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Relco is an OEM equipment manufacturer under Kovalus (Cheese, Filtration, Evap, Dryer)
Kovalus is Ex-Koch Membrane Systems. Team remained the same and only name change 
under new venture capital firm (Sun Capital)

 
Background

⚬ Post Doc - Dairy Membrane Separations - 2019 - Post Doc - South Dakota State Univ
⚬ PhD - Chemical Engineering - 2015 - Michigan Tech

11 years in Dairy Separations

⚬ System sizing & Design
⚬ Process Engineering
⚬ Technical Sales & Service
⚬ Innovation

Bio of Speaker



High Protein Dairy Products

High-protein Milk, yogurt, RTD shakes, nutritional beverages, cheese, protein 
fortified products etc

Rising consumer focus on protein intake, satiety, muscle health & active 
lifestyles

Concentration, Fractionation using membrane technologies, ion exchange 
are the base processing steps followed by formulation & functionality

Optimize on viscosity, solubility, heat stability, flavor, shelf life etc. 



Component Sizes in Dairy Fluid



Dead-End Filtration                      Cross-Flow Filtration



Organic Polymeric                        Ceramic Membrane



Other Membrane Configurations - HF, Tubular etc



Micellar Casein Conc & Isolate

Micellar Casein Concentrate (MCC) is a protein ingredient rich in Casein%. While 
milk contains 80:20 Casein to whey ratio, the MCC can offer opportunities to 
increase Casein to Whey ratio as high as 95:5. 
Same time produce Milk derived whey (MDW) 

MCC an excellent source of amino acids and calcium. 

Native whey or MDW is obtained in the permeate stream of the MF process. MDW is 
known for clean flavor and value compared to cheese derived whey protein



Micellar Casein Conc & Isolate
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MCC 88 : 12 to MCC 95 : 5 - Various CN:WP ratios available



BETA CASEIN
BETA CASEIN

CALCIUM PO4 CALCIUM PO4

WARM 40-50 C
COLD 4-5 C

BETA CASEIN CAN BE EXTRACTED USING MF & COLD TEMP
(Detailed Process can be provided if interested)

Micelle change from temp Picture Source – Walstra 1999



Beta Casein Fractionation
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Milk Protein Conc / Isolate - MPC 42, , 65, 70, 80, 90
Milk Protein Concentrate (MPC) is a high-protein dairy ingredient produced by 
concentrating milk proteins

⚬ Contains casein and whey proteins in proportions similar to milk.
⚬ Available in different protein levels, commonly 40–85% protein.

Widely used in yogurt, cheese, dairy beverages, nutritional products, and 
protein foods.

Typically produced using membrane filtration technologies, such as 
ultrafiltration.

Suitable for high-protein and reduced-sugar dairy formulations
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CASE STUDY – Using Open MW UF



CASE STUDY – Using Open MW UF



CASE STUDY – Open MW UF 

Overall, customer decided to go with 30kDa for flux and protein rejection. 
The plant in operation for over >1 year and producing MPC85

MPC85 - Operating Conditions 

• 16-18% TS

• Temperature – 65-66 deg F

• Baseline Pressure – 10 psi 

• Membrane –6438s

• Mil Spacer – 30, 45 and 62

• 8-stage system

• Analyzed data closely on Stage 1, 5 and 8 

• Front, Center and Last Stage



Whey Protein Conc - WPC 35, 60, 80

Whey Protein Concentrate (WPC) is a dairy ingredient produced by 
concentrating proteins from whey.

⚬ Commonly seen in 35, 60, 80 % protein dry basis

Widely used in protein beverages, sports nutrition, infant nutrition, bakery, 
confectionery, dairy products, and nutritional foods.

Produced primarily through membrane filtration, such as ultrafiltration, 
followed by concentration and drying.
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Whey Protein ISOLATE - WPI 90 & Procream

Typically contains 90%+ protein on a dry basis.  Very low in lactose, fat, and 
minerals compared with WPC.

Ideal for high-protein, low-carbohydrate and low-lactose formulations.

