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CIP processes

Validated cleaning of bioreactors with the CIP-Valve 
By Dr. Karin Koller, Bioengineering AG

The cleaning of biotechnological plants is subject to similar qualification
regulations as the production step itself. The automization of the in-situ
cleaning (CIP cleaning in place) guarantees the reproducibility of the cleaning
processes and therefore enables its validation. Specially designed installations,
such as the CIP-valve, ensure the observance of the highest qualification
standards. 

In biotechnology highest cleaning and hygiene standards must be observed.
Thorough cleaning of bioreactors not only prevents cross-contaminations in
multipurpose plants, but is also the first step to reproducible fermentations.
Cleaning processes especially in the pharmaceutical and food industry and
increasingly in other industry branches are subject to the provisions of the current
Good Manufactuing Practice (cGMP), the Food and Drug Administration (FDA), the
European Hygienic Equipment Design Group (EHEDG) or other regional or
international regulatory agencies.

During the cleaning process of a plant not only the vessel has to be flushed with
suitable solvents, but also all feed lines, air supply and exhaust lines including the
respective valves and filters, and all harvest and sampling valves must be cleaned
in a reproducible way.

During the validation of CIP-processes it must be observed that the fermenter is
cleaned according to the above mentioned regulations, that no product carry-over
or cross-contamination occurs. But a CIP-system is only fully validated when it is
ensured that there is no contact of cleaning agent and product in the production
step (in biotechnology this step usually is represented by the fermentation).
Therefore it must be meticulously ensured that there is no contamination
whatsoever of the fermentation broth by cleaning agents.
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The "block and bleed” principle is often applied to fulfil this requirement. A sterile
valve assembly is located between the CIP feed or return and the product line. The
two valves in the line have to be closed during the production process, and the
valve in the drain line is open to prevent pressurization. 

The cleaning of a plant can be conducted with portable tanks and flexible hoses,
or fully automatized with fixed pipes and tanks. The former method is more space-
saving and flexible and is mainly applied in small plants, especially where several
reactors must be cleaned at limited space.

Automatized Cleaning-in-place (CIP) enhances the reproducibility and enables the
validation of the cleaning process. Integration of the cleaning cycle into
completely enclosed systems additionally enhances the safety in operation.

Validation requires the proven absence of products, ingredients or cleaning agents
above the approved concentrations after the cleaning process. The degree of
cleanliness must be achieved, demonstrated and recorded reproducibly within a
defined range. Therefore sampling takes place at the end of the cleaning process
directly on surfaces (swab-test) or indirectly in less accessible areas by
examination of the rinsing solution. For the direct and indirect samples a variety
of analytical methods are used. These include the measurement of the
conductivity, the pH, the optical density, the protein content or the investigation
of the biological contamination.

Hard-to-clean locations within the plant must be identified and defined for the
validation process. Therefore the plant is contaminated with protein. Then the
protein is stained with a suitable dye and subjected to one rinsing step. The hard-
to-clean locations are identified visually and analysed with particular care after
CIP. For these purposes the cleaned parts of the plant should be disassembled as
far as possible.

After the validation it must be documented that critical parameters, such as the
temperature, the concentration of the cleaning agent, the time, the number of
rinsing cycles and the flow rate are achieved at every CIP-cycle according to the
regulations.
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The choice of the cleaning agents is one of the central factors in the design of a
CIP-process. After fermentation the impurities in the vessel are always organic and
because of the sterilization process they are often dried out or even burnt in at
the margins. Therefore proper cleaning is mostly achieved with several,
successively applied solvents. Often they also have to be neutralized after the
respective cleaning step.

The efficiency of the cleaning process depends not only on the properties of the
cleaning agents, but also on the temperature and the time as well as on
hydromechanical factors. Cleaning of reactors may be achieved with low-pressure
CIP (up to 3 barg), medium-pressure CIP (up to 10barg) or high-pressure CIP (25 to
60 barg). In biotechnological plants the low-pressure technique is most commonly
applied, because it does not harm probes, rupture discs and other fittings within
the vessel and to prevent aerosol formation.

