-
mentation may take a long time to reach the optimal
range required for penicillin production.

ROSEMOUNT
Analytical

In the production phase, the organism starts to
metabolize other sugars (lactose) and amino com-
pounds because of the depletion of glucose. The lib-
eration and accumulation of ammonia from the
metabolism of amino compounds will cause the pH to
slowly rise. The pH is allowed to rise to about 7 and
is controlled at this point until the end of production.
Depending on the culture and several other factors, it
has been found that the optimum range for penicillin
production lies between 6.8 and 7.8. The pH is care-
fully monitored and controlled in this range by the
addition of sulfonic acid. Finally, at the end of the fer-
mentation, the pH rises and production stops. Figure
1 depicts the pH control loop implemented on a stan-
dard fermentor.

INSTRUMENTATION

The Rosemount Analytical Model 54e pH/ORP ana-
lyzer and Model Xmt™ Two-Wire transmitter are well
suited for fermentation applications by virtue of their
ease of use. Each has fully descriptive diagnostic
capabilities. Temperature compensation is often not
required because many applications operate near pH
7, which is the isopotential point of the measurement.

In applications where there is a significant change in
the measured pH with temperature change, a sepa-
rate RTD (Pt 100) can be used with either instrument
to provide a temperature compensated pH measure-
ment. When using the Rosemount analyzers, temper-
ature compensation is not limited to conventional
electrode compensation, but can also include com-
pensation for changes in actual solution pH with tem-
perature change leading to more precise pH control.

The pH sensor of choice for fermentation applications
is the Rosemount Analytical Model Hx338 Steam
Sterilizable pH sensor. Designed to withstand repeat-
ed sterilizations to 130°C (266°F) and mounted in
industry standard hardware, the Model Hx338 fea-
tures the tri-triple reference that resists the effects of
poisoning or fouling, while the glass has been specifi-
cally designed for long life at high temperatures.
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INSTRUMENTATION

Model 54e pH
Analyzer/Controller

» Heavy duty NEMA 4X
(IP65) enclosure of
epoxy-painted alu-
minum.

» Easy-to-use-Interface to spell out
each operation.

» Two independent outputs for primary
variable and temperature.

» Three alarms with programmable
logic plus one dedicated fault
alarm.

 Foreign language capability.

* Fully descriptive diagnostic mes-
sages.

Solu Compe® Model Xmtm™

pH/ORP Two-Wire e
Transmitter e
[ ——-

* HART® and FOUNDATION®
Fieldbus compatible.

» Easy-to-read display.
* Easy-to-use menu structure.

 Panel, pipe, and surface mounting
versions available.

* Continuous diagnostics for monitoring
of sensor performance and for warning
or failure indication.

Model Hx338Steam
Sterilizable pH Sensor

* Designed to endure at least |'
20 steam-in-place (SIP) I
cycles before being rebuilt.

* Features tri-triple reference
junction to resist contamina-
tion and coating, and maintain
a drift-free signal.

* Available with various insertion
lengths.

« Disposable and refillable body types

* PG 13.5 sensor threads and holders
with G1-1/4 tank fittings.

 Optional Pt100 temperature com-
pensator and VP connector.
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