Produced primarily through membrane filtration of UF, MF and then UF again 
as key steps before further concentration & drying

Microfiltration MF is used for fat removal which results in producing Procream 
(or WPPC). 25% of the protein yield goes into WPPC. Major decision point for ROI
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High Level Comparison
MCC MPC WPC WPI

Protein source
Casein from skim 

milk
Whole milk proteins Whey Whey

Typical protein
CN:Whey Ratios

(Upto 95:5)
40–89% 34–80% ≥90%

Main proteins Caseins Casein + Whey
All whey proteins 

(Beta, Alpha, LF, IgG 
etc)

Separated from 
Fat & Lipids 

(highly purified 
whey)

Lactose Low
Decreases with 

protein level
Moderate → low Very low

Production MF of skim milk UF of milk UF of whey
UF/DF + fat removal 

with added MF 

Key functionality
Casein micelle 
structure, heat 

stability, gelation

Emulsification, water 
binding, nutrition

Solubility, foaming, 
emulsification

High purity, 
solubility, nutrition

Typical applications
High-protein 

beverages, sports 
nutrition, cheese

High-protein dairy, 
cheese, beverages

Nutrition, beverages, 
bakery

Sports nutrition, RTD 
beverages, infant 

nutrition



Rise of Ultra-Filtered Milk

UF milk transforms conventional milk into a higher-value, protein-focused 
product. 

Higher protein, lower sugar/lactose, lactose-free, and strong nutritional & 
wellness positioning.

Ultra-filtration is shifting fluid milk from a commodity product toward a high-
protein, functional and premium dairy platform. 
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Greek Yogurt - 15% Protein in Process & requests going higher

Greek yogurt is fast growing product line in fermented products market. 

Superfood category due to high protein% & optional fat %

Has rich-texture, flavor, taste, mouth feel

Now we can use filtration to raise the protein without loosing functional , 
nutritional and improved customer satisfaction
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Advantages of Filtration on Greek Yogurt Process

Increased Yield on filtration compared to separator process

Efficient separation of acid whey from yogurt 

Multiple options to produce different grades of protein% on same unit

Efficient processing compared to conventional techniques



Compare - Ceramic vs Spiral

Ceramic offers strong value in select 
filtration applications due to superior 
handling of high-viscosity streams and 
excellent chemical durability.

Ceramic systems best return on 
investment (ROI) is achieved in 
applications that can operate at warm-
hot temperatures

Ceramic Spiral

Membrane Surface Area 
(sq.m or sq.ft)

Low High

Flux Higher Lower

Capex Cost Higher Lower

Opex Cost Higher Lower

Chemical Resistance Very High Low

Viscosity Handle Higher Lower

Membrane Life 5-10 years 1-2 years



General Principle - Ion Exchange Chromatography

https://www.goldbio.com/blogs/articles/an-overview-on-ion-exchange-chromatography



Lactoferrin (& Lactoperoxidase)

High value bioactive dairy proteins with disproportionately high economic value due 
to low  availability within milk/whey. LF requires complex extraction steps involving 
Ion exchange chromatography and membrane separation techniques

Lactoferrin (~80 kDa) is an iron-binding glycoprotein present in milk and whey, 
recognized for its antimicrobial activity and immune-supporting functions

Lactoperoxidase is an antimicrobial enzyme at similar MW of ~78 kDa

LF and LP elute from the same IEX column at different times depending on salt 
strength or pH 

Challenging ROI on whey compared to milk. Only 55-60% remains in 
Whey. Projects on whey do not see approval because of poor ROI



Lactoferrin & Lactoperoxidase

Bacteria Reduction in Whey Ingredient 



Improving lactoferrin quality from a membrane separation point of view 

Traditional LF often contains residual impurities and removal of these smaller unwanted low MW 
contaminants (endotoxins, RNAs, angiogenin, lipopolysaccharides) directly contributes to higher grade, 
higher quality of LF product

CASE STUDY - Lactoferrin



Non LF Protein Impurity removal – Permeate Validation Results

CASE STUDY - Lactoferrin



Non LF Protein Impurity removal – Retentate Validation Results

CASE STUDY - Lactoferrin



CONCLUSIONS

• Both 30kD and 50kD highlighted permeation of the impurities in the form of RNA 
proteins angiogenin, polysaccharides, endotoxins. Customer confirmed achieving 
superior grade of lactoferrin

• Customer found the 50kD most satisfactory for removal of impurity proteins, while still 
retaining the LF yield. 

• 50kD elements were fluxing 17-18% higher than 30kDa elements on field install. So high 
throughput and lower pressure as well

CASE STUDY - Lactoferrin



More Reference Processes 
(Details not included here in interest of time)

Alpha Lacta Albumin (ALA) & Beta Lactoglobulin
Unit Operations - Ion exchange, Precipitation, Membrane, Drying

De-calcification Process (DCP) 
Unit Operations -Hot temp, pH adjust, Nozzle Clarifier, Membrane, Drying

Immunoglobulins - 100x more in Colostrum Milk than regular milk

Calcium-Reduced MPC
(Publications on RCMPC MPC80, MCC etc)
Foods  2022 May 10;11(10):1377 and J Dairy Sci . 2015 Jun;98(6):3577-89.
doi: 10.3168/jds.2014-8946. Epub 2015 Mar 28.