CIP spray heads are used as static, rotating or vertically movable installations.
Rotating nozzels have the advantage of a lower water consumption, but are
disadvantageous in sterile areas. Therefore fixed static CIP-balls prevail in
biotechnology. Because of the absence of rotating parts, those fixed spray heads
can be manufactured entirely of stainless steel. This minimizes the number of
wearing parts and thus the life-span is significantly enhanced compared to
rotating installations. Additionally the performance of spray balls is not
significantly affected by minor changes of the supply pressure. Contrary to
rotating installations spray balls sprinkle continuously all the surface, which leads
to  reduction of the required cleaning time. Most commonly spray balls are
mounted into the upper part of the vessel or into the reactor lid. Therefore the
spraying is exclusively achieved from above. Biotechnologically significant fittings
such as baffles, internal heat exchangers or vertical agitator shafts with blade or
propeller stirrers may cause shadowing when spray balls are used. This means, that
during the cleaning process areas of the interior of the vessel are not sprinkled
with cleaning agent, because the spray is deflected. These areas are classified as
hard-to-clean areas.

Previously shadowing was circumvented by filling the vessel partially or
completely with the respective solvent. Often also heating was required for
satisfying results. This not only decreased the operational safety, but was also
ecologically and often also economically unfeasible because of the high water and
detergent consumption.
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Rotating installations or CIP-valves represent the modern alternative to avoid
shadowing. As mentioned above, rotating spray nozzels often do not fulfill the
requirements of the validation authorities. Therefore the fixed mounted and
immobile CIP-valves are preferred in aseptic applications. These valves are most
commonly used in combination with spray balls. Depending on size and geometry
of the fermenter and the interior fittings one or more CIP-valves are mounted into
the lower part and/or into the bottom of the vessel. This enables the cleaning of
the vessel from below.

The Bioengineering CIP-valve uses a flat jet or cone nozzle to spray the cleaning
agent. The direction and the spray angle of the fan- or cone-shaped cleaning jet
are adapted to spray the agitator or other interior installations from below and
the side. 

Usually the agitator is in motion during the cleaning process. This rotation causes
an additional cleaning effect, because the cleaning agent is subjected to the
centrifugal force of the stirrer blades and thus is catapulted to other areas of the
vessel.

CIP-valves are pneumatically actuated,which enables manual as well as external
control. Thus they can be integrated into fully automatized CIP-processes.

Dead volumes in CIP-valves would increase the danger of contaminations.
Combined with insufficient rinsing during the CIP-process these dead volumes
would place a high risk especially in pharmaceutical applications. Therefore CIP-
valves with dead volumes are not permitted by the authorities. 

To avoid dead volumes and to simultaneously retain the cleaning efficiency, the
Bioengineering CIP-valve is only inserted into the vessel interior during the
cleaning process. During the cultivation process it is sealed off hermetically and
thus fulfills all regulations for the validated operation. Additionally the CIP-valve
is normally closed and therefore only needs control air during the CIP-process. The
closure of the valve is achieved by a spring. Thus failure of the control air cannot
affect the fermentation.
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A possible CIP-process may be performed as follows: Before the proper CIP-cycle
begins, it is advisable to flush the system with water. This is done to verify the
right positioning of the valves and the functionality of the system. Than the actual
cleaning step takes place in example with a diluted acid solution. The acid is
neutralized in the next step with an alkaline solution. Then several rinsing steps
are performed with water (mostly demineralised water of WFI). All steps are
repeated until the reactor is cleaned according to the regulations, resp. until
analysis proofs the success of CIP.

In biotechnology all processes are conducted aseptically, the CIP-cycle preceeds
the sterilization. Therefore the SIP- (sterilization-in-place) and the CIP-process are
highly related. All areas which are flushed with the cleaning solution must be
steam sterilized as well. Of course the CIP-valve is no exception. Aseptically
applicable CIP-valves thus must be equipped with a steamable fitting and a
condensate outlet.

The sterile technology places the highest demands to the design of installations
for the ever developing advancements in fermentation techniques. At the same
time the cleaning procedure and the sterilization process also represent a vast and
interesting field for the solution of problems, especially under the light of the
strict regulations of regulatory authorities such as the Food and Drug
Administration. Since CIP-valves are aseptically sealed during the fermentation
step and thus exclude the possibility of shadowing and minimize the hard-to-
clean locations inside the vessel, they enable the cleaning of bioreactors according
to regulations.  Together with other installations and fittings they can be
integrated in plants to ensure a functioning and validated cleaning process.
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