
WHOLE MILK POWDER MANUFACTURE: 

OPPORTUNITIES AND CHALLENGES
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The ideal powder

For the user:

• Delivers all required nutrition

• Excellent physical appearance of powder

• Easy to handle

• Easy to dissolve

• No physical defects after reconstitution

• No off-flavor or off-taste

For the manufacturer:

• High capacity and yield

• No issues during processing

• Long shelf-life
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What is needed to be on top of the 
game?

Know everything about Product Characteristics

• Physics, phase diagrams, sorption, Tg

• Sensitive ingredients

• Morphology in relation to bulk properties

 Density, flow, reconstitution, etc.

And being able to combine and apply this knowledge

Know everything about Drying Technology

• Unit Operations, process steering & control, Modeling processes

• Heat / Mass balances, Mollier Diagram

• Various drying techniques

• Air de-humidification



Characterize your powder:

• Bulk density (free/tapped/true)

• Particle size distribution

• Specific surface area 

• Particle density

• Stickiness (Tsticky)

• Modulated DSC (Tglass)

• Water sorption isotherm

• Dispersability

• Wettability

• Flowability

• Microscopy

• Process simulation

• Computational Fluid Dynamics
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Particles in milk

Whey proteins

fat globule

casein micelle



Whey protein denaturation

• Whey proteins differ in susceptibility to thermal denaturation

• b-Lactoglobulin generally is the main determinant of whey protein 

denaturation and aggregation because of: 

• Higest concentraction

• Free—SH group which governs aggregation behavior
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Atomization is key
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Droplet size distribution effects on 

the operational spray drying process

• Surface area is proportional to evaporation rate:

• Large particles will dry slow

• Small particles will dry fast

• Insufficient dried droplets can cause: 

• Fouling of the drying chamber

• Blocking of the rotary valve

• Lumping in internal static bed

• Blocking of cyclones

• Very small particles can cause:

• Overloading of the cyclones, plugging of bag houses

• Powder emissions/product losses

Ideally, very small and very large droplets should not be present in a spray:

• Maximize D10

• Minimize D90
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Atomisation
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Factors affecting droplet size
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Controlling different processes 

during atomization
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Fat distribution in dairy powders

• Fat in dairy powders distributed in 

various fractions on surface and in 

core of powder particles

• Emulsion is partially destabilized 

during drying
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Surface properties

• Fat is over-represented on the surface of milk powder particles (35% of 

product, 70% of surface)
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Before fat extraction

After fat extraction



Surface fat in dairy powders
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Fat is over-represented on the surface of powder particles



Controlling free fat

• Controlling free fat is about controlling:
• Emulsion stability

• Smaller fat globules more stable

• Protein-covered fat globules more stable

• Powder particle matrix
• Higher inlet temperatures reduce free fat

• Lower outlet temperatures reduce free fat

• Lactose crystallization can damage fat globules

• Changes in emulsion and powder particle matrix during storage
• Crystallization of fat during storage can damage fat globules

• Lactose crystallization during storage can damage fat globules
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Fat oxidation

• Surface fat more readily oxidized 

• Reliable values are only obtained if fat extraction is good
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• Peroxide value (PV) and p-anidine value (pAV) important indicators for oxidation



Solubility issues
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• Free fat strongly impairs the dispersibility of whole milk powder

• Hydrophobic surface of powder particles gets wetted poorly by water



Insolubility development

20

• Rapid insolubility development between 10 and 30% dry matter 

• Protein aggregation as combination of:
• High temperature

• High protein

• Low pH

• High ionic strength

• In whole milk powder, insolubility mas also show as 

aggregation of protein-stabilized emulsion droplets 



Insolubility development during drying
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• Relation between particle properties and insolubility index can be used to model 

ISI as a function of droplet diameter and temperature

• ISI increases strongly with particle diameter

• Apply for predictive modeling of insolubility during drying 



Model-based process optimization 

• Dryer settings optimized by trial-and-error
• Changing weather conditions…

• Time consuming

• Err on side of caution to prevent fouling

• NIZO Premia Dryspec
• Enables process experts to quickly find opportunities in 

current food production lines
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DrySpec 3
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inlet air

• flow

• temperature 

• humidityfeed

• flow

• temperature 

• composition outlet air

• temperature 

• humidity

powder

• moisture content

• temperature 

• quality properties

Overall mass balance

Overall heat balance
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Insolubility index

Increase heat load in protein containing

product

• Microbial control improved

• Feed viscosity increases

• Insolubility index (Isi) increases..

Heating profiles 

1: 10s, 70 C; 2: 1 min, 85 C; 3: 5 min, 95 C
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Understand:

• ISI as a function of the temperature-

moisture history of the particles

• higher viscosity larger droplet 

higher heat load  higher ISI

Optimize:

• kinetic Arrhenius type model coupled 

with CFD calculation

• ISI model: improve powder solubility 

while maintaining microbial quality

ISI versus particle diameter. 