Colostrum Milk Composition

Component Bovine Colostrum Milk Mature Milk

Total solids (%) 24–28 12.9

Fat (%) 6–7 3.6–4.0

Protein (%) 14–16 3.1–3.2

Casein (%) 4.8 2.5–2.6

Albumin (%) 6.0 0.4–0.5

Total immunoglobulin 
(mg/mL)

42–90 0.4–0.9

Lactose (%) 2–3 4.7–5.0

Bovine Colostrum: Its Constituents and Uses
Nutrients . 2021 Jan 18;13(1):265. doi: 10.3390/nu13010265

https://doi.org/10.3390/nu13010265


As viscosity increases, spiral-wound systems become increasingly difficult to operate because 
the pressure drop and concentration polarization become severe. Plate-and-frame (PF) 
membrane filtration is a very interesting approach. 

P&F offer more open flow channels, controlled pressure drop, high crossflow suited for 

higher solids and viscosity

Larget footprint, generally higher capex for same membrane area as spiral

High Solids Concentration on MPCs, WPCs

Coutesy - Alfa Laval P&F Filter Website



The Cavitator uses a rotating rotor with precisely machined cavities. As the liquid passes through 
these cavities, local pressure fluctuations create and collapse microscopic vapor bubbles. The 
collapse generates shockwaves and intense localized mixing/shear.

Takeaways from Multiple Research Journals
1. Hydrodynamic cavitation reduces viscosity of whey protein concentrate by 7-8% over 14 days.

2.Particle size distribution analysis indicates reduced presence of large aggregates post-
treatment.

3.The study evaluates the time-dependent viscosity reduction in concentrated protein 
solutions on WPCs, MPCs

Hydrodynamic Cavitation

https://instruval.net/pdf/APV_Cavitator_5004_12_2015_US.pdf



Raslysation - Non-Thermal Pasteurize Treatment

Raslysation is non-thermal microbial reduction process. The UV technology works by 
combining turbulent flow pattern and UV treatment. The UV alters the DNA to make the 
microganism ineffective. (Raslysation: Meet the technology that could replace pasteurization

 Dairy Reporter - 23-Jan-2023 by Teodora Lyubomirova (LYRAS TECH)

Conventional 
pasteurization

Raslysation

Main mechanism Heat Pulsed UV

Product heating Significant Much lower

Protein 
Denaturation

Possible Generally much lower

Flavor impact Possible Potentially lower

Energy form Thermal Electrical/UV

Microbial target Yes Yes

Optical properties No Important



Fluorescence Sensor - Analyzing Membrane Deterioration

The meter excites tryptophan in dairy proteins with ultraviolet light at 280 nm and measures 
fluorescence near 350 nm. Because non-protein nitrogen does not fluoresce, the result is a true 
protein measurement, unaffected by NPN. Advanced optics automatically compensate for permeate 
solids from 1 to 10 percent, ensuring accuracy even in challenging conditions.

Measurement on permeate side of the UF for analyzing membrane leak or deterioration

Courtesy – Reflectronics Inc.
https://reflectronics.com/product-fluorlite-protein



Create very small protein particles using controlled heat 
treat(THEMAL) and shear (MECHANICAL) to modify the 
texture and functionality of a dairy product

The whey proteins denature during heating and form 

aggregates. Under controlled shear, these aggregates 
are broken into small-uniform particles

Microparticulation

Produce a smoother, more cream-like texture

Boost functionality for Water Binding, Emulsification, Stabilizer

Process Investigated for fat replacer in dairy products. By creating proteins in similar sizes as 
fat molecules in milk

Microparticulated whey proteins: a literature review
Igor L. de Paula a Et. Al



Microencapsulation - creating small particles 
in which an active materials (oil, vitamins, 
antioxidants) are surrounded or embedded 
within a WPC/protein matrix. 

Improved shelf life of active material, 
controlled release and the protein layer 
shields the core material from sensitivity 
towards heat or light etc

Microencapsulation

Fernando Et Al. Journal of Toxicology, 2024 
(Image Modified by Speaker for Dairy)
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