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Background
Artificial casein micelles

• Controlled mixing of caseins with salts

4Schmidt et al. (1977)



Background
Artificial casein micelles

5Method: DLS Method: ICP-OES and IC

• Similar properties and functionality as natural casein micelles



Background
Artificial casein micelles

6Method: rheometry time sweep

• Similar properties and functionality as natural casein micelles

pH = 6.3
0.04% added calcium



Background
Challenges
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• Production of caseins
• Yield
• Downstream processing
• Posttranslational modifications

• Artificial casein micelles
• Other ingredients
• Upscaling



Background
Challenges
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• 20th century: Elucidating structure of casein micelles
• 21st century: Practical relevance
• Disadvantages current process

• Slow
• Low output
• Batch process

60 min



Hypothesis

• Casein micelle formation occurs upon calcium 
phosphate supersaturation in the presence of casein

• Formation of calcium phosphate nanoclusters
• Casein self-assembly

9Dalgleish & Corredig (2013) 9
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Background
Calcium phosphate supersaturation

• Multiple ways to achieve supersaturation
• Increasing pH
• Increasing temperature
• Increasing concentration

• Adding calcium and phosphate ions (Schmidt method)
• Concentrating the solution
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Approach
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• Induce micelle formation through calcium phosphate supersaturation
in the presence of casein by means of concentration

• Vacuum evaporation (VE)
• Forward osmosis (FO)
• Reverse osmosis (RO)

• Varied preparation rate



Results
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S-ACM VE-ACM FO-ACM RO-ACM

Method: SEM



Results
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𝑑𝑑(𝑡𝑡) = 𝑑𝑑∞ + 𝑑𝑑0 − 𝑑𝑑∞ ∗ 𝑒𝑒−
𝑡𝑡
𝜏𝜏

Method: DLS

𝑃𝑃𝑃𝑃𝑃𝑃(𝑡𝑡) = 𝑃𝑃𝑃𝑃𝑃𝑃∞ + 𝑃𝑃𝑃𝑃𝑃𝑃0 − 𝑃𝑃𝑃𝑃𝑃𝑃∞ ∗ 𝑒𝑒−
𝑡𝑡
𝜏𝜏



Results
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• Micellar casein
• Casein mineralization
• Micelle hydration
• Internal structure (SAXS)

• Little influence of preparation method or preparation time



Results

• Improved coagulation behaviour
• Fouling during reverse osmosis

• Lower concentrations

15Method: rheometry time sweep

pH = 6.3
0.04% added calcium



Results

• t

16Method: rheometry time sweep Method: rheometry time sweep

pH = 6.3
0.04% added calcium

pH = 6.3
0.04% added calcium

Faster



Discussion
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• Faster preparation = increased size and PDI, impaired coagulation
• Except for FO-ACM

• Local differences in the concentration of ions

Ca



Discussion
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• Faster preparation = increased size and PDI, impaired coagulation
• Except for FO-ACM

• Local differences in the concentration of ions
• Area of evaporation/permeation

• Vacuum evaporation dm2-range
• Reverse osmosis 0.9 dm2

• Forward osmosis 2.3 m2



Conclusions

• Casein micelle formation occurs upon calcium phosphate 
supersaturation in the presence of casein

• Artificial casein micelles can be produced through vacuum evaporation, 
forward osmosis and reverse osmosis

• Local concentration differences affect micelle properties and 
functionality

• Preparation time
• Area
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Outlook

• Advantages of the proposed preparation methods:
• Start with dilute feed
• Continuous

20



Recommendations

• Fouling (especially reverse osmosis)
• Forward and reverse diffusion during forward osmosis
• Resource efficiency
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