Experimental results (symbols) and model calculation (lines). 

Temperatures: 86 °C (1, ); 96 °C (2, ) and 114 °C (3, ▲).

Solution: apply the theory



Controlling water relations in milk powder 

properties to ensure efficient processing and 

handling and storage stability
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Fouling of dryers Impaired flow Caking and 

browning



Stickiness
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• Powder particles are in near-

equilibrium with outlet air
• DrySpec calibrages on average

moisture content

• outer layer is in equilibrium with

outlet air

• moisture content inside the 

particles is higher

• Calculate moisture content outer 

layer based on outlet RH and T

• Compare with stickiness curve

feed inlet air

outlet air

powder out



Stickiness measurement

• Powder stickiness as a function of air outlet temperature and 

air moisture content for powder in equilibrium with dryer air

• Measurements: Static (climate chamber, NIZO applied) or 

dynamic (e.g. fluid bed)
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DrySpec3 example calculation

maximizing capacity at constant processing conditions
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Steam consumption and capacity vs. dry 

matter content of feed

• Water evaporation capacity determines spray dryer output

• Power consumption by MVR to 40% d.m. not included

• Increasing the dry matter content of the output of the evaporator is usually done 

in a TVR system, as it can apply larger temperature gradients  than MVR 

systems 

• Steam consumption TVR applied = 0.5 tonne steam/tonne water evaporation

• Steam consumption spray dryer = 2 tonnes steam/tonne water evaporation
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Viscosity of importance

• Viscosity depends on:
• Shear rate

• Composition

• Temperature

• Dry solids content

• Protein denaturation

• Age of product
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Viscosity of milk
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Milk viscosity is determined by:
•Viscosity of the solvent (i.e., milk serum)

•Volume fraction of suspended particles

•Interactions between suspended particles

Volume fractions (φ) (at 25°C):
• Milk fat: 1.1 mL g-1

• Casein micelles: 3.7 mL g-1

• Whey proteins 

• Undenatured: 1.2 mL g-1

• Denatured ~3 mL g-1

Total volume fraction = Σ(ci  φi)

Milk viscosity:

where φmax = maximum volume fraction
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Effect of heating conditions
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Influence of pH and mineral balance
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minimize concentrate viscosity 

Reduced viscosity because of:

•Reduced micellar solvation
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•Association of denatured whey protein 

with casein micelles
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Powder properties - insolubility
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Increasing dry matter of feed is tricky 

• Where to start?
• Substantial investments will be needed upfront:

• Evaporator adaptations to achieve high dry matter output

• Higher capacity high pressure pump

• Unlimited number of orifice – whirl chambers available

• What could happen?
• Product properties may change:

• Solubility may degrade

• Bulk density can alter

• Process performance may decrease:
• Fouling of spray dryer could seriously interfere with daily production 

needs

• Substantial product quantities can be at stake

• Success is not granted

• Need for a structured approach to ensure the dryer will 

perform at high dry matter feed
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Atomization is key
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Particle size distribution

• Small particles (D10)
• Fines, blocking of cyclone, product quality

• Large particles (D90)
• Long drying time, fouling!
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Four step approach toward high dry 

matter feed of spray dryers

40



41



Measure concentrate viscosity as function 

of shear rate at 50 and 60°C

• Skim milk concentrate shows shear-thinning behavior

• Shear rate at nozzle is ~ 100,000 s-1

• Extrapolate lab data range to shear rate at the nozzle
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Measure viscosity in-line just prior to 

atomization as function of temperature
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• In-line viscometer measures at a shear rate of ~1/1000 s

• Combine data lab viscometer and in-line viscometer

• Extrapolation using temperature dependency and shear rate 

dependency to estimate viscosity at nozzle



Droplet size distribution measurement 

inside the spray dryer
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• Viscosity of glycerol by 

temperature adjustment/water 

addition

• Nozzle pressure/Feed rate

• Nozzle: swirl chamber/core + 

orifice combination



•

•

•
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POWDER PARTICLE SIZE, SHAPE AND 

MORPHOLOGY

Buttermilk powder Cream powder
SEM pictures – morphology and size

SMP



The ideal powder

For the user:

• Delivers all required nutrition

• Excellent physical appearance of powder

• Easy to handle

• Easy to dissolve

• No physical defects after reconstitution

• No off-flavor or off-taste

For the manufacturer:

• High capacity and yield

• No issues during processing

• Long shelf-life
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What is needed to be on top of the 
game?

Know everything about Product Characteristics

• Physics, phase diagrams, sorption, Tg

• Sensitive ingredients

• Morphology in relation to bulk properties

 Density, flow, reconstitution, etc.

And being able to combine and apply this knowledge

Know everything about Drying Technology

• Unit Operations, process steering & control, Modeling processes

• Heat / Mass balances, Mollier Diagram

• Various drying techniques

• Air de-humidification
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Thank you for your attention


