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aha The use of Radial Flow Column (RFC) for large-scale
:laise . chromatography processes

Radial Flow Chramatography

Huge Market Growth | Lactoferrin (LF) is found in the milk of all mammalians, like in milk and whey derived from
cow milk. It is an 80 kDa iron-binding protein and represents about 0.3 % of the total protein content of bovine
milk, which equals 60 - 200 mg/I. The thermal stability is 55°C.

Lactoferrin is a very powerful protein: it has antibacterial, antiviral, antifungal, anti-tumor, anti-inflammatory and
anti-allergic effects. Isolated from bovine milk, it is therefore a popular additive for foods such as functional food
or sports nutrition. The use of lactoferrin has exploded in recent years, particularly as a supplement for baby
nutrition.

Picture description: RFC columns for lactoferrin purification

Column Chromatography | In chemistry, chromatography refers to all those physico-chemical separation pro-
cesses in which the separation process is based on the distribution of a substance between a mobile and a sta-
tionary phase. Different substances of a sample are retained to different degrees by the stationary phase, while
the mobile phase takes over the transport. Chromatography is divided into different types based on the interac-
tion between the resin and the target substance, such as ion exchange, affinity or size exclusion chromatography.
Also adsorption processes play an important role.

In ion exchange chromatography, substances can be separated according to their charge. It is based on the for-
mation of heteropolar bonds between the matrix and the mobile phase, whereby the desired charged protein
binds. The elution can be done by means of gradients. As soon as the charge binding between eluent and protein
is higher than between matrix and protein, the protein migrates into the solution. By detecting the absorption
at 280 nm, any passing protein can be detected as a peak. In lactoferrin purification, LF is obtained by ion ex-
change chromatography.

For chromatography processes that take place in a fixed bed, there are currently two common chromatography
columns used: the axial flow column chromatography column and the radial flow column chromatography col-
umn.



What is Radial Flow? |In radial flow chromatography, the column bed is in a circular ring-shaped cylinder. The
flow through the bed takes place in a radial direction along the bed. The separation distance is therefore always
the same from the smallest to the largest scale, only the height of the cylinder changes. The radial flow stands
for a continuous flow and high flow rate through the entire adsorber (24/7), a low differential pressure at a high
flow rate, the processing of large feed volumes and a good scalability by increasing the separation distance of
the corresponding radial flow column.

Radial flow chromatography offers numerous advantages over axial columns:

e Higher flow rate

e  Faster packing time

e Lower pressure drop

e Compact and lighter

e More even flow through the resin
e Higher efficiency

For beer applications, our Handtmann columns allow a processing flow rate of ~ 22,000 litres per hour, for milk
applications ~15,000 litres per hour.
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Picture description: Radial throughflow

Axial- vs. Radial Flow Column | Radial flow chromatography columns direct the mobile phase from the center
outward to the periphery. This configuration results in significantly shorter flow paths and larger cross-sectional
areas, which can enhance flow rates and reduce pressure drops. As a result, radial flow columns are particularly
well suited for large-scale applications where throughput and efficiency are critical. In contrast, axial flow col-
umns guide the fluid along the vertical axis of the column, resulting in longer flow paths and potentially higher
pressure differentials. These characteristics can limit scalability and operational efficiency in high-throughput
settings.
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Picture description: Example for axial- and radial flow chromatography flow patterns

Is it Feasible to convert existing Processes from Axial to Radial Flow Columns? | Yes, the conversion of existing
processes from axial to radial flow columns is feasible in many cases, especially since most ion-exchange chro-
matography processes are not dependent on the direction or distance of separation. The advantages of radial
flow chromatography provide a strong justification for such a transition: they operate at substantially lower pres-
sure compared to axial configurations, enabling higher flow rates and, consequently, greater throughput within
the same processing time. Moreover, while scaling up axial flow columns often require significantly larger diam-
eters, radial flow designs offer a more compact footprint. Additionally, axial systems are more susceptible to wall
effects during scale-up, which can adversely affect performance —an issue that is greatly minimized in radial flow
configurations.

How to extract Lactoferrin from Milk | For the industrial extraction of the protein lactoferrin from milk and
whey, radial flow columns are used. The whole milk is collected at dairy farms and stored in refrigerated condi-
tions until quality test passed and transported to a dairy processing facility. Once the milk arrived to dairy facility,
it undergoes cream separation to remove fat and collect skim milk. Then the skim milk goes through a pasteurizer
to kill pathogenic bacteria before any further process. For bovine lactoferrin (bLF) purification, the ideal option
is to extract the lactoferrin before the pasteurizer process step since Lactoferrin is not very heat-resistant. In
such cases, skim milk is pumped through a chromatography column packed with a suitable resin (strong ion
exchanger) until the maximum binding capacity of the resin has been reached. The column is then washed with
water and low salt buffers, before the bovine lactoferrin is eluted by applying a buffer with high salt solution.
Afterwards the resin in the column is regenerated for next purification cycle by a CIP procedure using sodium
hydroxid (NaOH). The purified lactoferrin-/salt solution is further processed to remove the salt and concentrate
the solution by diafiltration (DF) and ultrafiltration (UF). LF is further concentrated using a second UF process
step and then dried using freeze-drying or spray drying technologies. The powder is formulated and packed to a
desired pack size.



Radial Flow Columns
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Picture description: Process flow of lactoferrin extraction

Applications of column chromatography | In addition to lactoferrin purification, the radial flow column is also
used in the food industry and in large-scale chromatography processes. Here are just a few areas of application:

Industrial Processes

e  Beer stabilization (polyphenol reduction from beer)
e Lactoferrin purification from milk or whey

Sclable Processes

e Decolorization of Sugarmolasses

e Riboflavin extraction from lactose

e  Protein purification from fermented processes
e Debittering of liquids (Hesperidin & Limonin)

Developing Processes

e Immunoglobulin
e a-Lactalbumin
B- Lactoglobulin

www.handtmann.com/process-technology



