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Processing milk – a fragile 

resource 

Physical separation, microbiological spoilage 

Prevent with processing 

 



Milk: a test-bed for processing 

http://www.oldandinteresting.com/photocredit.aspx


Processing dairy today 

Complex processing 

• Ensuring safety 

• Stabilisation 

• Separation 

• Transformation 

• Complexation 

 

A complex matrix 

• Multicomponent (fat, 

protein, lactose, minerals) 

• Multiphase (emulsion, 

colloidal suspension) 

• Biologically active (e.g., 

enzymes)  

• Physically and 

microbiologically unstable 



Drivers and threats for dairy 
processing today 

• Processed/ultra processed 

concerns 

• Quality vs stability  

• Threats from non-dairy ‘milks’ 

• Fear of dairy? 

• Allergens 

• Sustainability and the environment 

• Animal welfare/veganism 

• ‘Naturalness’ 

• Consumer confusion 

• New technologies 









A threat? 

Vs 

• Whey proteins ‘easy’ to produce by 
precision fermentation 

• Caseins are not casein micelles 
• Micelles (structure, PTM) a ‘wicked 

problem’ 



The A2 milk story 



GM and future milk? 



Communication about milk in Ireland 



Grass-based milk production 



Major research focus 



• Industry-led or –linked research and technology centres 
• 5 year cycles, €15-25 million budgets 
• 4-8 industry partners, 4-8 academic partners 
• Enterprise Ireland/Science Foundation Ireland funding 
• Major mechanism of dairy funding in Ireland – pros and cons  

The industry-academia dairy complex 



Novel approaches to milk processing 
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The milk processing map 
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An analogous problem in search of a novel solution: 
fruit juice 

The problem: 
 
 • Heat-labile nutritional and 

sensory characteristics 
• Short unprocessed shelf-life 

due to microbial spoilage 

The solution: 
 
 • Use of high pressures or 

pulsed electric fields to 
achieve microbial inactivation 
while retaining fresh-like 
characteristics 



High-pressure processing 
o First shown to preserve milk 

over 100 years ago 

o Commercially available food 

systems since 1990 

o Exponential increase in 

applications in recent years 

o Limited by scale, cost and 

batchwise nature 

o Nevertheless, breakthrough 

success for specific food 

applications 

o Minimal nonthermal 

processing 

 





Hiperbaric.com© 2011 Hiperbaric. All rights reserved.

Hiperbaric 135 in 2009  
Hiperbaric 300 in 2012

for juices and dairy
smoothies

Pulmuone (Korea)

HPP dairy products 

Hiperbaric.com© 2011 Hiperbaric. All rights reserved.

Comercial dairy products from Romantics



Effects of HPP on Milk Constituents 

• Casein Micelles: disruption or 

aggregation (colour change) 

• Minerals: solubilisation of colloidal 

calcium phosphate (CCP) 

• Whey Proteins: denaturation and 

association with casein micelles 

• Fat Globules: Size unchanged up 

to 600 MPa but creaming reduced 

• Microbial inactivation: Most 

vegetative microorganisms 

inactivated by HP processing in 

range 400-600 MPa.  



Milk 

HP 

Liquid 
(market) 
milk 

Stability? 
Safety? 
Spoilage? 
Sensory? 

HP 

Products 

HP 

Products 

Ice cream Functionality? 

Cheese Ripening? Safety? 
Coagulation? 

Yoghurt Texture and syneresis 

Ingredients Functionality? 

Cheese Ripening/ Safety/ 
Functionality 

Yoghurt Texture and syneresis 

Ingredients Functionality? 

HPP and Dairy Processing 



High pressure and milk bioactives? 

• Increasing interest in recovery of biologically-
functional proteins from milk and whey 

• How to achieve microbial stability without loss 
of such functionality? 

• Potential for use of HPP at tailored conditions 
of pH 

• Commercialised for colostrum products 



The problem that remains…..  

