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As part of the validation of the Millistak+® Pod process scale holder, a test was 
completed to demonstrate that the associated feed/filtrate tubing manifold can 
be effectively cleaned in place (CIP) following industry standard procedures. 

The protocol used for this test was adapted from Millipore® SOP 0065357SO, 
rev. A (5/16/03), “Process Vessel CIP Validation Test Procedure."

Technical Brief

Validation of Clean-in-Place Capability 
for the Millistak+® Pod Process 
Scale Holder Tubing Manifold

Objective
The objective of the test is to validate the effectiveness 
of the CIP procedure for the Millistak+® Pod process 
scale manifold. This is done by first fouling or 
contaminating the process hardware (tubing, valves, 
fittings) with a solution of riboflavin. Riboflavin 
(Vitamin B2) is a unique biochemical that fluoresces 
a bright yellow-green when illuminated with UV light. 
After contaminating the hardware with riboflavin, the 
system is then cleaned in place by circulating through 
it a solution of sodium hydroxide, a common cleaning 
agent for sanitary process equipment. After cleaning 
and flushing with water, the system is drained and the 
internal surfaces of the manifold carefully inspected 
under UV illumination for traces of residual riboflavin. 
The absence of visible riboflavin on any internal surface 
validates the effectiveness of the CIP procedure for  
this manifold design. 

Equipment
A three-rack Pod process scale holder was used for this 
test. The 1.5-inch tubing manifold was fitted with the 
standard stainless steel spool piece between the three 
feed and filtrate ports. In addition, a spool piece was 
installed between the feed and filtrate pressure gauge 
mounts (gauges removed). 

A clean-in-place (CIP) procedure for the Pod process scale tubing 
manifold has been established and validated.
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Procedure
1. The hold-up volume of the manifold (including 

stainless steel spool piece) was first measured  
at approximately 3.5 L. 

2. A supply of riboflavin solution was prepared in 
sufficient volume to completely fill the manifold 
tubing. The solution contained 0.2 gm/L riboflavin 
(Sigma® R7649) dissolved in 40% isopropanol/60% 
deionized (RO) water. The solution was mixed for 
one hour.

3. The riboflavin solution was hand-poured into the 
manifold through a top gauge port until completely 
full with all valves open. The solution remained 
in the manifold for approximately one hour. The 
riboflavin was then drained from the manifold. The 
manifold was left open at both top and bottom ports 
overnight to allow any residual riboflavin solution to 
dry onto the tubing, valve and hose surfaces.

4. The following day, the contaminated manifold was 
flushed with water and drained. A solution of 0.1M 
sodium hydroxide was prepared (~5 L). A peristaltic 
pump was fitted to the feed port on the manifold 
and supplied from the caustic solution container. The 
filtrate port of the manifold was fitted with tubing to 
return the effluent back to the supply container.

5. The sodium hydroxide solution was circulated 
through the manifold for approximately 
30 minutes at a flow rate of 3 – 5 L/min. During 
that time, the feed-side valves for each of the 
three filter banks were closed one at a time, 
then opened in succession from bottom to top 
and vice versa. This valve action ensured that 
the caustic solution reached all three manifold 
branches, including all spool pieces. After this 
circulation, with the manifold completely filled, 
the pump was stopped and the caustic solution 
held for another 30 minutes. The caustic solution 
was then drained out and the manifold flushed 
with 10 L of clean water (during flushing, the 
three feed-side valves were likewise manipulated 
to force water to each of the three branches, 
as well as through the gauge port jumper).

Results
The manifold was partially disassembled and a visual 
inspection made of the internal surfaces using a high-
intensity UV lamp. The tubing surfaces at the inlet and 
outlet ports were inspected, as well as the surfaces 
below each of the pressure gauge ports. Two of the 
sanitary valves were removed and inspected along with 
the interior tubing surfaces on either side of the valves. 

None of the surfaces inspected showed any detectable 
fluorescence under UV illumination. The results indicate 
no residual riboflavin contamination inside the manifold 
tubing and valves after executing a standard CIP protocol.


