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The evolution of the dairy powder market Insights on the drying process in dairy industry 

Significant differences between human milk and available raw material sources

  (WMP), skim milk powders (SMP) COMMODITIES o ≈60% of milk trade at a global scale o Low (negative) added value High added value powders Since '90s High protein powders o Milk protein concentrate (MPC) o Whey protein concentrate/isolate (WPC/WPI) o Micellar caseins Average consumption in EU ≈150 k tons protein equivalent/year Since 2005 Infant Milk Formulae (IMF) Fast development (up to +20%/year) Since the XIX century p. 4 Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -ADSA 2023 Infant Milk Formula (IMF): a challenging priority ❑ Increasing global market: from 50.46 USD billions to predicted 109.10 USD billions by 2027 (Fortune Business Insights) ❑ High added value → 80% of European dairy investment since 2011Towards more biomimetic and sustainable infant formulaDeglaire et al., Trends in Food Science and Technology, 2023. 

•o❑o

  Stress-induced instabilities • Strong deformations L. Lanotte, The drying of milk at the laboratory scale: from the industrial need to the scientific challenge, CRC Press, 2021. p. 7 Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -ADSA 2023 Investigation of milk simplified model: dairy proteins WHEY PROTEINS o Rigid, globular shape o Small size (10-30 nm) Mix of different proteins (β-lactoglobulin, α-lactalbumin, albumins, immunoglobulins) β-lactoglobulin Kuwata et al., 1999.α-lactalbuminPermyakov and Berliner, 2000.CASEIN MICELLESo Sponge-like, deformable structure o Average diameter (100-300 nm)Holt and Horne, 1996.Bouchoux, 2010. FROM THE SINGLE PROTEINS.. Signature of the molecular scale on dry particle morphology ..TO MIXES Competitive dynamics and role of each protein Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -Study the drying kinetics o Characterization of in situ deformation o Detection of skin formation dynamics o Repeatability of the drying history o Obtention of homogeneous samples o Favored physico-chemical analysis Ph.D. Thesis, C. Sadek (2015) R. Jeantet, C. Le Floch-Fouéré p. 9 Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -ADSA 2023 The evaporation of a droplet MATERIALS o Whey Protein Isolates (WPI), Casein Micelles (CM) o Wide range of concentrations (6-20%wt) et al., Soft Matter, 2012. C. Sadek et al., Food Hydrocolloids, 2015. Similar morphologies irrespective of the drying method ❑ How can we explain this similarity from a physical point of view? Protein self-arrangement at such different time/space scales ❑ What about the drying dynamics in WPI/CM mixes? C. Sadek et al., Drying Technology, 2014. p. 12 Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -ADSA 2023 Droplet shape evolution Ph.D. Thesis, M. Yu (2022) R. Jeantet, C. Le Floch-Fouéré, L. Lanotte Collaboration with Soochow University (China) Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -ADSA 2023 Protein stratification in WPI/CM mixes Yu et al., Colloids and Surface A, 2021. the external part of the skin (small-on-top) p. 14 Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -ADSA 2023 WPI/CM mixes: drying at the pilot scale STRONG IMPACT OF PROTEIN OVERALL CONCENTRATION Effect of local viscosity o Protein self-organization in the solution WPIInterfacial self-organization in droplets of dairy protein mixes L. Lanotte -ADSA 2023 Take home messages ✓ Evident signature of protein physico-chemical properties on dry particle final shape ✓ Drying-induced protein stratification leading to WPI external accumulation ✓ Validation at the pilot scale (impact of overall protein concentration) POSSIBLE IMPACT ON POWDER REHYDRATION PROPERTIES p. 16 Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -ADSA 2023 Ongoing research What if we use different kinds of caseins? Sodium caseinates (SC)o Smaller size (comparable to WPI)
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ADSA 2023 The long road to powder obtention: milk complexity

  

	Complex physico-chemical system
	❑ Emulsion of fat globules in water
	❑ Colloidal suspension (proteins, minerals, lactose)

p. 5

Interfacial self-organization in droplets of dairy protein mixes L. Lanotte -

g/l Cow milk Human milk Proteins 32 10

  

	Differences in concentration and composition
	Caseins	80%	35%
	WP	20%	65%
	Carbohydrates	50	75
	Lipids	38	36
	PUFA	2,9%	6,4%

Industrial processing needed
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