• Heat-resistant bacterial spores 

are also pressure-resistant 

• Applications need to control 

spores by other methods 

• Potential for sterilisation at lower 

temperatures combined with high 

pressures 

• Also possible interest in 

germinating spores by pressure 

for later inactivation by heat or 

pressure 

• Otherwise, need chilled products 







Largest available systems 



Pulsed electric field (PEF) technology 
Uses strong pulsed electric currents (20-80 kV/cm) to inactivate microbial cells in food 
placed or flowing between electrodes 
- Preserves food with little or no actual heat 
- Avoids negative effects on sensory and nutritional quality associated with heat 

treatments 
- Commercialised for fruit juices 



Pulsed Electric Field (PEF) 



• Microwave heating enabled a 3-fold faster temperature rise in comparison to 

conventional indirect heating using heat exchangers 

• No significant differences in the physico-chemical (e.g. furosine and HMF 

formation), microbiological, nutritional (e.g. vitamin B1) and organoleptic 

characteristics (color and taste) of the milk between both processes.  

• The product quality achieved using microwave pasteurization is thus 

comparable to that of conventional pasteurization. 

Continuous microwave heating 



Novel thermal:  
Innovative steam injection milk process 

• Very high temperatures 
for very short times 

• 0.1 s at 150-200oC 
• No holding time 
• More expensive than 

conventional UHT 



Cavitation: Combining heating and 

homogenisation?  

EU FCHR project: 

Fluid Cavitation 

Hydrodynamic 

Reactor 

 

Can cavitation replace the 

homogenisation and 

pasteurization steps in 

dairy processing? 

 
                                                                                                                  

 

 

1 
 

FFCCHHRR    
Fluid Foods Pasteurizer and Homogenizer Based on Centrifugal Hydrocavitation Reactor 
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FCHR prototype 
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Homogenization by FCHR 
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• Bacterial inactivation possible (> 5 log LAB) after 5 passages, but efficiency of 

process not comparable to conventional HTST/pasteurisation 



Enzymatic Modification: Protein  

Glutaminase and Milk Functionality 

Miwa et al (2010) 

• Enzyme produced by soil bacterium 
Chrysobacterium proteolyticum 

• Deamidates proteins by conversion 
of glutamine residues to glutamic 
acid 

• Increases negative charge on 
proteins 

• Reported effects on clearing of milk, 
dispersion of casein micelles, 
improved acid gel formation 
 



Protein Glutaminase 

and Casein Micelles O hours 

2 hours 

24 hours 

24 h, 50℃  24 h, 5 ℃ 

Skim milk incubated at 50 ℃ 

(optimum temperature for 

enzyme) 



Raw milk plus PG  

         C     0     1      3     6    24 (h) 

β- casein 

αs1-casein 

Protein Glutaminase and Caseins 
• Dramatic, progressive and irreversible effects on 

casein mobility in electrophoresis 
 b-casein affected more than as1-casein (depends 

on AA sequence) 

β- casein 

αs1-casein 

    Raw milk           Past milk            Raw + PG 

0    1    3      7     0    1    3    7    0    1    3    7 (d)  

Apparent inhibition of proteolysis 



1. High capital costs 
2. High running costs (e.g., energy utilisation) 
3. Commercial availability (lack thereof) 
4. Batch or continuous processing 
5. Scale of production and throughput 
6. Validation by recognised authorities 
7. Not a single answer to processing – hurdle 

approach to preservation and shelf-life 
(especially with chilled distribution) 
 

Barriers to uptake of new processing 
technologies 



Need new 

processing 

conditions 

roadmaps 

ISI 



Conclusions: the future of dairy? 

• Existential threats from multiple 
sources (fast-moving vs fads?) 

• Sector exploring ‘advanced minimal 
processing’ 

• Technological advances in multiple 
other areas (fractionation, 
customization) 

• Milk a source for huge range of 
‘non-milk ingredients’ 



Thank you!! 

 

E-mail: a.kelly@ucc.ie 
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